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ABSTRACT

Background: Central nervous system international prognosis index (CNS-IPI) is validated in European and the USA cancer
databases. However, no validation has been done in Mexican population. Objective: The objective of the study was to as-
sess the impact of the CNS-IPI on central nervous system (CNS) relapse and survival in Mexican patients with diffuse large
B-cell lymphoma (DLBCL). Methods: In this retrospective analysis, clinical, biochemical, and histological variables and the
CNS-IPI were analyzed. Results: Six hundred and forty-two patients with DBLCL were included in the study. The mean * SD
age was 56.8 + 14.9 years. Most had an ECOG of 0-1: 75% (n = 484) had absence of B-symptoms and advanced disease
(clinical stage: Ill-IV, n = 433, 67.4%). According to the CNS-IPI, almost one-half were in the low-risk category. According
to the CNS-IPI, CNS relapse rate was 1.36% (95% Cl: 83.2-92.8), 3.1% (95% Cl: 132.4-162.8), and 7.4% (95% Cl 61-91)
for patients in the low-, intermediate-, and high-risk categories, respectively. The median overall survival in the high-risk
group (CNS-IPI) was 22 months, and it has not been achieved after 80 months of follow-up for the other groups. Conclu-
sions: CNS-IPI was associated with survival; therefore, we propose its use as a prognostic tool for prospective validation.
(REV INVEST CLIN. 2021;73(4):231-7)
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INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most
common of all aggressive types of lymphomas?. Ini-
tially, the international prognostic index (IP)? defined
four prognostic groups of patients with response and
survival. However, the advent of the rituximab era,
mainly with the GELA3, MINT#, and RICOVER 60 stud-
ies®, and other clinical scales, such as revised IPI¢7, pro-
vided information for patients at risk of early relapse or
progression. Recently, the metabolic findings on interim
positron emission tomography (PET-CT) have also
been incorporated to define prognostic groups®?.

Rituximab is the standard of care in the treatment of
B-cell lymphoproliferative malignancies. This antibody
increases the long-term survival and modifies the
natural history of the disease. Despite this improve-
ment, the relapse at the central nervous system
(CNS) in patients with DLBCL translates to an inferior
prognosis since the average survival is of only 2-5
months!®1l Different biomarkers that increase the
risk of CNS infiltration have been identified, including
the MYC rearrangement!?, since patients with double
or triple hit have CNS involvement, either at diagnosis
or at relapse, in up to 50% of cases?!3.

The CNS international prognosis index (CNS-IPI) was
generated to identify patients with a higher risk of
CNS relapse!? in patients enrolled in studies from the
German High-grade non-Hodgkin Lymphoma Group,
the MabThera International Trial, and validated in the
British Columbia Cancer Agency Lymphoid Cancer da-
tabase. However, this index has not been studied in a
Hispanic-Mestizo population. Therefore, we conduct-
ed a study to evaluate the prognostic significance of
the CNS-IPI on CNS relapse, and overall survival (OS),
at the National Cancer Institute of Mexico.

METHODS

This retrospective analysis evaluated the impact of
the CNS-IPI?, in addition to other clinical, biochemi-
cal, and histological variables, on CNS relapse and OS
of patients with diagnosed DLBCL. The inclusion cri-
teria were as follows: patients > 18 years of age,
with a histological diagnosis of DLBCL, treated with
R-CHOP at the National Cancer Institute (Instituto
Nacional de Cancerologia) in Mexico City, Mexico,
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from January 2011 through December 2018. The
Ethics and Scientific Research Committees approved
the review and analysis of clinical files (Rev/013/19).

Clinical characteristics included age, gender, comor-
bidities (diabetes mellitus, arterial blood hyperten-
sion, and cardiopathy), B symptoms, bulky disease,
number of extranodal sites, clinical stage, bone mar-
row involvement, IPl score?, performance status de-
fined by Eastern Cooperative Oncology Group (ECOG)
scale!4, as well as the CNS-IPI1°. The following bio-
chemical parameters were also evaluated at diagno-
sis: lactic dehydrogenase (LDH), glucose, albumin,
leukocytes, lymphocytes, hemoglobin, and beta2 mi-
croglobulin levels. Diabetes mellitus was defined ac-
cording to the American Diabetes Association crite-
rial>. The standard criteria from the European and the
American College of Cardiology were used to define
arterial blood hypertension?é.

Immunohistochemistry (IHC) protocols were as fol-
lows. All tumor samples were fixed in 10% formalin
for 10 h at room temperature and embedded in paraf-
fin. Sections of 3 mm were prepared and mounted
onto positively charged glass slides. Immunostaining
was performed with an automated immunostainer
(BenchMark ULTRA) using the following antibodies:
CD20 (Dako, clone L26 1:400), CD3 (Dako, Polyclonal
1:200), CD10 (Cell Marque, clone 58C8 1:50), BCL2
(Cell Marque, clone 124 1:100), BCL6 (Cell Marque,
clone G191E/AB 1:200), MUM1 (Dako, clone MUM1p
1:200), and MYC (Cell Marque, clone EP1321 1:150).

Histopathologic variables were GCB subtype versus
non-GCB subtype, which was determined by the Hans
nomogram?’, as well as BCL2, BCL6, and MYC expres-
sion and double-hit lymphoma. Briefly, the GCB sub-
type was defined by the following expression pat-
terns: CD10 (%), BCL6 (+), and MUM1 (-). Non-GCB
subtype: CD10 (=), BCL6 (%), and MUML1 (+). The
cutoff values for positivity were 50% for BCL2 ex-
pression, 30% for BCL6 expression, and 40% for MYC
expression, as has been described!®. Lymphomas co-
expressing MYC and BCL2 or BCL6 was considered
double expressing, and fluorescence in situ hybridiza-
tion (FISH) was performed to evaluate MYC rear-
rangements. When MYC rearrangements were pres-
ent at least in 10%, and BCL2 rearrangements were
also documented, they were defined as a double-hit
lymphoma.



All patients were treated with 6 cycles of R-CHOP, as
follows: rituximab 375 mg/m?, cyclophosphamide
750 mg/m?, doxorubicin 50 mg/m?, vincristine 1.4
mg/m? (total maximum dose 2 mg), and prednisone
100 mg/day/5 days. The response was evaluated
using PET-CT. In cases with increased glucose blood
levels (> 170 mg/dL) that contraindicated the perfor-
mance of PET/CT, only a computed tomography (CT)
was done, and the response was evaluated by the
Lugano 2014 criterial®.

Statistical analysis

Descriptive analysis was done for demographic and
clinical characteristics. Median and its interquartile
range (IQR) were used as a measure of dispersion.
The statistical differences between groups were cal-
culated using the Chi-square test. To evaluate factors
associated with response, CNS-relapse, and death, a
logistic regression analysis was done with the follow-
ing variables: age, gender, comorbidities, the presence
of B symptoms, bulky disease, clinical stage, number
of extranodal sites, bone marrow involvement, IPI
score, performance status defined by ECOG scale, the
CNS-IPI scale, as well as LDH, albumin, leukocytes,
lymphocytes, and beta2 microglobulin levels, and his-
tological variables (subtype, Ki 67, MYC expression,
and double/triple hit) of DLBCL. The variables consid-
ered as statistically significant, were analyzed by mul-
tivariate analysis. Progression-free survival (PFS) was
defined from the date of diagnosis until the date of
failure to achieve a response, progression, or relapse.
OS was defined as the period from diagnosis until the
date of the last follow-up or death. Survival curves
were calculated by the Kaplan—Meier method, and
differences between subgroups were compared with
the log-rank test. Cox regression analysis was used
to identify the variables associated with CNS relapse,
PFS, and OS. Hazard ratio, with 95% confidence inter-
val (95% CI), was calculated for CNS relapse, accord-
ing to the corresponding CNS-IPI groups. p < 0.05 was
considered statistically significant. Analyses were per-
formed using SPSS, version 24.0 (IBM Corp., Armonk,
NY, USA).

RESULTS

A total of 697 patients met the inclusion criteria; 55
were excluded because they were treated with
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chemotherapeutic regimens other than R-CHOP.
Therefore, 642 cases were included in this study.
The clinical characteristics are presented in table 1.
Median age was 57 years (IQR: 47-67 years). Most
of the patients had a performance score according
to the ECOG scale of 0-1 (n = 484, 75%), with an
absence of B-symptoms in 51%, but with advanced
disease, since the clinical stage was classified as llI-
IV in 433 cases (67%). According to CNS-IPI, 45.6%
(n = 293) were classified in the low-risk category
(Table 2).

Response

The clinical response was considered complete in
71% (n = 455), partial in 12% (n = 78), and in 17%
(n = 109), it progressed during chemotherapy. The
following variables were associated with a worse re-
sponse after the univariate analysis: ECOG > 2; the
presence of bulky disease; > 2 extranodal sites in-
volved; advanced disease (clinical Stage Il + I1V); IPI
score categories defined as intermediate high or
high, as well as intermediate or high groups defined
by CNS-IPI. After multivariate analysis, only IPI sta-
tus remained statistically significant for the response
(p = 0.030).

Follow-up

The median follow-up was 44.18 (IQR: 17.6-68.7)
months. During this period, 127 patients relapsed;
most of them (n = 111, 87.4%) relapsed outside the
CNS, and only 16 had a CNS relapse. CNS relapse rate
was 1.36% (4/293), 3.1% (10/322), and 7.4%
(2/27) for patients in the low-, intermediate-, and
high-risk categories according to the CNS-IPI, respec-
tively (p = 0.09).

Survival

Median PFS had not been achieved after 80 months
of follow-up in the whole group (Fig. 1). When strati-
fied by the CNS-IPI, the high-risk group had a median
OS of 22 months, and it was not achieved during
follow-up in the other groups (p = 0.0001). After Cox
regression analysis, the only factor statistically sig-
nificantly influencing PFS was the presence of bulky
disease (R: 0.636 [95% Cl: 0.431-0.9371]), and the
following factors were not statistically significant:
ECOG, the presence of B symptoms or bulky disease,
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Table 1. Demographics and clinical characteristics of DLBCL
patients

Characteristic All patients
n (%)
Patients 642 (100)
Age years: median 57 (47-67)
(interquartile ranges)
Gender
Female 335(52.2)
Male 307 (47.8)
ECOG
0-1 484 (75.4)
2-4 158 (24.6)
Presence of B symptoms 313 (48.8)
Serum B2 microglobulin
Normal 271 (42.2)
High 262 (40.8)
Undetermined 109 (17.0)
Presence of bulky disease 300 (46.7)
Bone marrow aspirate*
Negative 579 (90.3)
With infiltration 42 (6.5)
Not performed 21 (3.2)
Extranodal involvement
No 273 (42.5)
Yes 369 (57.5)
1-2 256 (39.9)
>3 113 (17.6)
Molecular type
Germinal center 323 (50.4)
No germinal center 212 (33.0)
Not performed 92 (14.3)
Unclassifiable 15 (2.3)
Clinical stage
I 73 (11.4)
I 136 (21.2)
Il 138 (21.4)
v 295 (46)
IPI
Low 174 (27.1)
Low intermediate 146 (22.7)
High intermediate 158 (24.6)
High 164 (25.6)
CNS risk involvement
Low 293 (45.6)
Mild 322 (50.2)
High 27 (4.2)

*Because of bone marrow involvement. SD: standard deviation;
ECOG: Eastern Cooperative Oncology Group; IPI: International
prognostic index; CNS: central nervous system.

biochemical variables, molecular subtype, double-/
triple-hit DLBCL, clinical stage, IPI score, nor CNS-IPI.

The following factors were statistically significant for
OS (determined by Cox regression analysis): risk
groups by IPI score (HR: 0.328 [95% Cl = 0.161-
0.666]); CNS-IPI (HR 0.311 [95% CI = 0.161-0.666])
(Fig. 1b and 1c); and the presence of CNS relapse (HR:
0.32 [95% Cl= 0.168-0.6111) (Fig. 2a). Figure 2b
shows the risk of death, according to groups deter-
mined by the IPI-CNS index.

DISCUSSION

This study demonstrated that the CNS-IPI in Mexican-
Mestizo population has a prognostic significance on
CNS relapse and OS. Relapse at the CNS is a fatal
complication in patients with DLBCL, with a median
survival of only 2 months2%21. The CNS-IPI in patients
with DLBCL is useful to discriminate groups at differ-
ent risk of presenting CNS relapse!®. Such patients
have a very poor prognosis, and different clinical and
biochemical parameters have been evaluated for
these purposes. To date, only clinical variables have
been demonstrated to impact on CNS progression.

Hollender et al.'! demonstrated that the parameters
involved in compromise of the CNS were the presence
of high levels of LDH, hypoalbuminemia, age < 60
years, and infiltration of extranodal sites. After that,
Schmitz et al.2° analyzed 2210 patients with aggres-
sive B-cell lymphoma (including Burkitt and DLCGB),
2.6% of whom had CNS relapse, with the most sig-
nificant risk factors being age (average 50 years),
high levels of LDH, and clinical Stage Il or IV. In ac-
cordance with both studies, we also demonstrated
that high levels of LDH and clinical stage were associ-
ated with a higher risk of CNS relapse. In contrast to
Schmitz results, the age was not significant for CNS
relapse in our series.

Evaluation of cerebrospinal fluid (CSF) in patients with
DLBCL in the absence of neurological symptoms is not
routinely indicated?!. However, the documentation of
having a high risk in the CNS-IPI is an absolute indica-
tion for such procedure?!-23, Cytology alone has 60%
sensitivity for leptomeningeal infiltration and virtually
no ability to detect parenchymal lymphoma. The ad-
dition of flow cytometry significantly increases



Table 2. DLBCL patients, according to CNS prognostic index

R. SOLIS-ARMENTA, ET AL.: CNS-IPI IN SURVIVAL OF DLBLC

Characteristics CNS prognostic index p
Low risk, Intermediate, High risk,
n (%) n (%) n (%)
Patients 293 322 27 -
(45.6) (50.2) (4.2)
IPI
Low 154 20 - 0.0001
(52.5) (6.2)
Low-intermediate 101 43 2
(34.4) (13.3) (7.4)
Intermediate-high 30 119 9
(10.2) (36.9) (33.3)
High 8 16
2.7) (59.2)
Clinical stage
[+ 1 174 33 2 0.0001
(59.3) (10.2) (7.4)
n+ v 119 289 25
(40.7) (89.8) (92.6)
Response
CR 229 212 14
(78.1) (65.8) (51.8)
PR 30 44 414.8)
(10.2) (13.6)
PD 34 66 9 0.020
(11.6) (20.4) (33.3)
Relapsed 55 67 5 0.2
(18.7) (20.8) (18.5)
CNS relapse 95% ClI 4 10 2 0.01
(1.36) (3.1 (7.4)
Mean PFS 95% CI 88.04 147.3 76.35 0.281
83.2-92.9 132-162.3 61-91.6
Mean OS 95% ClI 130.45 134.1 58.24 0.0001
(123-137) (123-137) (140-156)

IPI: International Prognostic Index; CR: complete response; PR: partial response; PD: progressive disease; CNS: central nervous system;
PFS: progression-free survival (months); OS: overall survival (months); Cl: confidence interval.

sensitivity in the diagnosis of CNS involvement, which
can be found in approximately 10% of high-risk pa-
tients2L,

The differences in the biological behavior of DLBCL
remain an objective of research. Double-hit DLBCL
has a higher frequency of early extranodal relapse,
including at CNS24. In the same direction, the series
by Savage et al. showed that CNS relapse was more
significant in the group of patients with double ex-
pression (2-year risk of CNS relapse in double

235

expressors vs. non-double expressors, 9.7% vs. 2.2%;
p = 0.01), surpassing double-hit lymphomas?2°.

Klanova et al.?¢ evaluated in 1418 patients with DLB-
CL the impact of the CNS- IPI scale, the cell of origin
(COO0), and MYC/BCL2 (double expressor) on CNS
relapse. These authors concluded that achieving a
CNS-IPI higher than 4, as well as the COO" (ABC), had
a statistical significance on CNS relapse risk, unlike
cases with MYC/BCL2 expression, which were not sig-
nificant in this series. In contrast to these authors, in
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Figure 1. Overall survival in the whole group (A), and stratified by IPl score (B) and CNS-prognostic index (C).
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Figure 2. Impact of CNS relapse on overall survival (OS). (A) OS by CNS relapse status. (B) Risk of death, according to CNS-IPI.
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our study, the COO was not significant to consider a toxicity may limit this approach in older patients?”.
risk of CNS relapse, and neither was the presence of Therefore, considering the impact on OS, the addition
double-hit lymphomas. of high-dose methotrexate in these high-risk patients

should be considered.
Different series have demonstrated the usefulness of

the CNS-IPI in determining the impact of CNS relapse The limitations of this study include that it is retro-
prediction, with a follow-up of 2 years'0242> Our se- spective and single center. However, the population
ries agreed with these authors. As shown in figure 1c, studied is large, even when compared to other inter-
we demonstrated an impact in OS since the follow-up national series.

was longer than in previous studies. In agreement

with other authors1011.26 the benefit of CNS prophy- This study showed that the CNS-IPI is associated with
laxis in prognosis and survival in high-risk patients survival and not only with CNS relapse. Therefore, we
according to the CNS-IPI is justified. Different strate- propose its use as a prognostic tool for a prospective
gies have been proposed, including intrathecal (IT) validation.

chemotherapy and high-dose methotrexate. IT che-

motherapy does not penetrate the brain parenchyma

and may be insufficient to avoid CNS relapses. Sys- REFERENCES
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