'.) Check for updates

Regular Article

CLINICAL TRIALS AND OBSERVATIONS
CME Article

A MALT lymphoma prognostic index

Catherine Thieblemont,! Luciano Cascione,?® Annarita Conconi,>* Barbara Kiesewetter,® Markus Raderer,®
Gianluca Gaidano,® Maurizio Martelli,” Daniele Laszlo,® Bertrand Coiffier,® Armando Lopez Guillermo,'® Valter Torri,"
Franco Cavalli,>® Peter W. Johnson,'®* and Emanuele Zucca®3*

"Assistance Publique—Hbépitaux de Paris Hemato-Oncology Department, Saint Louis Hospital, Diderot University—Sorbonne Paris Cité, Paris, France;
2Lymphoma Unit, Oncology Institute of Southern Switzerland, Bellinzona, Switzerland; 3Institute of Oncology Research, Bellinzona, Switzerland; “Unit of
Hematology, Ospedale degli Infermi, Biella, Italy; *Division of Oncology, Department of Internal Medicine |, Medical University of Vienna, Vienna, Austria;
SDivision of Hematology, Department of Translational Medicine, Universita del Piemonte Orientale, Ospedale Maggiore della Carita, Novara, Italy;
“Department of Cellular Biotechnologies and Hematology, Sapienza University, Rome, ltaly; 8European Institute of Oncology, Milan, ltaly; °Centre
Hospitalier Lyon-Sud, Pierre-Benite, France; '°Department of Haematology, Hospital Clinic, Barcelona, Spain; ''Clinical Research Methodology Laboratory,
IRCCS-Mario Negri Institute, Milan, Italy; and "?Cancer Research UK Center, Southampton General Hospital, Southampton, United Kingdom

There are no widely accepted prognostic indices for extranodal marginal zone lymphoma
of mucosa-associated lymphoid tissue (MALT). This study aimed to develop and validate

e The MALT-IPI was built by a specific prognostic tool to personalize and optimize treatment of patients with MALT
using 401 patients in the lymphoma. A prognostic index was built by Cox regression (stepwise selection) using
IELSG-19 randomized data from 401 patients enrolled in the international randomized International Extranodal
trial and validated in an Lymphoma Study Group 19 (IELSG-19) trial (NCT 00210353). A validation set, including
independent set (N _ 633). 633 patients, was obtained by merging 3 independent cohorts of MALT lymphoma

patients. The 3 individual features maintaining the greatest prognostic significance for
event-free survival (EFS, the main endpoint of the IELSG-19 trial) were age =70 years
(hazard ratio [HR], 1.72; 95% confidence interval [Cl], 1.26-2.33), Ann Arbor stage lll or IV

* This novel disease-specific
index efficiently discriminates

patient W_'th good, (HR, 1.79; 95% Cl ,1.35-2.38), and an elevated lactate dehydrogenase level (HR, 1.87; 95%
intermediate, and poor Cl, 1.27-2.77). The prognostic index (MALT-IPI) constructed using these 3 parameters
outcomes. identified 3 groups: low, intermediate, and high risk (corresponding to the presence of

0, 1, or 22 of these factors, respectively). The 5-year EFS rates in the low-, intermediate-,
and high-risk groups were 70%, 56%, and 29%, respectively. The MALT-lymphoma International Prognostic Index (MALT-IPI) also
significantly discriminated between patients with different progression-free, overall, and cause-specific survival. The prognostic
utility was retained in gastric and nongastric lymphomas, in each treatment arm (chlorambucil, rituximab, and rituximab plus
chlorambucil), and was confirmed in the validation set. The new index, MALT-IPL, is a simple, accessible, and effective tool to identify
MALT lymphoma patients at risk of poor outcomes. It may help define appropriate treatment approaches for individual patients.
(Blood. 2017;130(12):1409-1417)
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Learning objectives

1. Compare prognostic features incorporated in the mucosa-associated lymphoid tissue lymphoma international prognostic index

(MALT-IPI).

2. Evaluate the ability of the MALT-IPI to differentiate outcomes among low-, intermediate-, and high-risk groups of patients

with MALT lymphoma.

3. Assess clinical implications regarding use of the MALT-IPI to identify low-, intermediate-, and high-risk groups of patients

with MALT lymphoma.

Release date: September 21, 2017; Expiration date: September 21, 2018

Introduction

The International Prognostic Index (IPI) for diffuse large B-cell
lymphomas was developed >2 decades ago' and has proven to be a
reliable prognostic tool for choosing treatment for these patients and
guiding stratification in clinical trials. It has since been revised, taking
into account the effect of more recent treatments on the natural history
of the disease.> Although attempts have been made to prove the
usefulness of the IPI in low-grade lymphoma patients,*” its aptness for
other lymphoma subtypes has been questioned. This led to the proposal
of lymphoma-specific prognostic indices, the follicular lymphoma
international prognostic index (FLIPI and FLIPI2),%’ the mantle cell
lymphoma international prognostic index (MIPI),% and others for less
common conditions.'®"!

Marginal zone lymphomas (MZLs) represent a heterogeneous
subgroup, classified as extranodal, splenic, and nodal. Extranodal cases,
also termed mucosa-associated lymphoid tissue (MALT), account for
~70% of MZLs."> MALT lymphoma itself is a heterogeneous disease
with a correspondingly variable clinical presentation.'*'® Patients are
managed with a variety of treatments, which generally result in good
outcomes.'”?° Nonetheless, with the exception of Helicobacter pylori
eradication in localized gastric lymphoma, the selection of an ap-
propriate treatment can be challenging and, in the absence of a con-
sensus, a simple validated prediction tool specific to MALT lymphoma
patients could offer a means to optimize therapeutic management of this
rare population.

Application of the original and modified IPI or FLIPI in MZL
patients has been proposed from small retrospective studies'**"** but
they have never been properly validated. We therefore sought to
develop a MALT lymphoma IPI (MALT-IPI) for patients treated
during the rituximab era by developing a model using the patient data
set of the largest recent controlled clinical trial in MALT lymphoma,
namely the International Extranodal Lymphoma Study Group 19
(IELSG-19) randomized study, conducted by the International
Extranodal Lymphoma Study Group in 6 European countries, which

showed the superiority of the combination of chlorambucil and
rituximab in comparison with either rituximab or chlorambucil given
as single agents.>>*

Patients and methods

Study design and data collection

This study was conducted with data from the final analysis of the international
IELSG-19 randomized phase II trial (NCT 00210353),>* conducted at 77
centers in 6 countries with the cooperation of major collaborative trial groups
(Fondazione Italiana Linfomi, Groupe d’Etude des Lymphomes de 1’ Adulte, UK
National Cancer Research Institute, and Grup per I’Estudi dels Limfomes de
Catalunya i Balears). The study was approved by the institutional review board or
ethics committee of each institution. All patients provided written informed
consent. This trial compared chlorambucil alone to rituximab alone and to the
combination of rituximab and chlorambucil (R-chlorambucil) as front-line
therapy in MALT lymphoma patients, with event-free survival (EFS) as the
primary endpoint.”*>* Patients were stratified according to tumor site (gastric vs
nongastric), nodal involvement, prior local therapy, and IPI risk group.

The study database contained the information needed to assess EFS,
progression-free survival (PES), cause-specific survival (CSS), and overall
survival (OS) rates together with dichotomized variables indicating patient age
(<70 vs =70 years, a cutoff generated by receiver-operating characteristic
analysis as the one with the best classification rate), Eastern Cooperative
Oncology Group performance status (ECOG PS, 0-1 vs =2), Ann Arbor stage
(I-1I vs II-IV), primary disease site (gastric vs nongastric), nodal involvement
(present vs absent), number of extranodal sites (<2 vs =2), bone marrow
involvement (present vs absent), serum {3, microglobulin level (<3 mg/L vs =3
mg/L), serum lactate dehydrogenase (LDH) level (normal vs elevated), and
B symptoms (present vs absent). Spleen and tonsils were considered as ex-
tranodal sites. Involved areas were identified by clinical examination, computed
tomography scan, magnetic resonance imaging, or endoscopic investigations.
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Table 2. Final model for EFS generated by stepwise Cox regression
used to build the MALT-IPI

N = 400 HR Standard Error 95% CI P

Stage lI-IV 1.79 0.26 1.35-2.38 <.001
Age >70y 1.72 0.27 1.26-2.33 .001
LDH >UNL 1.87 0.37 1.27-2.77 .002

Statistical analysis

An initial exploratory analysis was performed on the patient data set (N = 393;
median follow-up, 5.6 years) for a preliminary meeting communication® to
identify among the dichotomized variables those with the greatest prognostic
impact on EFS, PFS, CSS, and OS. A putative prognostic model discriminating
3 risk groups was established by Cox regression on EFS (the main endpoint
of the IELSG-19 study).® This procedure included all variables identified
as statistically significant by univariate analysis, namely: age, PS, serum LDH
concentration, stage, gastric localization, nodal involvement, and number of
extranodal sites. A definitive analysis was then performed with the use of the final
study database (N = 401; median follow-up, 7.4 years) as the test set. A stepwise
backward selection process with a criterion of P <<.005 for variable retention was
used. Serum (3, microglobulin concentration was not included in the model
owing to the high rate (28%) of missing observations.

The MALT-IPI was then built, dividing patients into 3 risk groups, namely, a
low-, intermediate-, and high-risk group, based on the presence of 0, 1, or =2 of
the identified variables, respectively.

A validation set was obtained by merging 3 independent patient cohorts:

1. The database of the IELSG-1 study of nongastric MALT lymphomas,
a retrospective survey of 180 patients, all with diagnosis confirmed by

BLOOD, 21 SEPTEMBER 2017 « VOLUME 130, NUMBER 12

central pathology review, treated between 1983 and 1999 at 20 inter-
national institutions.'

2. A series of 185 MALT lymphoma patients diagnosed between 1995 and
2012 at the Oncology Institute of Southern Switzerland, (Bellinzona,
Switzerland) and the Haematology Division of the Amedeo Avogadro
University of Eastern Piedmont (Novara, Italy), which was partly
included in a recent study of histologic transformation in marginal zone
lymphomas.?®

3. An unpublished series of 268 MALT lymphoma patients from the
database of the Medical University of Vienna, diagnosed between 1999
and 2015 (provided by M. Raderer and B. Kiesewetter).

The validation set contained information on the IPI' and the revised
international prognostic index (R-IPI)® risk group for most individual patients.

EFS, PES, OS, and CSS, were defined according to the revised response
criteria for malignant lymphomas.?” Follow-up was calculated as the median
time to censoring or death by using a reverse Kaplan-Meier analysis.?® Survival
probabilities were calculated by using the life-table method, and survival curves
were estimated by the Kaplan-Meier method with upper and lower confidence
intervals (CIs) calculated by using Greenwood’s approximation; differences
between curves were analyzed by using the log-rank test.”” Associations were
analyzed by using the x test or the Fisher’s exact test, as appropriate. The Cox
proportional hazards model*® was used for the estimation of the hazard ratio (HR)
and its CIs, with the low-risk group as the reference group. Binomial exact 95%
ClIs were calculated for incidence percentages. Performance of prognostic indices
was compared by using Gonen and Heller’s & statistic, a concordance probability
estimate that calculates the probability of agreement for any pair of patients,
where agreement means that the patient with the shorter survival time also has the
larger risk score’'; higher values of k indicate better discrimination. Statistical
analyses were conducted by using the STATA statistical software package,
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Figure 1. Clinical outcomes according to MALT-IPI risk groups in the testing set. Kaplan-Meier estimates for EFS (A), PFS (B), CSS (C), and OS (D) in the testing set

from the IELSG-19 clinical trial database.
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Table 3. Analysis of survival endpoints (EFS, PFS, CSS, and OS) according to the MALT-IPI risk group in the testing set from the IELSG-19

clinical trial database: Kaplan-Meier estimates

EFS PFS Css 0s
5-y rate, 5-y rate, 5-y rate, 5-y rate,
Risk group N % (95% Cl) Median, y P % (95% Cl) Median, y P % (95% Cl) Median, y P % (95% Cl) Median, y P
Low 167 69.8 (62.0-76.2) NR <.0001 76.0 (68.3-82.1) NR <.0001 100 (-) NR <.0001 98.7 (94.9-99.7) NR <.0001
Intermediate 165 55.7 (47.7-63.0) 6.3 63.1 (54.8-70.2) 9.8 98.1 (94.1-99.4) NR 93.1 (87.8-96.1) NR
High 68 28.7 (18.4-39.9) 2.0 32.5 (21.2-44.2) 2.8 84.5 (72.3-91.7) NR 64.3 (51.3-74.8) 8.1

version 11 (StataCorp, College Station, TX) and the R statistical software en-
vironment, version 3.1.1 (https://www.r-project.org).

Results
Elaboration of the MALT-IPI

A total of 401 patients, prospectively enrolled and treated in the
IELSG-19 randomized study, were analyzed. The median follow-up
time was 7.4 years. Nearly one-quarter of this population (92 patients,
22.9%) was >70 years of age. Primary gastric MALT lymphoma
was diagnosed in 171 patients (42.6%), and disseminated disease was
present at diagnosis in 175 (43.6%), with 123 (30.7%) having >1
extranodal site. Lymph node involvement was present in one-third of
the population (142 patients, 35.4%). Elevated LDH and poor
performance status were infrequent (10.5% and 1.5%, respectively).
Several clinicopathological characteristics were identified with univar-
iate analysis of EFS, PFS, CSS, and OS to predict for poor outcomes,
namely age =70 years, ECOG PS =2, Ann Arbor stage III or IV,
elevated LDH level, nodal and multiple involvement, and primary
nongastric site (Table 1). A subsequent stepwise Cox regression was
then performed (including 400 patients with no missing data) that
identified 3 independent predictors of shorter EFS (Table 2) (ie, Ann
Arbor stage III or IV [HR, 1.79], age =70 years [HR, 1.72], and
elevated LDH levels [HR, 1.87]). The MALT-IPI could then be built
with 3 risk groups defined by the presence of O (low risk, n = 167),
1 (intermediate risk, n = 165), or =2 (high risk, n = 68) of these three
variables. The index not only distinguished patients with significantly
different EFS and PES, but also allowed the identification of patients
with significantly shorter OS and CSS (Figure 1). Table 3 reports the
Kaplan-Meier estimates for all the survival endpoints and Table 4
reports the HRs for the intermediate- and high-risk groups using the
low-risk group as the reference group.

Evaluation of the prognostic index model in main
clinical subgroups

The MALT-IPI was examined in various subpopulations within the
testing set, specifically gastric and nongastric patients, and each of the
treatment arms. The frequency of low-risk patients was significantly
higher (52% vs 34%, X2 test, P = .001), and, conversely, the frequency
of high-risk patients was lower (12% vs 21%) among those with

primary gastric lymphoma. Nevertheless, the model (N = 400) retained
its efficiency in discriminating patients with poorer prognosis in both
the gastric (N = 171) and the nongastric patient (N = 229) subgroups.
(supplemental Table 1, available on the Blood Web site). Likewise, the
new index also maintained statistical significance in each treatment arm
(chlorambucil, n = 130; rituximab, n = 138; R-chlorambucil, n = 132)
for all 4 survival endpoints (supplemental Table 2).

Histologic transformation during the trial was reported in 10
patients.>* Notably, 7 out of 10 patients with histological transformation
were in the high-risk group, 3 were in the intermediate-risk group,
and none were in the low-risk group (Fisher exact test, P = .001).
Nevertheless, the ability of MALT-IPI to identify different prognostic
groups for each survival endpoint remained independent of histological
transformation (Cox regression, data not shown).

External validation of the prognostic index model

The prognostic model was then examined in a large validation set
(N = 633) obtained by the unification of 3 independent MALT
lymphoma cohorts, the IELSG-01 cohort, the Bellinzona-Novara
cohort, and the Medical University of Vienna cohort. These cohorts
differed with respect to median follow-up, patient characteristics, and
clinical outcomes (supplemental Table 3). EFS estimation was
possible only in patients from the IELSG-01 cohort, which, however,
included only nongastric primary sites. Patients from all cohorts (with
3 missing values) contributed to PFS, CSS, and OS estimations.
Overall, the patients in the validation set had significantly worse
outcomes in comparison with those in the training set (supplemental
Table 3). Tables 5 and 6 summarizes the analysis of all the survival
endpoints in the validation set. The MALT-IPI maintained its capacity
to significantly discriminate different prognostic groups with respect
to each survival endpoint (Figure 2), and this held true also after
controlling (by Cox regression, data not shown) for the cohort effect on
outcome.

Comparison of the MALT-IPI with existing prognostic indices

In the validation set (N = 633), a definite risk group allocation was pos-
sible in 551 patients (87%) according to the MALT- IPI, in 563 (90%)
according to the IPI, and in 564 (90%) according to the R-IPI,
respectively. The prognostic power of MALT-IPI was then compared
with IPI and R-IPI by a concordance probability estimate procedure
based on the Génen and Heller k statistic.®’ The performance of all
models was very similar: MALT-IPI was slightly superior (highest

Table 4. Analysis of survival endpoints (EFS, PFS, CSS, and OS) according to the MALT-IPI risk group in the testing set from the IELSG-19
clinical trial database: risk estimate in Cox models with the low-risk group as the reference group

EFS PFS css os
Risk Group N HR (95% CI) HR (95% CI) HR (95% Cl) HR (95% CI)
Low 167 1 1 1 1
Intermediate 165 1.5 (1.1-2.1) 1.7 (1.2-2.5) 5.3 (0.6-45.6) 2.4 (1.05-5.5)
High 68 3.3 (2.3-4.8) 3.9 (2.6-5.9) 41.5 (5.4-319.7) 13.7 (6.3-29.9)
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Table 5. Analysis of survival endpoints (EFS, PFS, CSS and OS) according to the MALT-IPI risk group in the external validation set: Kaplan-Meier estimate

oS

5-y rate, % (95% Cl)

CSS

5-y rate, % (95% Cl)

PFS

5-y rate, % (95% Cl)

EFS

5-y rate, % (95% Cl)

Median, y

N
251

Median, y

N
251
210

Median, y

N
251
210

P
.0008

Median, y

N
68
57
22

Risk group

<.0001

96.7 (92.6-98.5) 18.4

<.0001

NR
25.1

98.2 (94.2-99.4)

<.0001

7.8
4.7

NR 56.8 (49.0-63.9)

41

2.6

76 (59.4-87.3)

48.4 (30.7-64.0)
15.7 (1.1-46.4)

Low

12.6

81.7 (74.1-87.3)

210

94.7 (89.0-97.5)

48.0 (39.4-56.2)

Intermediate

High

6.6

64.9 (50.7-75.9)

9.2 90

74.3 (58.8-84.7)

90

2.6

22.7 (12.1-35.4)

90
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Table 6. Analysis of survival endpoints (EFS, PFS, CSS, and OS)
according to the MALT-IPI risk group in the external validation
set: risk estimate in Cox models with the low-risk group as the
reference group

EFS PFS Ccss 0s

Risk group HR(95% Cl) HR(95% Cl) HR(95% Cl)  HR (95% CI)

Low 1 1 1 1
Intermediate 2.4 (1.1-4.9) 1.2 (0.9-1.7) 1.8 (0.6-5.0) 3.1 (1.8-5.4)
High 4.6 (2.0-10.9) 2.6 (1.8-3.7) 13.5 (5.2-34.6) 9.3 (5.2-16.9)

k value) in the analysis of all survival endpoints, however, the standard
errors indicate overlapping CIs (supplemental Table 4).

Discussion

Treatment of populations with rare cancers, frequently in the absence
of consensus or definitive recommendations, is a major challenge for
clinicians, and the availability of tools to refine therapeutic strategies is
a welcome resource. Following on from the publication of the IPI
and establishment of the widely accepted FLIPI and MIPI, we sought to
extend the existing repertoire with the MALT-IPI. This new index is
specific for MALT lymphoma patients and was generated from a large
cohort of 401 patients recently diagnosed and prospectively enrolled
in the IELSG-19 randomized trial***> The natural history of MALT
lymphoma patients has not changed since the completion of this trial
(performed between 2003 and 2005), with few changes to available
therapeutic options and no other published randomized phase III trials.

The MALT-IPI, built on the basis of the IELSG-19 trial main
endpoint (EFS), efficiently discriminates patients with good, in-
termediate, and poor EFS and proved to be valuable also with respect
to PES, CSS, and OS. It was validated in a large, external series of >600
MALT lymphoma patients and appeared at least as good as the IPI,
which was initially developed for diffuse large B-cell lymphoma and
was later shown to be useful for predicting MALT lymphoma progno-
sis as well.'> As with most other published prognostic indices,>®®
3 distinct risk groups were identified as strongly predicting outcome
in terms of the 4 survival endpoints, EFS, PES, OS, and CSS. The
distribution of IELSG-19 patients according to the 3 risk groups,
corresponding to 42% (low), 41% (intermediate), and 17% (high) of
the evaluated population, is similar to those reported for FLIPI and
MIPL>"8 Five-year OS rates were 99%, 93%, and 64%, respectively,
showing the greatest discrimination for the high-risk group.

Other authors have recently proposed prognostic indices for MALT
lymphomas. A Korean study retrospectively evaluated 205 nongastric
MZL patients treated in one institution between 1999 and 2005, with a
median follow up of 3.4 ye.ars.32 They reported a prognostic index for
this population in which nodal MZL, ECOG PS =2, and advanced
stage (III/IV) were associated with poor PES and OS, and their index
proved more reliable than IPI and FLIPI for predicting OS. However,
this study was limited to nongastric MZL in a Korean population, and
its applicability to the wider MALT population is unclear. In 2010,
Mazloom et al** published a retrospective study using an institutional
database analyzing 275 patients diagnosed with MZL between 1996
and 2003, the majority of whom (77%) had extranodal disease. Patients
received a range of treatment modalities, and median follow-up was
3.9 years. Neither the IPI nor FLIPI was found to be significantly
associated with outcome when applied to this latter population.®® The
authors identified elevated serum [3,-microglobulin levels, male sex,
and the presence of B symptoms as prognostic for recurrence-free
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Figure 2. Clinical outcomes according to MALT-IPI risk groups in the validation set. Kaplan-Meier estimates for EFS (A), PFS (B), CSS (C), and OS (D) in the external

validation set.

survival and OS in the extranodal MZL subgroup and constructed a
prognostic index with low (32% of patients; O factors), intermediate
(52%; 1 factor), and high (15%; =2 factors) risk.>? Interestingly,
although the prognostic effect of B,-microglobulin levels and
B symptoms (these latter only on CSS and OS) was also identified in
our analysis, none of the 3 strongest prognostic factors in our analysis
was captured in theirs.*® This may be due to the heterogeneous patient
characteristics in the different series. Neither of these 2 MALT
lymphoma prognostic models*>** gained wide application, possibly
because of their lack of validation in external cohorts.

Older age and elevated LDH levels are common to all of the
lymphoma prognostic indexes, however, other variables differ, although
ECOG PS =2, which emerged as a prognostic factor for both the
modified IPI and MIPI, was not included in the FLIPI evaluation.®
Elevated LDH levels and poor ECOG PS have been correlated with
shorter survival in MALT lymphomas.**** Several retrospective series
indicated that lymph node involvement is an important prognostic
factor, and some have also suggested that the concomitant involvement
of multiple mucosal sites, despite being relatively common, does not
necessarily carry an unfavorable impact on outcome, '*'¢36-7

In the original IPI analysis, age was dichotomized at 60 years
because this represented the eligibility cut point for myeloablative
therapy and autologous stem cell transplant, which was restricted to
younger patients. Today, this limit no longer holds true. In our index, we
included an age cutoff of 70 years, defined in our study population by
receiver-operating characteristic analysis as the one with the best
classification rate. This cut point was shown to be a highly significant
predictor of outcome. Interestingly, other studies have also described

age >70 years to be associated with greater myelosuppression,*®
increased comorbidities, and poorer outcome, particularly in diffuse
large B-cell lymphoma.***® This cut point seems likely to better
delineate the effect of age as a risk factor in the current era of growth
factors and rituximab, which is also characterized by an increasing
number of fit elderly patients. In this context, it is interesting that a
large Surveillance, Epidemiology, and End Results study with >9800
patients showed that age was significant as a prognostic factor in a
MALT lymphoma-specific hazard model.*' This study also found B
symptoms, male sex, and stage to affect the prognosis of patients with
MALT lymphoma.*!

The IPI, FLIPI, and MIPI indexes (both original and revised)
all involve 4 or 5 prognostic variables to define the 3 risk (or 4)
groups. Some of the variables contributing to these indices may
have little relevance in MALT lymphomas, such as the white blood
cell count (MIPI®), the number of extranodal sites (IPI'), or the
number of nodal areas (FLIPI®). MALT lymphoma is by definition
extranodal and early dissemination to multiple nodal areas is rare,
as is leukemic presentation, although, as already mentioned, dis-
semination to different mucosal sites does not necessarily affect
survival. This may help explain why IPI and FLIPI have not
always proven prognostic for patients with MALT lymphoma.*?
For the MALT-IPI, a deliberate choice was made to limit
the number of prognostic factors used to build the index to the
individually most powerful ones, by setting the criterion for
variable retention in the stepwise Cox regression at P < .005. The
aim was to increase simplicity of use while maintaining accuracy.
Indeed, the MALT-IPI model needs only 3 variables (patient age,
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LDH level, and Ann Arbor stage), each of them readily accessible
in the clinical setting. Nevertheless, the MALT-IPI showed good
power to discriminate different risk groups with respect to all
the relevant survival endpoints. This holds true not only in the
entire study population, but also in the 2 main clinical subgroups
(gastric and nongastric primary presentation) and in each treat-
ment arm of the IELSG-19 study (chlorambucil, rituximab, and
R-chlorambucil).

A large external validation set generated from 3 independent patient
cohorts substantiated the MALT-IPI’s prognostic ability, showing that
the discriminating capacity is retained in a large heterogeneous population
of patients, regardless of baseline characteristics and treatment type.
Even though outcomes in the validation cohort were worse than in
IELSG-19, the MALT-IPI still identified 3 distinct prognostic groups.
Cox regression controlling for the cohort effect further confirmed the
validity of the prognostic model. Because the prognostic capacity of the
MALT-IPI appears to be independent of treatment, it may be expected
that this will remain the case for patients treated with the increasingly
popular combination of rituximab and bendamustine.**

Retrospective studies have suggested that different initial treatment
modalities (chemotherapy and surgery alone or combined, as well as radio-
therapy) do not significantly affect survival in MALT lymphomas.'*'6-
In this context, treatment is often chosen according to the personal
preference and experience of the treating physician, which may be
unreliable. A MALT lymphoma—specific prognostic index may offer
the potential to define the patients in whom treatment is required as well
those to whom novel therapies may be offered. Besides helping to guide
the choice of the appropriate therapeutic approach, a specific prognostic
index can be exploited for other purposes, such as patient stratification
in future prospective clinical trials. Indeed, patients with low or inter-
mediate risk may be successfully managed with nonaggressive treatment
approaches, although there is an unmet need to improve the outcome in
the high-risk group, which is very efficiently identified by the novel
MALT-IPI. The finding that patients with high-risk MALT-IPI score
had a higher incidence of histological transformation suggests that
earlier (or more aggressive) treatment may be justified in the high-
risk subgroup. In contrast, nonaggressive approaches appear justified
in the low risk patients.

Despite the favorable long-term outcome of MALT lymphoma
overall, the subgroup with high-risk MALT-IPI shows rapid treatment
failure (median PFS, 2.8 years) with current approaches, particularly if
treated with single alkylating agents or with rituximab alone. Future
clinical trials should be aimed at minimizing exposure to treatments
with a low probability of long-term disease control in this subset of
patients and at exploring the activity of promising novel targeted agents.
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In conclusion, the MALT-IPI, based on age =70 years, elevated
LDH levels, and Ann Arbor stage Il or IV and generated by using the
data set of the largest randomized study ever conducted in MALT
lymphoma, was validated in a large, external patient cohort. This novel
index promises to be a simple and powerful tool to identify patients at
increased risk of progression or death, allowing treatment approaches to
be modulated accordingly.
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