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& PURPOSE Burkitt lymphoma (BL) has unique biology and clinical course but lacks a standardized prognostic
> model. We developed and validated a novel prognostic index specific for BL to aid risk stratification, inter-
I:f pretation of clinical trials, and targeted development of novel treatment approaches.
© METHODS We derived the BL International Prognostic Index (BL-IPI) from a real-world data set of adult patients
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with BL treated with immunochemotherapy in the United States between 2009 and 2018, identifying candidate
variables that showed the strongest prognostic association with progression-free survival (PFS). The index was
validated in an external data set of patients treated in Europe, Canada, and Australia between 2004 and 2019.

RESULTS In the derivation cohort of 633 patients with BL, age = 40 years, performance status = 2, serum lactate
dehydrogenase > 3X upper limit of normal, and CNS involvement were selected as equally weighted factors
with an independent prognostic value. The resulting BL-IP!I identified groups with low (zero risk factors, 18% of
patients), intermediate (one factor, 36% of patients), and high risk (= 2 factors, 46% of patients) with 3-year PFS
estimates of 92%, 72%, and 53%, respectively, and 3-year overall survival estimates of 96%, 76%, and 59%,
respectively. The index discriminated outcomes regardless of HIV status, stage, or first-line chemotherapy
regimen. Patient characteristics, relative size of the BL-IPI groupings, and outcome discrimination were
consistent in the validation cohort of 457 patients, with 3-year PFS estimates of 96%, 82%, and 63% for low-,
intermediate-, and high-risk BL-IPI, respectively.

CONCLUSION The BL-IPI provides robust discrimination of survival in adult BL, suitable for use as prognostication
and stratification in trials. The high-risk group has suboptimal outcomes with standard therapy and should be
considered for innovative treatment approaches.

J Clin Oncol 39:1129-1138. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Burkitt lymphoma (BL) is a rare mature high-grade
B-cell lymphoma that globally constitutes 2% of all
adult non-Hodgkin lymphomas, with an estimated in-
cidence of 11,285 cases per year.'? BL is curable for
many patients with intensive multiagent immunoche-
motherapy, despite often presenting with disseminated
disease and not uncommonly with blood or CNS
involvement.>* BL has been classified into variably
defined low- and high-risk groups.>? However, the
historically defined low-risk group constitutes only a
minority (approximately 10%) of patients with localized
nodal disease. By contrast, the high-risk group contains
most patients (> 85%-90%) with disseminated BL and
is typically not stratified further. Previous studies have
analyzed age, performance status (PS), and involvement

of the bone marrow or CNS as high-risk indicators.01314
Collectively, no uniform agreement on clinical prog-
nostication or reproducible risk stratification exists,
posing challenges to individualized therapy, interpreta-
tion of clinical trials, and design of future studies.

Our objective was to develop and validate a simple
prognostic index specific to adult (sporadic and
immunodeficiency-related) BL that would account for
its unique clinical features and that would be appli-
cable across various geographic settings where
standard immunochemotherapy regimens are ap-
plied. Because BL typically presents at a younger age
than diffuse large B-cell ymphoma (DLBCL) and often
with highly elevated serum lactate dehydrogenase
(LDH), the index should determine the best prognostic
cutoffs for these variables.
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CONTEXT

Key Objective

Can a Burkitt lymphoma (BL)—specific prognostic index stratify progression-free survival (PFS)?

Knowledge Generated

We derived the BL International Prognostic Index (BL-IPI) using a real-world cohort of 633 patients treated in the United

States and externally validated its performance in an independent cohort of 457 patients treated in Scandinavia, the
United Kingdom, Canada, and Australia. The BL-IPI includes age = 40 years, lactate dehydrogenase > 3X upper limit of
normal, performance status = 2, and CNS involvement as risk factors, and delineated groups with low (no-risk factors, 3-
year PFS = 92%), intermediate (one factor, PFS = 72%), and high risk (= 2 factors, PFS = 53%).

Relevance
The BL-IPI can be used to describe distribution of risk in clinical trial participants and help design future trials focused on

patients who have excellent prognosis using currently available chemoimmunotherapy and the poor-risk group who are in

need of novel treatment approaches.

Identification of well-defined risk groups could assist clinicians
in more accurately identifying prognosis for adult patients with
BL. It may also help design future treatment approaches,
which could involve de-escalation of intensive chemotherapy
where possible or introduction of novel strategies suitable for
groups that show unsatisfactory outcomes. Toward this end,
we leveraged data from a large multi-institutional study of BL
from the United States!® and conducted external validation
(including assessment of calibration and discrimination) in an
independent international data set.'®

METHODS
Data Sources

Development of the BL International Prognostic Index (BL-
IPI) was based on a retrospectively collected BL Real-World
Evidence data set of 641 adults (age > 18 years) treated
between 2009 and 2018 across 30 academic and com-
munity institutions in the United States (Data Supplement,
online only).*® This study was approved by Institutional
Review Boards at each center. Cases had to meet the 2016
WHO definition of BL based on the characteristic small or
medium cell morphology with tingible body macrophages,
the presence of MYC rearrangement (not mandatory if all
other criteria were met, as observed in 10% of patients),
expression of CD10 and BCLS6, lack of BCL2, and prolifer-
ative fraction of approximately 100%.'>” Twenty-one sub-
mitted cases consistent with other high-grade lymphomas
(including double-hit lymphomas or DLBCL) were excluded
after review of pathology reports. All staging evaluations,
including bone marrow and CNS, were performed using
local institutional standards, and treatments followed local
practice. This analysis included 633 patients who received
multiagent chemotherapy, including rituximab in > 90%.

The external derivation cohort was constructed by pooling data
from a retrospective study from Australia, Canada, Denmark,
Norway, and Sweden (2004-2017) with a specifically collected
data set from eight hospitals in the United Kingdom (2008-
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2019).'® These multi-institutional registries were harmonized
with regard to all essential variables (Data Supplement). Al
patients in the validation data set received standard immu-
nochemotherapy, including rituximab in > 95%.

Variables and End Points

The following variables were considered for inclusion in the
BL-IPI: age, sex, HIV status, PS according to the Eastern
Cooperative Oncology Group (ECOG) scale, stage (I and/or
[l or Il and/or IV), B symptoms, involvement of > 1
extranodal site, bone marrow, or CNS, the absence of MYC
rearrangement, hemoglobin level, serum albumin, and
serum LDH normalized to local upper limit of normal (ULN).
We did not consider tumor size because of low ascer-
tainment and unavailability in the validation data set.

We used progression-free survival (PFS) as the primary end
point, defined as time from diagnosis until disease pro-
gression, recurrence, death from any cause, or last follow-
up, according to the International Working Group guide-
line.*® Overall survival (OS) was a secondary end point.

Statistical Analysis

We estimated survival curves using the Kaplan-Meier
method and examined prognostic association between
explanatory variables and PFS using univariable and
multivariable proportional hazard models fitted in the
derivation data set. The analysis (previously reported for the
entire data set)'® was focused on the 633 patients treated
with immunochemotherapy. First, we inspected the con-
tinuous variables for potential nonlinear associations and
determined the optimal prognostic cutoffs (Data Supple-
ment). Because many variables were highly overlapping,
we selected the most informative prognostic factors using
two methods: stepwise selection and lasso for model se-
lection, repeated in 1,000 bootstrapped samples for in-
ternal validation (see the Data Supplement for detailed
criteria and methods).2° Cox models were augmented by
multiple imputation using chained equations, generating
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15 imputed data sets to account for missing data (assumed
to be missing at random) on stage (2%), HIV (2%),
extranodal involvement (2%), LDH (6%), PS (7%), he-
moglobin (5%), and albumin (9%), and pooling estimates
using Rubin’s rules.?! Lasso was conducted using adaptive
A* selection.??3 Both methods converged on the same
four variables that were equally weighted based on ob-
served model coefficients. We then defined the BL-IPI
categories by inspection of survival curves and assessed
the robustness of risk discrimination by evaluating survival
estimates in informative subsets.

In the validation cohort, we assessed the relative size of
each BL-IPI category and computed calibration by cal-
culating PFS and/or OS observed in each predicted risk
category. We used Harrell's C concordance statistic as a
measure of model discrimination. Statistical analyses were
conducted using Stata/MP16.1 (StataCorp LLC, College
Station, TX). All estimates are provided with 95% Cls.

RESULTS
Patient Characteristics

Characteristics of patients in the derivation (N = 633) and
validation (N = 457) cohorts were similar (Table 1), with a
median age 46-47 years, predominance of men, and 22%-
23% of HIV-positive individuals. CNS involvement was
more frequent in the US cohort (19%) versus the inter-
national (10%) cohort (P < .001). More than 75% of
patients in both data sets had advanced-stage BL and
abnormal LDH. Furthermore, only 10% had disease that
might historically be qualified as low-risk (stage | or Il with
normal LDH).

In the US cohort, patients received various chemotherapy
regimens suggested by the National Comprehensive
Cancer Network guidelines.?* By contrast, cyclophospha-
mide, vincristine, doxorubicin, high-dose methotrexate/
ifosfamide, etoposide, and high-dose cytarabine with or
without rituximab (CODOX-M/IVAC #= R regimen) was
preferentially used in the international cohort.>”2526 More
than 90% of patients received rituximab. The median
follow-up was 45 and 52 months for the US and interna-
tional cohorts, respectively. Median PFS or OS was not
reached, but PFS estimates at 3 years were higher in the
international cohort (75%; 95% Cl, 70 to 78) compared
with the US data (65%; 95% Cl, 61 to 69; Data
Supplement).

Development of the BL-IPI

Based on the observed concordance statistics, we deter-
mined that age = 40 years, LDH > 3 X ULN, hemoglo-
bin < 11.5 g/dL, and albumin < 3.5 g/dL were optimal
prognostic cutoffs in BL (Data Supplement). In univariable
analyses, age = 40 years, PS ECOG = 2, advanced stage,
involvement of the bone marrow, CNS, LDH > 3 X ULN,
low hemoglobin, and low albumin were associated with
inferior PFS, but only four factors were forward selected for
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the multivariable model: age = 40 years, PS ECOG = 2,
LDH > 3 X ULN, and CNS involvement (Table 2). The
same four variables were consistently selected by the lasso
method (Data Supplement).

Since model coefficients for all variables were similar, we
constructed the BL-IPI by assigning equal weight (one
point) to each factor (Fig 1A). Because PFS (Fig 1B) and OS
(Data Supplement) did not statistically significantly differ
between groups with two versus three versus four factors,
we combined these groups into one high-risk category. The
final BL-IPI comprised three categories: low-risk (zero risk
factors; 18% of patients; 3-year PFS = 92%), intermediate-
risk (one risk factor; 36% of patients; 3-year PFS = 72%),
and high-risk (= 2 factors; 46% of patients; 3-year PFS =
53%; Table 3). Median PFS was estimable only in the high-
risk group (46 months; 95% Cl, 19 to 53). The three-group
model was prognostic for PFS (Fig 1C; log-rank P < .0001;
C-statistic = 0.655) and OS (Fig 1D; P < .0001;
C-statistic = 0.667), with only marginally higher concor-
dance for the five-group version (C-statistic = 0.666 for
PFS, 0.685 for OS).

The BL-IPI largely recapitulated the historical designation of
low-risk BL from clinical trials; however, it identified a larger
group with excellent survival. Furthermore, overlap with
traditional IPI categories®” was low (Data Supplement).
Within the low-risk BL-IPI category, 54% had small ele-
vations of LDH (1-3 X ULN) and 58% had advanced stage
(although only 12% had marrow involvement), but prog-
nosis of patients with these factors did not significantly differ
from others within the same BL-IPI risk group (Data
Supplement). Discrimination provided by the BL-IPI was
slightly better than that for the traditional IP1?” (C-statistic =
0.638 for PFS, 0.657 for OS) and only marginally lower than
that for a comprehensive model that included all variables
significant in univariate analysis (C-statistic = 0.679 for
PFS, 0.706 for OS; Data Supplement).

Subset Analyses

BL-IPI provided prognostic separation in stage Il or IV BL,
historically considered uniformly high-risk and constituting
78% of the US cohort. In advanced-stage BL, 3-year PFS
estimates were 87%, 71%, and 52% for the low-, inter-
mediate-, and high-risk BL-IPI categories, respectively, and
3-year OS estimates were 95%, 75%, and 57%, respec-
tively (Data Supplement). The presence of any BL-IPI risk
factor was also associated with worse prognosis in early-
stage BL, with the 3-year PFS of 98% for low-risk and 73%-
76% for high-risk and intermediate-risk categories (Data
Supplement). BL-IPI remained prognostic in the subset of
cases with confirmed MYC rearrangement (Data
Supplement).

In addition, BL-IPI was prognostic in the derivation cohort
among patients receiving rituximab and those without HIV
infection. In the HIV-positive group, patients with high-risk BL-
IPI had worse 3-year PFS (48%) than those with low risk or
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TABLE 1. Clinical Characteristics of Patients With Burkitt Lymphoma in the Derivation and Validation Cohorts

Variable Derivation (United States) Validation (International)
N 633 457
Age, median (IQR) 47 (33-59) 46 (34-59)
Age = 40, n (%) 401 (63) 290 (64)
Age = 60, n (%) 146 (23) 109 (24)
Sex, n (%)
Male 479 (76) 351 (77)
Female 154 (24) 106 (23)
HIV-positive, n (%) 140 (22) 106 (23)
PS ECOG = 2, n (%) 141 (22) 131 (35)
Stage 3 or 4, n (%) 494 (78) 363 (79)
> 1 extranodal site, n (%) 270 (43) 247 (54)
CNS involvement, n (%) 118 (19) 47 (10)
LDH ratio, median (IQR) 25(1.1-6.1) 2.6(1.1-7.1)
LDH > ULN, n (%) 465 (74) 352 (77)
LDH > 3 X ULN, n (%) 268 (42) 212 (46)
LDH > 5 x ULN, n (%) 178 (28) 152 (33)
Stage 1 or 2 with LDH = ULN, n (%) 53 (8) 58 (13)
First-line regimen, n (%)
CODOX-M/IVAC = R 194 (31) 298 (65)
HyperCVAD/MA = R 195 (31) 39 (9)
DA-EPOCH-R 181 (29) 46 (10)
Others 63 (10) 74 (16)
Rituximab use, n (%) 578 (91) 432 (95)
Follow-up, median 45 months 52 months

PFS at 3 years, 95% Cl

65 (61 to 69)

75 (70 to 78)

OS at 3 years, 95% Cl

70 (66 to 74)

76 (72 to 80)

Abbreviations: CODOX-M/IVAC = R, cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate/ifosfamide, etoposide, and high-dose cytarabine

with or without rituximab; DA-EPOCH-R, dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin, and rituximab; ECOG, Eastern
Cooperative Oncology Group; hyperCVAD/MA = R, cyclophosphamide, vincristine, doxorubicin, and dexamethasone/high-dose methotrexate and cytarabine
with or without rituximab; IQR, interquartile range; LDH, lactate dehydrogenase; OS, overall survival; PFS, progression-free survival; PS, performance status;

ULN, upper limit of normal.

intermediate risk (75%-76%, Data Supplement). As delineated
in the Data Supplement, BL-IPI retained prognostic value re-
gardless of the specific chemotherapy regimen: CODOX-M/
IVAC = R (3-year PFSs of 88%, 67%, and 61 %, respectively),
dose-adjusted etoposide, prednisone, vincristine, cyclophos-
phamide, doxorubicin, and rituximab (DA-EPOCH-R: 3-year
PFSs of 87%, 73%, and 51%, respectively), or cyclophos-
phamide, vincristine, doxorubicin, and dexamethasone/high-
dose methotrexate and cytarabine with or without rituximab
(hyperCVAD/MA + R: 3-year PFS of 100%, 80%, and 54%,
respectively).

External Validation of the BL-IPI

In the validation cohort, BL-IPI categories were of similar
relative size to the derivation cohort (low-risk 15%,
intermediate-risk 35%, and high-risk 50% of patients,
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Table 3) and provided similar discrimination of PFS
(C-statistic = 0.648; log-rank P < .0001; 3-year estimates of
96%, 82%, and 63% for low-, intermediate- and high-risk
groups, respectively; Fig 2A) and OS (C-statistic = 0.670;
P < .0001; 3-year estimates of 99%, 85%, and 64%, re-
spectively; Fig 2B). In this international data set, BL-IPI
remained prognostic in advanced- and early-stage BL
(Data Supplement), among patients receiving rituximab, and
those receiving CODOX-M/IVAC = R (Data Supplement).

DISCUSSION

The BL-IPI, as developed and validated through this large
international collaboration comprising over 1,000 individ-
ual patients, provides a novel, validated prognostic index
specific to sporadic and immunodeficiency-related adult
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TABLE 2. Univariable and Multivariable Models for Association Between Candidate Prognostic Variables and Progression-Free Survival

Univariable Multivariable
Variable HR 95% ClI P HR 95% ClI P
Age = 40 1.79 1.34 t0 2.38 < .001 1.53 1.14 t0 2.05 .005
Female 1.05 0.78to 1.41 74
HIV-positive 1.15 0.85 to 1.56 .36
PS ECOG = 2 222 1.69 t0 2.92 <.001 1.62 1.20 to 2.17 .001
No MYC rearrangement 0.82 0.53t0 1.29 .39
Stage 3 or 4 2.35 1.57 t0 3.53 < .001
B symptoms 1.23 095 to 1.59 .12
> 1 extranodal site 1.24 0.95 10 1.60 11
Marrow involvement 1.64 1.27 to 2.13 < .001
CNS involvement 2.02 1.52 to 2.69 < .001 1.61 1.20to 2.16 .002
LDH > 3 X ULN 2.12 1.62 t0 2.77 < .001 1.71 1.29 t0 2.27 < .001
Hemoglobin < 11.5 g/dL 1.63 1.2510 2.12 <.001
Albumin < 3.5 g/dL 1.55 1.19 t0 2.03 .001

NOTE. Considering many highly overlapping variables, the multivariable model included factors chosen by our multivariable selection procedure (see the
Data Supplement for details). All models in this table were deployed in the data set augmented by multiple imputation (N = 633); the results were consistent in

an analysis

using complete cases (data not shown).

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; LDH, lactate dehydrogenase; PS, performance status; ULN, upper limit of

normal.

BL. It permits a simple yet robust risk stratification for di-
verse patient cohorts treated with rituximab-based immu-
nochemotherapy. The low-risk BL-IPlI group comprised
nearly 20% of patients who attained the PFS of > 90% and
the OS > 95% across both data sets. Conversely, patients
with high-risk BL-IPI consistently achieved 3-year PFS/OS
of < 65% with modern immunochemotherapy, indicating
adequate calibration of the index. Notably, the BL-IPI relies
on real-world data from multiple countries and continents,
supporting its utility both for clinical prognosis and for the
design of prospective clinical trials. In interpreting these
observations, several factors should be considered.

BL is an aggressive malignancy that can be eradicated using
dose-intensive immunochemotherapy. Consequently, some
studies have not differentiated treatment according to dis-
ease stage. For example, treatment was uniform (except for
CNS-directed therapy) in studies using hyperCVAD/MA * R
or Cancer and Leukemia Group B protocols.?®?° Recog-
nizing that BL may occasionally present with a localized
tumor, others distinguished a low-risk category that has been
variably defined using criteria of early stage, completely
resected and/or nonbulky tumor, normal LDH, and good PS
(Data Supplement).”811:122630 |n clinical practice, adults
meeting these criteria are uncommon. By contrast, the low-
risk BL-IPI category identified 18% of patients with excellent
survival, including younger individuals with slightly elevated
LDH and/or advanced stage. Such patients would have been
historically classified as high risk, but their outcomes do not
significantly differ from others within the low-risk BL-IPI
category. Therefore, this importantly expands the lower-
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risk group for whom less or lower intensity therapy is a vi-
able option, although any treatment modifications need to be
examined in prospective studies.

In addition, the BL-IPI provides substantial, conceptual,
and practical advantage over the traditional IP1.?” Prior
studies have reported many potential prognostic variables
in BL, but multivariable analyses have been limited by small
sample sizes and collinearity.” 101213183133 Thg traditional
IPI provided survival discrimination in some studies, mainly
in a dichotomized version corresponding to early-stage
disease with normal LDH.?83%33 |n a population-based
study, the IPI was prognostic but was outperformed by a
simpler index that used only 3 factors: age > 40 years,
LDH > ULN, and PS ECOG > 1.1 Notably, the traditional
IPI was not prognostic in trials using CODOX-M/IVAC (P =
.89) or DA-EPOCH-R (P = .29).512 We found that age > 60
years and LDH > ULN, cutoffs useful for DLBCL and
follicular lymphoma, were not optimal in BL, which pres-
ents at age > 60 in < 25% of cases.*>?”** The presence
of > 1 extranodal site had no significant association with
PFS. LDH was abnormal in approximately 75% of pa-
tients, and minor elevations were less prognostic than the
very high levels characteristic of disseminated BL.
Similarly, most patients with BL present at an advanced
stage, thus limiting the utility of the early or advanced
dichotomization.

By contrast, CNS invasion retains major prognostic
impact.1®1235 In the phase Il trial by Ribrag et al,*° ab-
normal LDH, albumin, and anemia predicted worse OS.
Despite tailoring of treatment according to bone marrow
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FIG 1. Characteristics of the BL-IPI in the derivation (US) cohort: (A) proportion of patients according to the number of risk factors; (B) PFS according
to the number of risk factors; PFS of patients with two versus three, and three versus four risk factors was not statistically significantly different, and
hence, these groups were combined in the high-risk category; (C) PFS according to BL-IPI risk group; (D) OS according to BL-IP!I risk group; 3-year
PFS and OS estimates are listed with 95% Cls (in parentheses); P values are from log-rank tests comparing groups sequentially and from an overall
log-rank test. BL-IPI, Burkitt lymphoma International Prognostic Index; LDH, lactate dehydrogenase; OS, overall survival; PFS, progression-free

survival; ULN, upper limit of normal.

and CNS involvement (including mandatory CNS irradia-
tion), CNS disease was associated with worse 3-year EFS in
every age stratum, including 67% with CNS involvement
versus 92% without for age < 40 years. CNS and bone
marrow involvement were also the principal adverse factors
after treatment with DA-EPOCH-R.*? In the GMALL trial,
CNS involvement (treated with 24 Gy irradiation) was as-
sociated with worse outcomes in univariable analysis, but it

1134 © 2021 by American Society of Clinical Oncology

was no longer significant after adjustment for age, marrow
involvement, LDH > ULN, and female gender.® Similarly,
CNS involvement was not prognostic in a British Columbia
series, but only 8 patients had CNS involvement.®? It is
possible that the adverse prognostic impact of CNS in-
volvement may be mitigated by more intensive CNS-
directed therapy than that is applied in the current prac-
tice, especially considering suboptimal adherence to
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TABLE 3. Outcomes According to BL-IPI in the Derivation and Validation Cohorts

Burkitt Lymphoma International Prognostic Index

Derivation (United States) Cohort

Validation (International) Cohort

Outcome/BL-IPI Group n (%) 3-Year Estimate =~ 95% CI HR 95% CI N (%) 3-Year Estimate = 95% CI HR 95% ClI
BES

Low 104 (18) 91.8 84210958 1.0 68 (15) 5.5 86.7t0985 1.0

Intermediate 206 (36) 71.7 64.8t0 775 4.15 19910868 159 (35) 82.3 75210875 263 1.02to 6.81

High 260 (46) 53.2 46.7 10 59.2 8.83 4.32to 18.03 230 (50) 63.2 56.5t069.2 6.17 2.51 to 15.22
0s

Low 9.0 89.7t0985 1.0 98.5 89.91t099.8 1.0

Intermediate 75.9 69.1t081.4 7.06 2.5510 19.53 84.7 77910 89.6 2.83 0.99 to 8.13

High 58.7 52.1to64.7 15.12 5.58 to 40.99 64.3 57.6t070.2 7.59 2.78to 20.72

Abbreviations: BL-IPI, Burkitt ymphoma International Prognostic Index; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.

intrathecal protocols observed in the US data.® An ongoing
randomized study comparing R-CODOX-M/R-IVAC versus
DA-EPOCH-R for patients with newly diagnosed BL
(EudraCT: 2013-004394-27) will help address the role of
different chemotherapy strategies.

The BL-IPI integrates information about patient’s medical
status and disease burden in a parsimonious, easy-to-
apply score and showed consistent calibration and dis-
crimination when externally validated. Yet, its concor-
dance statistic was < 0.70, which may be partly related to
overall high rate of censoring (62%) known to bias the
C-statistic. Patients with all four high-risk factors may have
particularly poor PFS (< 40% at 3 years), but this group is
sosmall (< 5% in both data sets) that it was more practical
to include it with other higher-risk groups. Notably,

concordance did not meaningfully improve with a com-
prehensive multivariable model using all factors statistically
significant in univariate analysis. By contrast, it improved
when treatment factors were included (Data Supplement),
strongly suggesting that prognosis in BL is influenced by
postdiagnosis events (eg, treatment tolerance and local
management expertise) and/or by uncaptured molecular
characteristics. Mechanisms driving the hyperproliferative
biology of BL include MYC rearrangement; mutations in the
centroblast transcription factor TCF3 or its negative regu-
lator ID3; alterations of TP53, CCND3, and CDKNZ2A; and
tonic B-cell receptor signaling.**® Prognostic impact of
specific molecular events unfortunately has not been ad-
equately examined, although it might be central to further
improvement in prognostication for BL.
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FIG 2. Performance of the BL-IPI in the validation (international) cohort: (A) PFS according to BL-IPI risk group, (B) OS according to BL-IPI risk group;
3-year PFS and OS estimates are listed with 95% Cls (in parentheses); P values are from log-rank tests comparing groups sequentially and from an
overall log-rank test. BL-IPI, Burkitt lymphoma International Prognostic Index; OS, overall survival; PFS, progression-free survival.
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The BL-IPI, like other prognostic scores for non-Hodgkin
lymphomas, was derived retrospectively, and thus, it should
be interpreted with caution in clinical practice.?”3*3 |t may
help clinicians incorporate risk stratification into manage-
ment decisions and can facilitate research on improved
therapeutic approaches. The low-risk BL-IPI group is large
enough to consider de-escalated treatment strategies. As a
proof of concept, Roschewski et al*? reported 100% event-
free survival in strictly defined low-burden BL (stage | or I,
tumor < 7 cm, PS ECOG = 1, normal LDH) using just three
courses of DA-EPOCH-R (with two rituximab doses per
cycle) without CNS prophylaxis. This less toxic, yet highly
efficacious approach may allow introduction of novel, ra-
tionally selected targeted agents. Conversely, patients with
high-risk BL-IPI need better treatment, and trials focused on
this group could show significant survival increments with
fewer subjects. Moreover, the consistent performance of the
BL-IPlin our external validation cohort suggests that trials will
benefit from harmonized stratification and comparison with
real-world benchmarks.

Limitations of our study include retrospective design and
lack of formal central pathology review. However, each case
was diagnosed by expert academic hematopathologists,
and we applied strict WHO diagnostic criteria.!” We did not
have consistent data on Epstein-Barr virus detection or
systematic evaluation of blood involvement by flow
cytometry. Also, a prognostic index is not necessarily
predictive of benefit from any therapy, and BL-IPI-derived
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risk estimates assume treatment with standard ap-
proaches. The index is not validated for endemic BL, and it
may be less informative for patients age > 65 years, whose
outcomes principally depend on comorbidity-related po-
tential to withstand intensive treatment. The BL-IPI per-
formance characteristics also suggest that a dynamic
component incorporating postdiagnosis factors (eg, early
toxicity) may provide a more individualized survival pre-
diction. The causes of survival differences between the US
and international cohorts are unclear, potentially reflecting
variable staging (as suggested by varying rates of CNS
involvement) or treatment paradigms, including decen-
tralized oncology care in the United States, varying ex-
pertise, and socioeconomic disparities. Additional
validation using clinical trial data could further confirm
calibration of BL-IPI-based predictions with rigorously
applied, uniform therapy.

In conclusion, the BL-IPI is a simple and robust prognostic
model that accounts for the unique characteristics of BL.
This novel, validated index can help clinicians more ac-
curately identify prognosis for their patients with adult BL
and advance targeted clinical research with the dual goals
of de-escalating treatment intensity for low-risk disease and
improving survival for the high-risk group through inno-
vative approaches. Finally, the availability of BL-IPI may
foster inquiry into molecular differences that lead to di-
vergent clinical outcomes, which are not well-explained by
the gross clinical indicators of disease burden.
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