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Abstract

Aggressive non-Hodgkin lymphoma (NHL) is among the most common cancers in
sub-Saharan Africa (SSA), where CHOP is standard treatment and outcomes are
poor. To address this, we treated 17 newly diagnosed adult patients in Malawi with
Burkitt (n = 8), plasmablastic (n = 8), and primary effusion lymphoma (n = 1) with
a modified EPOCH regimen between 2016 and 2019. Twelve patients (71%) were
male and the median age was 40 years (range 16-63). Eleven (65%) were HIV in-
fected, median CD4 count was 218 cells/uL (range 9-460), and nine (82%) had sup-
pressed HIV RNA < 400 copies/mL. Patients received a median of six cycles (range
2-8) and median follow-up was 14 months (range 2-34) among patients still alive.
Grade 3/4 neutropenia was observed in 26% of cycles and in 65% of patients. Sixteen
(94%) responded to EPOCH and 10 (59%) achieved a complete response. One-year
overall survival (OS) was 62% (95% confidence interval [CI], 42%-91%). Five pa-
tients (29%) died from progressive NHL and three (18%) from treatment-related
complications. These data suggest EPOCH with setting-appropriate modifications
may be a practical, safe, and effective option for improving high-risk NHL outcomes

in Malawi and comparable settings, which deserves further prospective evaluation.
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1 | INTRODUCTION
Aggressive non-Hodgkin lymphoma (NHL) subtypes pre-
dominate in sub-Saharan Africa (SSA),! reflecting a young
population and high prevalence of HIV and oncogenic vi-
ruses, including Epstein-Barr virus (EBV) and Kaposi sar-
coma-associated herpesvirus (KSHV).2

Diffuse large B-cell lymphoma (DLBCL) is the most
common aggressive NHL worldwide,' for which rituximab
plus CHOP (cyclophosphamide, doxorubicin, vincristine,
prednisone) is the international standard of care.>* Treatment
intensification has not improved DLBCL outcomes, although
individualized approaches based on molecular characteriza-
tion are being investigated. For other aggressive NHLs, like
Burkitt lymphoma (BL), CHOP rarely leads to durable dis-
ease control. In high-income countries, BL has historically
been treated with intensive regimens modeled after pediatric
leukemia therapies, associated with significant toxicities and
requiring high levels of support.>®

Lower-intensity infusional regimens, notably dose-ad-
justed EPOCH (etoposide, prednisolone, vincristine, cy-
clophosphamide, doxorubicin), have been developed as an
alternative to reduce treatment-related toxicities while main-
taining excellent outcomes.”® Cytotoxicity in proliferative
lymphoma cells may be enhanced by prolonged chemotherapy
exposure, and EPOCH has gained acceptance as a standard
option for BL, plasmablastic lymphoma (PBL), and primary
effusion lymphoma (PEL) in high-income countries.® !

In SSA, resource-limited health systems, high opportu-
nistic infection burden, and frequent comorbid HIV and/
or malnutrition make high-intensity cytotoxic chemother-
apy challenging.u’13 We hypothesized that EPOCH, with
modifications as required for local administration, might
be safe and effective for high-risk NHL at a national teach-
ing hospital in Malawi, particularly in light of historically
poor outcomes using less intense strategies.m'17 To our
knowledge, no prior reports describe EPOCH application
in a low-income country in SSA, where aggressive NHL
subtypes are common and therapeutic options are severely
limited.

2 | METHODS

In August 2016, based on poor outcomes for patients re-
ceiving CHOP, institutional practice was changed such
that newly diagnosed adult patients at Kamuzu Central
Hospital (KCH) with BL, PBL, and PEL received modified
EPOCH. All patients with newly diagnosed lymphopro-
liferative disorders were enrolled in the KCH Lymphoma
Study prospective cohort previously described.'® All diag-
noses were pathologically confirmed using tissue biopsies
and immunohistochemistry, including stains performed on

site for CD3, CD20, CD45, CD138, BCL2, TDT, PAXS,
and Ki67, interpreted during real-time weekly telepathol-
ogy conferences involving two to four United States and
Malawian pathologists who rendered a consensus opinion,
and subsequent secondary review by United States hemato-
pathologists.'” Fluorescence in situ hybridization capabili-
ties are not present in Malawi, and were typically not done
subsequently in the United States due to limited diagnos-
tic specimens remaining after initial real-time work-up.
Patients were staged using physical examination, chest ra-
diography, abdominal ultrasound, unilateral bone marrow
biopsy, and cerebrospinal fluid cytology, as previously
described.'®

Patients received modified EPOCH as per the United
States National Cancer Institute (NCI) protocol beginning
at dose level +1 (etoposide 50 mg/mz, vincristine 0.4 mg/
m?, and doxorubicin 10 mg/m2 days 1-4; prednisone
60 mg/m2 days 1-5; cyclophosphamide 750 mg/m2 day
1). Treatment was administered using peripheral, rather
than central, venous catheters. Limited clinic and hospital
infrastructure were felt to prohibit safe administration of
infusional chemotherapy outside normal cancer clinic oper-
ating hours, especially overnight when nursing support was
scarce and risk of extravasation or other adverse events was
felt to be excessively high. Hence, 24-hour doses of etopo-
side, vincristine, and doxorubicin were administered over
8 hours on four successive days in clinic. For tumor lysis
syndrome prevention, patients typically received allopuri-
nol plus prephase treatment with prednisone for 5-7 days,
then CVP (cyclophosphamide, vincristine, prednisone),
followed by EPOCH initiation 1 week later. Patients at
high risk for leptomeningeal involvement, including all BL
patients and PBL patients with craniofacial involvement,
had baseline cerebrospinal fluid cytology performed and
received intrathecal methotrexate and hydrocortisone with
each cycle. Treatment cycles were administered every
21 days and continued until progression, death, or comple-
tion of six cycles.

Based on adaptation of the NCI protocol as required
for local implementation, chemotherapy doses were ad-
justed to achieve an absolute neutrophil count (ANC) of
1.0-1.5 x 103/pL on day 1 of the next scheduled cycle,
with dose escalation if ANC was >1.5 X 10*/uL on day 1
of the next scheduled cycle. Patients could not generally
return for twice-weekly blood counts per NCI protocol
recommendations, due to long travel distances with high
transportation costs. Rituximab and hematopoietic growth
factors were not available in the Malawian public sector
during this period. All patients received prophylactic ci-
profloxacin on days 7-21 of each cycle. HIV-infected pa-
tients additionally received prophylactic cotrimoxazole
and fluconazole continuously throughout chemotherapy,
as well as concurrent antiretroviral therapy (ART) with
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tenofovir-lamivudine-efavirenz, the recommended first-
line regimen in Malawi during the study period.

Cohort characteristics were summarized using simple de-
scriptive statistics. Response was assessed according to the
standard international criteria,” using physical examination,
chest radiography, and abdominal ultrasound. Adverse events
were reported using NCI Common Terminology Criteria
for Adverse Events version 4.0. Responses were assessed as
previously described.'® ANC curves were generated by aver-
aging available ANC measurements on day 1 of each cycle.
Patients were followed from enrollment until death or admin-
istrative censoring on 30 June 2019. Kaplan-Meier methods
were used to estimate overall survival (OS) and progres-
sion-free survival (PFS) from the date of cohort enrollment.
Analyses were conducted using R 3.5.2 (New York, New
York). All participants gave written informed consent. This
study was approved by the UNC Institutional Review Board
and Malawi National Health Sciences Research Committee.
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3 | RESULTS

Between August 2016 and November 2018, 21 patients with
BL, PBL, and PEL were enrolled. During this period, four
eligible patients with BL, PBL, or PEL diagnoses did not
receive modified EPOCH due to death before treatment ini-
tiation (n = 1), poor performance status (n = 1), or patient
reluctance to spend four successive days in clinic per cycle
(n = 2). Seventeen patients were thus treated with modified
EPOCH (8 BL, 8 PBL, and 1 PEL). Twelve patients (71%)
were male and the median age was 40 years (range 16-63)
(Table 1). Eleven patients (65%) were HIV infected, among
whom median CD4 count was 218 cells/uL (range 9-460),
and nine (82%) had suppressed HIV RNA < 400 copies/
mL. Although the testing of tumor specimens for EBV was
not available onsite in Malawi during the study period, five
(29%) were tested in the United States, of which four (80%)
were EBV positive (1/1 BL, 3/4 PBL, 0/0 PEL).

TABLE 1 Characteristics of patients receiving modified EPOCH in Lilongwe, Malawi

All patients

Characteristic (n=17)
Male sex, n (%) 12 (71)
Median age, years (range) 40 [16, 63]
HIV characteristics

On antiretroviral therapy > 6 mo, n (%) —

CD4 count, median (range) —

HIV RNA < 400 copies/mL, n (%) —
Symptom duration prior to enrollment, n (%)

1-3 mo 8 (47)

4-6 mo 4(23)

>6 mo 5(29)
Diagnosis, n (%)

Plasmablastic lymphoma 8 (47)

Burkitt lymphoma 8 (47)

Primary effusion lymphoma 1 (6)
Stage II/IV, n (%) 7 (41)
ECOG performance status > 2, n (%) 10 (59)
International prognostic index > 3, n (%) 7(41)
Bone marrow involvement, n (%) 2 (12)
Extranodal involvement, n (%) 9 (53)
Median baseline laboratory values, (range)

White blood cell count, 103/pL 5.21[2.1,14.4]

Absolute neutrophil count, 103/pL 2.91[0.5, 8.4]

Hemoglobin, g/dL
Platelet count, 103 L
Lactate dehydrogenase, Tu/L

Hepatitis B surface antigen positive, n (%)

*Laboratory upper limit of normal 250 TU/L.

10.7 [5.8, 12.9]
339 [66.0, 635]
417 [165, 2,522]
2(12)

HIV+ HIV—
(m=11) m=6)

7 (64) 5(83)

41.00 [21, 55] 20 [16, 63]

11 (100) —

218 [9, 460] —

9 (82) —

6 (54) 2 (33)

0 (0) 4(67)

5 (45) 0 (0)

6 (54) 2(33)

4 (36) 4(67)

1(9) 0(0)

4(36) 3(50)

9 (82) 1(17)

327) 4(67)

19) 1(17)

4 (36) 5(83)
5.21[2.1,9.8] 6.3[3.5, 14.4]
2.9[0.5, 6.6] 3.0[1.4,84]

10.0 6.2, 12.4]
339[151, 584]
412 [233,2,522]
19)

10.8[5.8, 12.9]
334 [66.0, 635]
881 [165, 1,870]
1(17)
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Patients received a median six EPOCH cycles (range
2-8), with median NCI dose level +1 (range —2 to +4) per
cycle and without major differences by HIV status (Table
2). No patients abandoned treatment, and six (35%) of
patients completed all EPOCH cycles at NCI dose level
+1 or greater. Mean ANC trajectories for the overall co-
hort stratified by HIV status are shown in Figure 1. As
anticipated, mean ANC during treatment was lower in
HIV-infected patients. Grade 3/4 neutropenia, based on
planned day 1 blood counts for each cycle without in-
terim assessments, occurred in 65% of patients and in
26% of cycles. Deaths are described separately below,
but no documented grade 3/4 non-hematologic adverse
events were observed, including no chemotherapy extrav-
asation events.

As of 30 June 2019, vital and disease status was known
for all 17 patients, with median follow-up 14.4 months
(range 2.3-33.9) among patients still alive (Table 3). Ten
patients (59%) achieved complete response (3/8 PBL, 7/8
BL, 0/1 PEL), six (35%) achieved partial response, and one
had refractory disease. One-year OS was 62% (95% confi-
dence interval [CI], 42%-91%), and 1-year PFS was 50%
(95% CI, 30%-82%) (Figure 2). Of eight deaths, five were
from progressive lymphoma and three from EPOCH com-
plications, with 18% treatment-related mortality. Presumed
treatment-related deaths occurred shortly after receiving an
EPOCH cycle, and patients presented to local health cen-
ters with sepsis-like symptoms, such as fever, diarrhea, and
vomiting. Due to limited diagnostic capabilities at these
health centers, a more specific cause of death could not be
identified. For these three patients, administered EPOCH
dose level ranges were +1 to +1, +1 to +2, and +1 to +4,
respectively.

4 | DISCUSSION

International standards of care for high-risk NHL are as-
sociated with significant toxicities and require robust sup-
port, making them impractical for many SSA settings.lz’13
EPOCH is a more recent strategy in high-income countries
to address some of these challenges.®*!! We provide the first
detailed prospective data describing specific application of
the EPOCH regimen in a low-income country in SSA, with
modifications as required by the setting. We previously re-
ported possibly improved outcomes for higher-intensity
treatment among adolescents and adults with BL in Malawi,
using EPOCH or high-dose methotrexate-based treatment vs
CHOP." The current paper includes the four patients with
BL treated with EPOCH reported earlier, but with more de-
tailed data regarding EPOCH implementation, dose intensity,

IS

HIV-Status

s~ Negative

w

—e— Positive

Mean ANC [SE]

3 4 5 6
Cycle number

N'recerving 17 17 15 12 10 8

chemotherapy

Z"fr‘;iﬁa(;‘ncyc'e 21 22 21 21 21 29

i SN 13,63] | [14,39] | [8.35] | [7.41] | [14,43] | [29,29]
FIGURE 1 Mean absolute neutrophil count during modified

EPOCH in Lilongwe, Malawi

TABLE 2 Treatment course and toxicities among patients receiving modified EPOCH in Lilongwe, Malawi

Cycles Patients
All HIV+ HIV—- All HIV+ HIV-—
(n = 83) (n = 50) (n=33) mn=17) m=11) mn=6)
Median NCI protocol dose level ~ +1 (=2 to +4) +1(-2to+2) +1(-2to +4) — — —
(range)
Neutropenia < 1.0 X 103/pL, 22 (27) 14 (29) 8 (24) 11 (65) 7 (64) 4(67)
n (%)
Neutropenia < 0.5 X 103/uL, 4.(5) 24 2 (6) 3(18) 2 (18) 1(17)
n (%)
Thrombocytopenia < 50 X 10%/ 2(2) 0(0) 2 (6) 2 (12) 0 (0) 2 (33)
uL, n (%)
Febrile neutropenia 1(1) 0 (0) 1(3) 1(6) 0(0) 1(17)
Non-hematologic grade 3/4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

adverse events, n (%)

Abbreviation: NCI, National Cancer Institute.
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TABLE 3 Outcomes among patients receiving modified EPOCH in Lilongwe, Malawi

Complete response, n (%)

Follow-up months among pa-
tients still alive, median (range)

1-y overall survival (95% CI)

1-y progression-free survival
(95% CI)

All patients
m=17)

10 (59)
14.4 (2.3, 33.9)

62% (42%-91%)
50% (30%-82%)

HIV+
(n=11)

7 (64)
12.9 (2.3,29.3)

58% (34%-100%)
48% (25%-94%)

HIV—
(n = 6)

3(50)

17.3 (13.9, 33.9)

67% (38-100)
50% (22%-100%)

PBL

(n=38)

337

15.6 (2.3,29.3)

43% (18%-100%)
29% (9%-93%)
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BL

(n =8)

7(87)

14.4 (4.9, 33.9)

75% (50%-100%)
75% (50%-100%)

Deaths, n (%) 8 (47) 5 (45) 3 (50) 4 (50) 3(37)
Treatment-related deaths, n (%) 3 (18) 2 (18) 1(17) 2 (25) 1(12)
A 1-yoverall survival B 1-y progression-free survival
1.00 1 1.00 A
0.75 1 0.75
3 2
<] <]
S 0.50 1 S 0.50 1
S g
2 2
> 3
%] »
0.25 4 0.25
0.00 4 0.00 4
0 3 6 9 12 0 3 6 9 12
Time (months) Time (months)
Number at risk Number at risk
17 15 10 10 8 || 17 13 8 7 6

FIGURE 2 A, Overall survival. B, Progression-free survival. Kaplan-Meier survival estimates with 95% confidence intervals among patients

receiving modified EPOCH in Lilongwe, Malawi

toxicity, and efficacy in a larger cohort of patients, to inform
potential application of this approach in contexts similar to
Malawi. Modified EPOCH appeared to be feasible and ef-
fective in a small cohort of HIV-positive and HIV-negative
patients with BL, PBL, and PEL in Malawi, even under pub-
lic sector conditions and without hematopoietic growth factor
support, although treatment-related mortality was significant.
Responses and outcomes in patients receiving EPOCH may
be better than in patients historically receiving CHOP, in-
cluding 23% overall survival at 2 years for adolescents and
adults treated with CHOP in Malawi.'*! Neutropenia was
common, which is an intended consequence of EPOCH
administration, making dose escalation challenging for
most patients. Despite standardized anti-infective prophy-
laxis to mitigate neutropenia risks, three patients died from

treatment-related complications. Treatment-related mortal-
ity, however, did not markedly differ from experience with
CHORP in our setting.m’ls’21

To our knowledge, this is the first study describing at-
tempted EPOCH application for high-risk NHL in SSA, pri-
marily in patients with BL or PBL. Study strengths include
prospective design, protocol-guided treatment, standardized
clinical and toxicity assessment, and complete vital status
and response assessment. Study limitations are small cohort
size enrolled at a single institution with limited follow-up,
and real-world resource and logistical constraints imposed
by the health care system in one of the economically poor-
est countries in the world. In conclusion, however, our ex-
perience suggests infusional cytotoxic approaches, with
setting-appropriate modification, may be a partial solution
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to improve outcomes for aggressive NHL subtypes in SSA,
which have historically done very poorly using conventional
approaches. EPOCH may be a particularly valuable strategy
in SSA as health systems improve and provide better sup-
portive care infrastructure, including routine availability of
hematopoietic growth factors, to allow administration, moni-
toring, and dose intensity that better approximate EPOCH as
used in high-income countries. Application and adaption of
the EPOCH regimen therefore deserves further multicenter
evaluation specifically in SSA to address this major ongoing
clinical need.
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