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Treatment of Burkitt Lymphoma/Leukemia (BL/L) in adults has evolved from the use of pediatric inspired regimens (CODOX-M/
IVAC, hyper-CVAD, GMALL) to the use of lower intensity EPOCH regimens. The addition of rituximab has led to improvements in
overall survival. Survival with these regimens in the real world was shown to be inferior as compared to those found in the
prospective trials. In low- and middle-income country (LMIC) settings, unique problems like delays in seeking care, treatment-
related toxicities, and treatment abandonment may hamper outcomes. We performed this retrospective multicenter analysis
amongst eight centers in India, to study the disease characteristics, treatment patterns, outcomes, and prognostic factors for BL/L.
Between 2012–2019, 265 patients were treated at these centers. Common regimens were methotrexate-based (N – 108(40.7%)) and
EPOCH-based (N – 103(38.8%)). After a median follow-up of 42 months, 3-year event-free and overall survival were 58% (95% CI:
55–61%) and 66% (95%CI: 63–69%) respectively. In a propensity matched analysis comparing methotrexate-based protocol and
EPOCH-based protocol, the EFS and OS were similar with both the protocols. EPOCH based protocol yielded inferior outcomes in
patients with bone marrow, and central nervous system involvement. Factors like rituximab incorporation, baseline ECOG PS 0–2,
lower serum LDH, early stage(I/II), achievement of complete response (CR) and low/intermediate BL-IPI risk scores were associated
with better survival. However, on multivariable analysis, major factor impacting outcome was achievement of CR.
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INTRODUCTION
Burkitt lymphoma and leukemia (BL/L) is a highly aggressive B-cell
non-Hodgkin lymphoma (NHL) and constitutes less than 2% of all
NHLs [1]. In India, the sporadic and Human Immunodeficiency
Virus(HIV) related subtypes are the main subtypes of BL/L [1–3].
Treatment protocols like Magrath regimen-, CODOX-M/IVAC [4],
hyper-CVAD [5], LMB [6] and BFM [7] are based on the principle of
short-course, intensive, non-cross-resistant alternating chemother-
apy. In the paediatric setting, these approaches have shown
excellent outcomes, with protocols like BFM90 and LMB89
resulting in 6 year event free survival(EFS) of 89%(95%CI:
87–91%) [7] and 5 year overall survival(OS) of 92.5%(95%CI:
90–94%) [8] respectively. On the other hand, similar regimens
when used in the adult setting have resulted in inferior outcomes,
with the Magrath regimen, hyper-CVAD and LMB protocol
resulting in 2 year OS of 72.8% (95% CI: 59.4% to 86.3%) [9], 3

year OS of 49% (95%CI: 38–60%) [5] and 2 year OS of 70% (95%CI:
59–81%) [6] respectively. Addition of rituximab has resulted in an
improvement in overall survival in the Magrath regimen, hyper-
CVAD protocol and LMB protocol by 11%, 36%, 13% respectively
[10–12]. Incorporation of rituximab also has given the opportunity
to reduce the dose of methotrexate in the Magrath regimen and
the GMALL-B-ALL/NHL-2002 protocol without decrease in efficacy
[11–14]. These protocols are associated with increased treatment
related toxicities. Use of high dose methotrexate in these
regimens makes it challenging in the setting of renal dysfunction,
effusions and ascites. Recently, low intensity regimen of dose-
adjusted cyclophosphamide, etoposide, prednisone, vincristine,
doxorubicin and rituximab(DA-EPOCH-R) has gained increasing
interest. Use of this regimen was pioneered by the National
Cancer Institute(NCI) based on the concept of maintaining
continuous drug exposure, aiming to induce genotoxic stress in
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Table 1. Baseline characteristics.

Variables Treated (N- 265) Untreated (N-55) P value

Age(years) Median 38 42 0.023

IQR 25–48 32–52

Range 14–101 15–78

Sex – Male (%) 199 (75.1) 41 (74.5) 0.932

Female (%) 66 (24.9) 14 (25.5)

ECOG – PS: 0–2 (%) 184 (69.4) 19 (34.5) 0.333

3–4 (%) 43 (16.2) 7 (12.7)

Not available 38 (14.3) 29 (52.7)

HIV Status – Positive (%) 38 (14.3) 11 (20.0) 0.226

Negative (%) 219 (82.6) 40 (72.7)

Not available(%) 8 (3) 4 (7.3)

ART usage: 0.419

ART Yes (%) 30 (78.9) 6 (54.5)

ART No (%) 8 (21.1) 3 (27.3)

Not available (%) 0 (0) 2 (3.6)

(N – 38) (N – 11)

CD4 Count(cells/mm3) 0.733

Median 228 237

IQR 134–450 209–306.0

N 34 6

B Symptoms at baseline (%)

Yes 100 (37.7) 8 (14.5) 0.143

No 118 (44.5) 18 (32.7)

Not available 47 (17.7) 29 (52.7)

Surgical abdomen at presentation Obstruction(%) 23 (8.7) 5 (9.1) 1.0

Perforation(%) 3 (1.1) 0 (0.0)

BM status – Positive (%) 68 (25.8) 15 (27.8) 0.014

Negative (%) 183 (69.3) 16 (29.6)

Not available(%) 14 (5.3) 24 (43.6)

CNS Status – Positive (%) 33 (12.5) 4 (7.3) 0.756

Negative (%) 185 (69.8) 18 (32.7)

Not available(%) 47 (17.7) 33 (60.0)

(Positive by cytology/flowcytometry)

EN involvement – Yes (%) 208 (78.5) 23 (41.8) <0.001

No (%) 56 (21.1) 31 (56.4)

Not available (%) 1 (0.3) 1 (1.8%)

Stage – I/II (%) 69 (26.0) 7 (12.7) 0.400

III/IV (%) 176 (66.4) 26 (47.3)

Not available (%) 20 (7.5) 22 (40.0)

Burkitt Leukemia (%) 13 (4.9) 2 (3.6) 1.000

Burkitt lymphoma (%) 252 (95.1) 53 (96.4)

Serum Albumin (g/dl) Median (IQR) 3.70 (3.2–4.2) 3.8 g/dl (3.4–4.2) 0.147

LDH

>ULN 202 (76.2) 36 (65.5) 0.96

≥3X ULN 92 (34.7) 15 (27.3) 0.675

TLS at presentation –

Yes (%) 48 (18.1) 8 (14.5) 0.181

No (%) 187 (70.6) 17 (30.9)

Not available(%) 30 (11.3) 30 (54.5)

BL – IPI(25):

Low risk (0 risk factors) 54 (20.4) 3 (5.5) 0.027

Intermediate risk (1 risk factor) 98 (37.0) 22 (40.0)

High risk (2 or more risk factors) 113 (42.6) 30 (54.5)

Values in bold represent statistically significant p values (< 0.05).
IQR Interquartile range, ECOG – PS Eastern Cooperative Oncology Group – Performance status, HIV Human Immunodeficiency Virus, ART Antiretroviral therapy,
BM Bone marrow, CNS Central nervous system, EN Extranodal, LDH Lactate dehydrogenase, ULN Upper limit of normal, TLS Tumour lysis syndrome, BL-IPI Burkitt
lymphoma – IPI score
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Table 2. Comparison of the baseline characteristics between the HIV positive and negative patients.

HIV positive (N - 38) HIV negative (N – 219) P value

Age(years) Median 41.0 36.0 0.183

IQR 35.0–46.0 24.0–49.0

Range 16–55 14–101

Sex – Male (%) 25 (65.8) 167 (76.3) 0.171

Female (%) 13 (34.2) 52 (23.7)

ECOG – PS: 0–2 (%) 27 (71.1) 152 (69.4) 0.845

3–4 (%) 7 (18.4) 36 (16.4)

Not available 4 (10.5) 31 (14.2)

B Symptoms at baseline (%) 0.676

Yes 14 (36.8) 83 (37.9)

No 19 (50.0) 96 (43.8)

Not available 5 (13.2) 40 (18.3)

Surgical abdomen at presentation Obstruction (%) 0 23 (10.5) -

Perforation (%) 0 3 (1.4)

Bone marrow – Positive (%) 13 (34.2) 52 (23.9) 0.211

Negative (%) 24 (63.2) 154 (70.6)

Not available (%) 1 (2.6) 13 (5.9)

CNS Status – Positive (%) 8 (21.1) 23 (10.5) 0.035

Negative (%) 19 (50.0) 162 (74.0)

Not available (%) 11 (28.9) 34 (15.5)

(Positive by cytology/flowcytometry)

EN involvement – Yes (%) 33 (86.8) 168 (76.7) 0.176

No (%) 5 (13.2) 50 (22.8)

Not available (%) 0 (0.0) 1 (0.5)

Stage – I/II (%) 4 (10.5) 63 (28.8) 0.010

III/IV (%) 33 (86.8) 137 (62.6)

Not available(%) 1 (2.6) 19 (8.6)

Burkitt Leukemia (%) 2 (5.3) 11 (5.0) 1.0

Burkitt lymphoma (%) 36 (94.7) 208 (95.0)

Albumin (g/dl) 0.006

Median 3.50 3.80

IQR 2.50–4.0 3.20–4.20

Serum LDH

>ULN(%) 32 (84.2) 170 (77.6) 0.52

≥3XULN(%) 19 (50.0) 72 (32.9) 0.033

TLS at presentation

Yes (%) 8 (21.1) 40 (18.3) 0.765

No (%) 27 (71.1) 154 (70.6)

Not available 3 (7.9) 25 (11.4)

Chemotherapy protocols

Methotrexate based protocol(%) 2 (5.6) 103 (47.0) <0.001

EPOCH based protocol(%) 29 (80.6) 71 (32.4)

Others(%) 3 (7.8) 40 (18.2)

Default/Details not available(%) 4 (10.5) 5 (2.3)

Use of Rituximab

Yes(%) 29 (76.3) 176 (80.4) 0.493

No(%) 9 (23.7) 41 (18.7)

Not available(%) 0 (0.0) 2 (0.9)

BL – IPI(25)(%)

Low risk (0 risk factors) 7 (18.4) 45 (20.5) 0.217

Intermediate risk (1 risk factor) 10 (26.3) 85 (38.8)

High risk (2 or more risk factors 21 (55.3) 89 (40.6)

Values in bold represent statistically significant p values (< 0.05).
IQR Interquartile range, ECOG – PS Eastern Cooperative Oncology Group – Performance status, HIV Human Immunodeficiency Virus, EN Extranodal, LDH Lactate
dehydrogenase, ULN Upper limit of normal, TLS Tumour lysis syndrome, ART Antiretroviral therapy, BL-IPI Burkitt lymphoma – IPI score.
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the rapidly dividing BL/L cells [15, 16]. The use of DA-EPOCH-R
resulted in 86 month OS of 100%(95% CI: 82–100%) in the NCI trial
[15] and a 4 year OS of 87.0% (95% CI: 79–92%) in the multicenter
trial by Roschewski et al. [17] with lower treatment related
mortality rate of 4% [17]. It was noted that in the presence of CNS
and bone marrow involvement, this regimen performed inferiorly
[17]. The two approaches were compared in a clinical trial by the
HOVON-SAKK group. The trial although terminated prematurely,
showed that the Magrath regimen(R-CODOX-M/R-IVAC) and the
DA-EPOCH-R regimen when used in a population with high risk
BL/L(as per Mead’s risk stratification) [9] resulted in 2 year OS of
76% (95%CI: 60–86%) and 75% (95%CI: 59–86%) respectively [18].
Being a rare disease, randomised controlled trials are few. Till

now, there have been only two randomised controlled trials in
BL/L [12, 18]. Most of the prospective trials in BL/L, have
included small number of patients and there is a concern if the
trial results can be replicated in the real-world. The recent
publication from 30 centres of the United States of America has
shown that the outcomes in real world are poorer as compared
to those reported in clinical trials [19]. Thus, evaluating the real
world outcomes of these patients in our setting becomes
relevant, especially because of the unique issues in our health
care like delays in treatment initiation, poor tolerance to
treatment resulting in dose compromise and treatment aban-
donment. This analysis can help us identify the appropriate
regimen for our patients as well as the relevant research
questions that can be addressed by future prospective clinical
trials.

METHODS
This retrospective multicenter study collected data from eight- member
centers of Hematology Cancer Consortium (HCC) (www.hemecancer.org).
All the consecutive patients with histologically proven BL/L(including HIV
positive patients) aged more than 14 years, who were registered at the
participating centres between Jan 2012 to December 2019 were enrolled
in the study. Patients who received prior treatment (except steroids for less
than 2 weeks and/or cyclophosphamide (≤2 doses) or surgery for
obstruction or perforation) were excluded from the analysis.

Diagnosis and treatment
Histopathological diagnosis of BL/L was established from an excisional/
incisional/core or formalin-fixed paraffin block or peripheral blood in case
of leukemic spill. Diagnosis of BL was considered based on the presence of
medium sized tumour cells in a diffuse pattern in the biopsy. Moreover, for
confirmation, immunohistochemistry and immunophenotyping (in case of
Burkitt leukemia in bone marrow or peripheral blood sample) indicating
positive expression of germinal centre markers(CD10 and BCl6) and B Cell
antigens(CD19, CD20, CD22, CD79a and PAX5) and negative expression of
Cyclin D1, CD5, CD23, BCl2, CD138 and TdT [20, 21] was required. Diagnosis

was established by the individual institutional pathology team without
central pathology review. Staging methods included non-contrast whole
body Fluorodeoxyglucose (FDG) Positron Emission Tomography (PET) or
contrast enhanced computed tomography (CECT) Thorax, Abdomen and
Pelvis. In addition, a bone marrow assessment with aspiration, morphology
with or without flowcytometry and histopathology was also performed for
staging. CNS assessment was performed with cerebrospinal fluid cytology
and/or flowcytometric assessment.
Patients received treatment as per the institutional guidelines and

treating oncologist’s discretion. Broadly, patients received the following
regimens (Supplementary Table 1) –

● High dose Methotrexate based: modified GMALL-B-ALL/NHL-2002
protocol [14], modified LMB-89 protocol [22], R-MPV [23] protocol.

● Dose adjusted EPOCH – R: DA-EPOCH-R or short course EPOCH-RR(sc-
EPOCH-RR) [15].

● Others: CHOP, COP, RCHOP, RDHAP, Rituximab+MCP842.

Response was assessed at interim after 2 cycles of chemotherapy and if
not in complete response (CR) then at the end of treatment. Response
assessment using PETCT and CT scan was reported as per the Lugano
response criteria [24]. In patients with Burkitt leukaemia, in addition to the
radiological complete response, absence of disease in bone marrow either
at the interim or end of therapy was required to document as complete
response.

Variables and endpoint
Investigators collected detailed demographic, clinicopathologic and out-
come data in an electronic database. Serum LDH was standardized relative
to the institutional upper limit of normal (ULN). Other variables which were
collected included: Performance status as per Eastern Cooperative
Oncology Group(ECOG), Human Immunodeficiency Virus(HIV) status,
antiretroviral therapy(ART) usage and CD4 count in the HIV positive
patients, baseline B symptoms, surgery prior to presentation, bone marrow
and CNS involvement status, extranodal involvement, and albumin values.
The Burkitt Lymphoma International Prognostic Index(BL-IPI)was calculated
from the variables entered in the database [25]. Primary endpoint for the
study was event-free survival (EFS). Secondary endpoints were overall
survival(OS) and treatment related mortality(TRM). EFS was defined as the
time from the date of diagnosis until the date of progression, lack of
response, death due to any cause, or last follow-up. OS was defined as the
time from date of diagnosis until the date of death due to any cause or last
follow up. TRM was defined as death due to treatment – related adverse
event excluding disease related mortality.

Statistical analysis
We described the distribution of continuous variables using mean,
median and interquartile ranges and compared them between groups
using the two-sample independent t-test or Mann-Whitney U test;
categorical variables were tabulated and compared using the chi-
square/Fisher’s exact test. OS and EFS were estimated using the
Kaplan-Meier method. Median follow-up was determined by reverse
Kaplan-Meier method. Parameters which were evaluated for prognostic
significance included age, use of rituximab, ECOG PS at presentation,
baseline serum LDH value, HIV status, baseline bone marrow involve-
ment, baseline CNS involvement, stage at presentation, BL-IPI risk
stratification, type of chemotherapy used, dose compromise or delays
and end of treatment response. Univariate analysis for EFS and OS were
performed using cox-regression analysis. Parameters independently
associated with EFS and OS was determined using multivariable
analysis by cox-regression analysis. Univariate and multivariable
logistic regression models were used to assess the association between
the clinical variables and achievement of CR. Odds ratios and
corresponding 95% confidence intervals (CI) were estimated for each
variable. A propensity matched (PSM) analysis was performed to
compare the survival of patients receiving methotrexate-based proto-
col and EPOCH-based protocol. For propensity score calculation
following variables were selected using a binary regression model:
age, gender, HIV status, serum albumin, bone marrow involvement and
CNS involvement. Patients receiving methotrexate-based protocol
were matched 1:1 with those receiving EPOCH-based protocol using
the propensity variable with a caliper control 0.25. All statistical
analyses were carried out with IBM SPSS Statistics version
21.0 software.

Table 3. Chemotherapy protocols.

Chemotherapy
protocols

Overall population
(N-265)

HIV positive
(N-38)

Methotrexate baseda 108 (40.7%) 2 (5.3%)

DA-EPOCH-R 103 (38.8%) 29 (76.3%)

Others 43 (16.2%)b 3 (7.8%)c

Lost to follow-up 7 (2.6%) 2 (5.2%)

Details not available 4 (1.5%) 2 (5.3%)

HIV Human Immunodeficiency Virus, DA-EPOCH-R dose-adjusted cyclopho-
sphamide, etoposide, prednisone, vincristine, doxorubicin and rituximab
aModified GMALL-B-ALL/NHL-2002 protocol [14], Modified LMB-89 proto-
col [22], R-MPV protocol,
bCHOP, COP, Oral chemotherapy, CHOP E, RCHOP – RDHAP, MCP 842 +
Rituximab, COMP.
cCHOP.
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Table 4. Comparison between baseline characteristics between patients who received Methotrexate based chemotherapy and EPOCH
chemotherapy.

Variables Methotrexate based chemotherapy
(N – 108)

EPOCH based chemotherapy
(N - 103)

P value

Age(years) Median 28 43 <0.001

IQR 19–40 34–50

Range 15–63 14–76

Sex – Male (%) 94 (87.0) 70 (68.0) 0.001

Female (%) 14 (13.0) 33 (32.0)

ECOG – PS: 0–2 (%) 74 (68.5) 81 (78.6) 0.914

3–4 (%) 14 (13.0) 16 (15.5)

Not available (%) 20 (18.5) 6 (5.8)

HIV Status – Positive (%) 2 (1.9) 29 (28.2) <0.001

Negative (%) 103 (95.4) 71 (68.9)

Not available (%) 3 (2.8) 3 (2.9)

ART usage: HIV+ve 2 29 0.301

ART Yes 1 (50.0) 25 (86.2)

ART No 1 (50.0) 4 (13.8)

CD4 Count (cells/mm3) Median 88.0a Median –237.0 0.061

IQR 42.0–134.0a IQR – 176.0–450.0

Range 42.0–134.0a Range – 46–1115

(N – 2)a (N - 26)

B Symptoms at baseline 45 (41.7) 38 (36.9) 0.097

Surgical abdomen at presentation Obstruction (%) 13 (12.1) 9 (8.7) 0.670

Perforation (%) 1 (0.9) 1 (1.0)

Bone marrow – Positive (%) 34 (31.5) 18 (17.5) 0.020

Negative (%) 70 (64.8) 80 (77.7)

Not available (%) 4 (3.7) 5 (4.9)

CNS Status – Positive (%) 17 (15.7) 7 (6.8) 0.033

Negative (%) 73 (67.6) 81 (78.6)

Not available (%) 18 (16.7) 15 (14.6)

(Positive by cytology/flowcytometry)

EN involvement – Yes (%) 84 (77.8) 83 (80.6) 0.615

No (%) 24 (22.2) 20 (19.4)

Stage – I/II (%) 31 (28.7) 25 (24.3) 0.416

III/IV (%) 70 (64.8) 73 (70.9)

Not available (%) 7 (6.5) 5 (4.8)

Burkitt Leukemia (%) 9 (8.3) 2 (1.9) 0.037

Albumin(g/dl) Median 4.1 3.5 <0.001

IQR 3.5–4.4 3.1–4.0

Range 2.0–5.0 2.0–5.20

Serum LDH (%)

>ULN (%) 81 (75.0) 75 (72.8) 0.361

≥3X ULN (%) 40 (37.0) 27 (26.2) 0.215

TLS – Yes (%) 24 (22.2) 17 (16.5) 0.313

No (%) 75 (69.4) 76 (73.8)

Not available (%) 9 (8.3) 10 (9.7)

BL – IPI(25):

Low risk (0 risk factors) 31 (28.7) 19 (18.4) 0.183

Intermediate risk (1 risk factor) 42 (38.9) 42 (40.8)

High risk (2 or more risk factors) 35 (32.4) 42 (40.8)

Rituximab – Yes (%) 97 (89.8) 89 (86.4) 0.444

Dose compromise/delays

Yes 33 (31.4) 36 (36.4) 0.457

Dose levels Not applicable Dose level -2 and -1: 0 (0.0)

Dose level 1:64 (77.1)

Dose level 2:8 (9.6)

Dose level 3:5 (6.0)

Dose level 4:3 (3.6)

Dose level 5:3 (3.6)
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RESULTS
Patient and disease characteristics
A total of 320 patients were registered during the study period
(Jan 2012 to December 2019). Among them, 265 patients
underwent treatment. The baseline characteristics of the treated
and untreated populations were similar for most of the
parameters (Table 1). In the treated population, median age was
38 years (Range: 14–101 years), 75% were men and 16% had
reduced functional status (PS 3 or 4).
Sixty-nine patients (26%) were categorized as stage I/II, while

176 patients (66.4%) were stage III/IV. Bone marrow or peripheral
blood involvement was seen in 25% (n= 68 patients), CNS
involvement in 12.5% (n= 33 patients) and extranodal involve-
ment in 78.5% (n= 205 patients). Most common extranodal sites
apart from bone marrow and CNS were gastrointestinal tract (GI)
(19.1%), soft tissue (12.9%) and liver (5.7%). Tumor lysis syndrome
at presentation was identified in 48 patients (18.1%).
Out of the total treated patient population(n= 265), 38 (14%)

were diagnosed with HIV, with 30 of them having initiated or
previously been on ART. The median CD4 count was 228 (IQR:
134–450) cells/mm3. Nearly 90% of the HIV-positive patients were
either stage III or IV, whereas this was 60% among those who were
HIV negative (p – 0.010). Bone marrow involvement (34.2% vs
23.9%; p – 0.211) and CNS involvement (21.1% vs 10.5%; p – 0.035)

was more common in the HIV positive patients than in the HIV
negative patients. Raised serum LDH was seen more in HIV
positive patients (LDH ≥ 3X ULN 50% vs 32.9%; p – 0.033). Median
serum albumin was significantly lower in the HIV positive patients
(Median – 3.5 vs 3.8 g/dl; p – 0.006). All other baseline parameters
were similar between HIV positive and negative groups (Table 2).

Treatment details
Among 265 patients, 35 patients underwent surgery, 34 of them
were performed prior to initiation of chemotherapy. There were
23 and 3 patients who presented with obstruction and perforation
respectively. Prephase chemotherapy was administered in
203(76.6%).
Overall, methotrexate-based multiagent protocols were used in

108 patients (40.7%) and EPOCH-based protocol was used in 103
patients (38.8%). The distribution of chemotherapy protocols used
in our cohort is summarized in Table 3. Rituximab was
incorporated in the chemotherapy for 211 patients (79.6%).
Median number of Rituximab doses were 6 (range: 1–11). Dose
compromise/delays were seen in 74 patients (27.9%) and the most
common reason was toxicity to therapy (58 patients, 74%).
Patients who received EPOCH based protocol were older in

comparison to methotrexate-based protocols (median age: 44
versus 28 years). Methotrexate based protocols were preferentially

Table 4. continued

Variables Methotrexate based chemotherapy
(N – 108)

EPOCH based chemotherapy
(N - 103)

P value

Toxicity(%) Febrile neutropenia 74 (77.1) 54 (54.0) 0.001

Neuropathy 11 (12.6) 13 (13.7) 0.836

Infusional reactions 10 (11.6) 2 (2.1) 0.010

Skin toxicity 10 (11.6) 4 (4.2) 0.062

TLS 6 (6.8) 6 (6.3) 0.891

Pulmonary toxicity 5 (5.8) 1 (1.1) 0.103

Venous thrombosis 1 (1.2) 1 (1.0) 0.726

Cardiomyopathy 1 (1.2) 0 (0) 0.472

Values in bold represent statistically significant p values (< 0.05).
IQR Interquartile range, ECOG – PS Eastern Cooperative Oncology Group – Performance status, HIV Human Immunodeficiency Virus), ART Antiretroviral therapy,
EN Extranodal, NA Not available, LDH Lactate dehydrogenase, ULN Upper limit of normal, TLS Tumour lysis syndrome, BL-IPI Burkitt lymphoma – IPI score.
aPatient 1: 42 cells/mm3, Patient 2: 134 cells/mm3.

Total 265 pa�ents

CR – 145 pa�ents PR – 11 pa�ents SD – 3 pa�ents PD – 44 pa�ents

Details not available – 10 
Default – 27
Self referred – 8 
Developed AML - 1
Death due to toxicity(before 
assessment) – 16

Death - 7 
LFU – 41

Death – 0
LFU – 0

Death – 28
LFU – 12

Total LFU: 98(37%)

Death - 3 
LFU – 3

Fig. 1 Treatment flow. AML Acute myeloid leukemia, CR Complete response, PR Partial response, SD Stable disease, PD Progressive disease,
LFU Lost to follow-up.
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administered in patients with bone marrow involvement, CNS
involvement or Burkitt leukemia. Patients who received EPOCH
based protocol had lower baseline serum LDH and median
albumin levels in comparison to patients who received
methotrexate-based protocols. Median number of cycles of
chemotherapy administered were 6(Range: 1–6) for
methotrexate-based protocols and 6 (Range – 1–8) for EPOCH
based protocols. Rituximab was incorporated in 89% and 85.66%
of patients receiving methotrexate-based protocols and EPOCH
based protocol respectively. Dose compromise/delays were seen
in 31.1% and 36% of the patients who received methotrexate-
based protocols and EPOCH based protocol respectively. In the
patients who received EPOCH based protocol, maximum dose
level achieved were -level 1in 77.1%, level 2 in 9.6%, level 3 in 6%
and level 4 in 3.6%. Comparison between methotrexate-based and
EPOCH based protocol is summarized in Table 4.
Patients with HIV positivity predominantly received EPOCH

based protocol (29 patients (76.3%)) which was either short
course-EPOCH-RR (sc-EPOCH-RR)(6 patients) or DA-EPOCH-R(23
patients) depending on the institutional practice at the member
centers. Rituximab was incorporated in the chemotherapy
protocol in 29 (76.3%) out of the 38 HIV positive patients.

Efficacy
Amongst the 265 treated patients, complete response was
achieved in 145 patients (CR rate – 54%), with 11 patients
achieving partial response, making the overall response rate 58%.
Forty-four patients (16.6%) had primary refractory disease and 3
had stable disease. There were 35 patients (13%) who did not

continue treatment after initiation of treatment, treatment details
were not available in 10 patients (3.7%), and 1 patient developed
acute myeloid leukemia (AML) while on treatment. In addition,
there were 16 deaths (6.0%) before the first clinical assessment.
These details are summarized in the flowchart (Fig. 1).
After a median follow-up of 42 months, there were 99 patients

who had an event as per the EFS definition and there were 77
deaths. Amongst the 99 events, 21 were relapse, 30 had
progression, 3 had less than partial response and 45 had died.
These details are summarized in Fig. 2. Median time to relapse and
progression was 4 months (IQR: 3–6 months). Amongst the 77
deaths, 19(24.6%) were due to toxicity and 56(72.7%) were due to
progressive/relapsed disease. The 3-year EFS and OS for the
overall population was 58% (95% CI: 55–61%) and 66% (95%CI:
63–69%) respectively. The 3-year EFS and OS of the HIV positive
population was 54% (95%CI: 46–62%) and 66% (95%CI: 58–74%)
respectively. The 3-year EFS and OS for patients with stage I/II
were 73% (95%CI: 68–78%) and 78% (95%CI: 73–83%) whereas for
stage III/IV were 54% (95%CI: 50–58%) and 63% (95%CI: 59–67%)
respectively. Survivals did not differ with the use of methotrexate-
based or the EPOCH-based protocols. Comparison of EFS and OS
between the different subgroups is summarized in Supplementary
Table 2. Kaplan-Meier curves of the overall population and
different subgroups are in Fig. 3 and Supplementary Figs. 1–3.

Toxicity
The most common toxicity encountered in our cohort was febrile
neutropenia (58.8%), neuropathy (10.4%), tumor lysis (7.1%), skin
toxicity (5.8%), infusion reactions (5.4%) and pulmonary toxicity

Fig. 2 Details of the events and deaths of overall population and subgroups. PD Progressive disease, EPOCH Infusional Etoposide,
Prednisone, Vincristine, Cyclophosphamide, Doxorubicin, EFS Event free survival, OS Overall survival.
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(3.3%). Cardiomyopathy occurred in 1 patient and venous
thrombosis occurred in 2 patients. Data on mucositis was not
available from the database. TRM was observed in 19 patients
(7.2%) in the overall cohort.
On comparison between the methotrexate-based and EPOCH

based protocols, there were more occurrences of febrile
neutropenia, infusion reactions, skin toxicity and pulmonary
toxicity in the former than in the latter (Table 4). Incidence of
neuropathy was similar in both the chemotherapy protocols. TRM

in the methotrexate-based and EPOCH-based protocols were seen
in 8(7.3%) and 5(4.8%) patients respectively.

Prognostic factors
For determining the prognostic factors, we performed the
univariate analysis using cox proportional hazards model in the
subset of patients who received chemotherapy protocols
which are known to be effective in Burkitt lymphoma/leukemia
(EPOCH based protocol and methotrexate-based protocol;

Fig. 3 EFS and OS Kaplan-Meier curves of overall population and subgroups. A, B EFS and OS of overall population. C, D EFS and OS
according to the chemotherapy protocols used (Methotrexate based vs EPOCH based vs Others). E, F EFS and OS according to the end of
treatment remission status (CR vs PR vs no CR/PR). EFS event-free survival, OS overall survival, EPOCH Etoposide, Prednisone, Vincristine,
Cyclophosphamide and Doxorubicin continuous infusion, CR complete response, PR partial response, Neither CR/PR includes stable disease
and progressive disease.
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N= 208). The factors which were associated with better
survival(EFS and OS) included the use of rituximab, baseline
PS 0–2, baseline serum LDH value < 3xULN, uninvolved bone
marrow, stage of I/II, baseline low and intermediate BL-IPI risk
stratification and achievement of CR. Comparison of the
methotrexate-based protocols with EPOCH-based protocol by
univariate analysis did not show a significant difference in the
survivals (Table 5). We performed an additional subgroup
analysis to determine the impact of the baseline bone marrow
and/or CNS status and the chemotherapy protocols used on
the survival. Use of EPOCH based protocol in patients with

baseline BM/CNS involvement had an adverse impact on the
EFS and OS (Supplementary Table 3). On multivariable analysis,
achievement of CR was the strongest prognostic factor for EFS
and OS. In addition, a baseline LDH> 3xULN was independently
prognostic for the OS (Table 6). We performed logistic
regression analysis to determine factors which could predict
a CR response. However, none of the baseline factors (age, PS,
HIV status, B symptoms, bone marrow involvement, CNS
involvement, stage, rituximab use, serum LDH, serum albumin)
could predict the occurrence of a CR response by univariate
logistic regression.

Table 5. Univariate analysis for EFS and OS.

Variables EFS OS

HR (95% CI) P Value HR (95% CI) P Value

Age (n= 208)

<=40(125) 0.89 (0.54,1.45) 0.656 0.76 (0.43,1.32) 0.337

>40(83) Ref - - -

Rituximab use (n= 208)

Yes (184) 0.63 (0.33,1.25) 0.639 0.46 (0.23,0.92) 0.030

No (24) Ref - Ref -

ECOG - PS(n= 182)

0–2 (153) 0.50 (0.27,0.93) 0.031 0.48 (0.27,0.84) 0.011

3–4 (29) Ref - Ref -

Dose compromise/delays (n= 204)

Yes (69) 1.33 (0.80,2.19) 0.261 1.12 (0.63,2.01) 0.688

No (135) Ref - Ref -

LDH >=3xULN (n= 195)

Yes (66) 3.0 (1.81,4.95) < 0.001 3.1 (1.66,6.00) <0.001

No (129) Ref - Ref -

HIV (n= 202)

Positive (30) 1.05 (0.53,2.06) 0.884 0.92 (0.41,2.06) 0.854

Negative (172) Ref - Ref -

CNS involvement (n= 176)

Yes (24) 1.63 (0.84,3.16) 0.141 1.13 (0.47,2.69) 0.774

No (152) Ref - Ref -

BM involvement (n= 199)

Yes (52) 2.13 (1.28,3.53) 0.003 1.68 (0.92,3.09) 0.090

No (147) Ref - Ref -

Stage(n= 196)

1,2 (55) 0.44 (0.22,0.86) 0.018 0.47 (0.22,1.02) 0.059

3,4 (141) Ref - Ref -

Regimen (n= 208)

Methotrexate based (107) 0.89 (0.55,1.45) 0.663 0.74 (0.43,1.31) 0.311

EPOCH based (101) Ref - Ref -

Response assessment(n= 169)

CR (133) 0.06 (0.03,0.12) < 0.001 0.03 (0.01,0.07) <0.001

No CR (36) Ref - Ref -

BL-IPI Risk stratification(n= 208)

Low risk (49) 0.28 (0.13,0.62) 0.002 0.20 (0.07,0.60) 0.004

Intermediate risk (83) 0.53 (0.31,0.91) 0.023 0.74 (0.41,1.32) 0.317

High risk (76) Ref - Ref -

Values in bold represent statistically significant p values (< 0.05).
EFS Event free survival, OS Overall survival, HR Hazard ratio, 95%CI 95% Confidence interval, Ref Reference variable, HIV Human Immunodeficiency virus, ECOG –

PS Eastern Cooperative Oncology Group – Performance status, BM Bone marrow, CNS Central nervous system, LDH Lactate dehydrogenase, ULN Upper limit of
normal, CR Complete response, BL-IPI Burkitt lymphoma – IPI score.
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Propensity matched(PSM) analysis
After propensity matching, 47 patients receiving methotrexate-
based protocol were matched to 47 patients receiving EPOCH-
based protocol (Supplementary Table 4). There was no difference
in the 3-year EFS (68% (95%CI: 62–74%) versus 68% (95%CI:
61–75%); p 0.949) and 3-year OS (72% (95%CI: 66–78%) versus
70% (95%CI: 64–76%); p 0.865) between the two groups,
respectively (Fig. 4).

DISCUSSION
To our knowledge, this is one of the largest reports from LMIC to date
detailing the baseline disease characteristics, treatment details and
prognostic factors of patients with Burkitt Lymphoma/Leukemia (BL/
L). Treatment of BL/L in this real-world cohort yielded a 3-year EFS and
OS of 58% (95% CI: 55–61%) and 66% (95%CI: 63–69%) respectively.
Predominant protocols utilized were methotrexate-based in 108
(41.1%) and EPOCH based (DA-EPOCH-R, SC-EPOCH-RR) in 103
patients (39.2%) (Table 3). These results are inferior to the landmark
trials using these protocols [12, 14, 15, 17]. Reasons for inferior survival
in our cohort could be due to the use of regimens which are proven
to be of poor efficacy in 48(18.1%), dose compromise/delays in
74(27.9%), treatment related mortality in 19(7.2%) and treatment
abandonment in 27(10.2%) patients (Fig. 1). In addition, 34
patients(12%) underwent surgery prior to initiation of chemotherapy
which led to delays in the initiation of definitive therapy. As the
timing of chemotherapy is of paramount importance in the treatment
of BL/L this may have led to poor outcomes. A similar trend of inferior
survival in the real world was seen in the real world analysis from
United States (US) demonstrating a 3 year PFS and OS of 65% (95% CI:
61–69%) and 70% (95% CI, 66–74) respectively [19].
For the 108 patients treated with methotrexate based protocol,

the 3 year EFS and OS were 68% (95%CI: 64–72%) and 76% (95%CI:
72–80%) respectively (Supplementary Table 2). In comparison, the
trials which incorporated rituximab with other methotrexate-based
protocol like Magrath regimen [11], LMB89 protocol [12], hyper-CVAD
protocol [10] and GMALL-B-ALL/NHL-2002 protocol [14] had a EFS/

PFS of 74%, 75%, 80% and 75% and the OS of 77%, 83%, 89% and
80% respectively [10–12, 14]. Despite the younger age (median – 28
years) and a lower proportion of patients with advanced stage
disease (65.1%) in our cohort compared to these trials, survival rate in
our cohort was 5–10% lower. Possible contributing factors might
include that 11% patients did not receive rituximab and almost 31%
patients having dose compromise/delays. Another possible reason
could be that LMB89 protocol and GMALL-B-ALL/NHL-2002 protocol
used in our cohort were modified versions of the actual protocols
(Supplementary Table 1). In our cohort, the intensification compo-
nents of these protocols were not used. Also, drugs like teniposide
and vindesin which were part of the original GMALL-B-ALL/NHL-2002
protocol were not available for use in India.
For the 103 patients treated with EPOCH based chemother-

apy, the 3-year EFS and OS were 62% (95%CI: 57–67%) and 70%
(95%CI: 66–74%) respectively (Supplementary Table 2). In
contrast, the NCI trial reported a PFS and OS of 95% (95%CI:
75–99) and 100% (95% CI: 82–100) with DA-EPOCH-R and 100%
(95% CI: 72–100) and 90% (95% CI: 60–98) with sc-EPOCH-RR
respectively [15]. Roschewski et al reported a 4 year EFS and OS
of 84.5% (95% CI: 76% - 90%) and 87.0% (95% CI: 79% - 92%)
respectively [17]. Reasons for the inferior survival in our cohort
could be the higher proportion of patients with poor perfor-
mance status (PS 3 or 4 in 15%), high rates of dose compromise
and delays (36%) and 80% patients receiving a maximum dose
level of only 1 (Table 4).
Comparison of patients receiving methotrexate-based and

EPOCH-based protocols, revealed the 3-year EFS to be 68% (95%
CI: 64–72%) and 62% (95%CI: 57–67%) and 3-year OS to be 76%
(95%CI: 72–80%) and 70% (95%CI: 66–74%) respectively. The
difference in survival between them was not statistically significant
(Supplementary Table 2). This was confirmed in the PSM balanced
population where the survivals with both the protocols were similar
(Supplementary Table 4 and Fig. 4). Similarly, in the US real world
study the 3 year PFS and OS was numerically lower in the patients
who received DA-EPOCH-R(OS 69%) compared to CODOX-M-
IVAC(OS 77%) and hyper-CVAD (OS – 70%) but was not statistically

Table 6. Multivariate analysis for EFS and OS.

Variables EFS OS

HR (95% CI) P Value HR (95% CI) P Value

Rituximab use (n= 208) - -

Yes (184) 0.39 (0.14,1.09) 0.074

No (24) Ref -

ECOG - PS(n= 163)

0–2 (135) 0.95 (0.39,2.27) 0.912 0.77 (0.30,2.05) 0.604

3–4 (28) Ref - Ref -

LDH >=3xULN (n= 171)

Yes (60) 0.61 (0.19,1.92) 0.406 3.51 (1.50,8.18) 0.004

No (111) Ref - Ref

BM involvement (n= 175) - -

Yes (46) 1.26 (0.56,2.83) 0.572

No (129) Ref -

Stage(n= 175) - -

1,2 (50) 1.34 (0.49,3.66) 0.565

3,4 (125) Ref -

Response assessment(n= 170)

CR (134) 0.043 (0.01,0.09) <0.001 0.03 (0.01,0.09) <0.001

No CR (36) Ref - Ref -

BL-IPI Risk stratification(n= 184) - -

Low risk (42) 0.70 (0.18,2.63) 0.602

Intermediate risk (74) 0.30 (0.11,0.90) 0.032

High risk (68) Ref -

Values in bold represent statistically significant p values (< 0.05).
EFS Event free survival, OS Overall survival, HRHazard ratio, 95%CI 95% Confidence interval, Ref Reference variable, ECOG – PS Eastern Cooperative Oncology Group
– Performance status, BM Bone marrow, LDH Lactate dehydrogenase, ULN Upper limit of normal, CR Complete response, BL-IPI Burkitt lymphoma – IPI score.
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significant [19]. Even in the randomized HOVON-SAKK trial we see a
similar trend (2 year OS: 75% with DA-EPOCH-R vs 76% with R-
CODOX-M/R-IVAC) [18]. In our cohort methotrexate-based protocols
were associated with more febrile neutropenia, infusional reactions,
skin toxicity and pulmonary toxicity. The HOVON-SAKK group
similarly noticed more hematological toxicity, infections, gastro-
intestinal complications with R-CODOX-M/R-IVAC than DA-EPOCH-R
[18]. Treatment related mortality were similar between the
methotrexate based and EPOCH based protocols in our cohort(7.3%
vs 5.7%), US real world data(5% vs 8%) [19] and HOVON-SAKK
trial(6.5% vs 11.6%) [18] respectively. An important finding
suggested by our subgroup analysis was that patients with bone
marrow or CNS involvement do worse when treated with EPOCH
based protocol (3 year EFS: 32% (95%CI: 21–43%) and 3 year OS:
45% (95%CI: 33–57%) (Supplementary Table 3)). Similar findings
were documented in the multicenter study of DA-EPOCH-R by
Roschewski et al, where with CNS and bone marrow involvement
the 4 year EFS and OS declined to 45.5% (95% CI: 17 to 71%) and
58.6% (95% CI: 39 to 74%) respectively [17]. In conclusion, both
methotrexate based protocol and EPOCH based protocol are
reasonable options for the treatment of Burkitt lymphoma.
Additionally we propose that methotrexate based protocol must
be preferred in patients with bonemarrow and/or CNS involvement.
EPOCH based protocol would be an option in elderly patients and in
patients with contraindications for methotrexate like pleural
effusion, ascites and renal failure.

For the 38 HIV positive patients with BL/L in our cohort, the
3-year EFS and OS was 54% (95%CI: 46–62%) and 66% (95%CI:
58–74%) respectively(Supplementary Table 2). In the analysis by
Roschewski et al., the 4 year EFS and OS for the 28 HIV positive
patient were 84.9% (95% CI, 65–94%) and 84.5% (95% CI, 75–91%)
respectively [17]. Results from the real world US-UK analysis of 249
patients by Alderuccio et al had a 3 year PFS and OS of 61% (95%
CI: 55–67%) and 66% (95%CI: 59–71%), similar to our cohort [26].
Survival rates did not differ based on the age ( ≤ 40 vs >40 years)

and HIV status (Supplementary Table 2 and Supplementary Figs.
1–3). Factors like rituximab incorporation, better baseline PS, lower
serum LDH, earlier stage, uninvolved bone marrow and achieve-
ment of CR were prognostic for better survival (Table 5 and
Supplementary Table 2). Recently validated BL-IPI score [25], when
used in our cohort distinctly revealed the difference in survival in
the three risk groups, making it suitable for risk stratification even in
our population(Table 5). The 3-year OS of the low-, intermediate and
high-risk BL-IPI groups were 87% (95%CI: 83–91%), 68% (95%CI:
63–73%) and 54% (95%CI: 49–59%) respectively (Supplementary
Table 2). However, on multivariable analysis, achievement of CR is
the only important prognostic factor, emphasizing the importance
of achieving this important milestone in the treatment of BL/L
(Table 6). Part of the reason for this also could be the lack of
intensification/salvage options for patients who do not achieve CR.

CONCLUSION
In conclusion, in this large real world, multicenter cohort of adult
BL/L patients from India, the survival outcomes are like other real-
world datasets. Our analysis shows that both methotrexate-based
protocol and DA-EPOCH-R can be used in the treatment of BL/L.
However, use of DA-EPOCH-R should be avoided in patients with
CNS, bone marrow and peripheral blood involvement. Achieve-
ment of CR was the most important prognostic factor impacting
the outcome. Attempts are needed to reduce the toxicity while
maintaining the efficacy of currently used protocols.
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