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ARTICLE INFO ABSTRACT

Keywords: The International Prognostic Index (IPI) has been used for risk stratification for a long time in diffuse large B cell
Diffuse large B cell lymphoma lymphoma (DLBCL). Based on new clinical and biological prognostic markers, many new prognostic models have
Prognosis been described. This review aims to present the progress in development and validation of these prognostic
;‘gzzf: models. A comprehensive literature review was performed to identify studies that proposed a new prognostic

model in DLBCL.

A total of 38 studies met the inclusion criteria. The IPI, revised IPI (R-IPI), and National Comprehensive
Cancer Network (NCCN)-IPI were the most studied prognostic indexes, externally validated and commonly used

to compare to other models.

Despite an increasing number of prognostic models have been proposed lately, most of them lack external
validation. Further studies, that combine biological and clinical markers with prognostic significance, are needed
to determine the optimal prognostic tool for more personalized treatment approach to DLBCL patients.

1. Introduction

Diffuse large B cell lymphoma (DLBCL) is the most common type of
aggressive non-Hodgkin lymphomas (NHL). It is a clinically and bio-
logically heterogeneous disease with a variable course. (Saygin et al.,
2017). The most common used tool for prognostication in DLBCL pa-
tients still remains the International Prognostic Index (IPI), despite
being created in the pre-rituximab era — (about 25 years ago) (Shipp
etal., 1993). The prognostic significance of the IPI has been validated in
several studies, including those which analysed rituximab-treated pa-
tients (Ziepert et al., 2010; Hosoda et al., 2018). However, some of
them pointed to a decline in prognostic value of the IPI in the rituximab
era (Sehn et al., 2007; Zhou et al., 2014). Moreover, better under-
standing of lymphoma biology and identification of new molecular
markers with potential prognostic significance, has led to multiple at-
tempts to refine the IPI since the beginning of the rituximab era.

On the other hand, new prognostic scores have relatively low
adoption in both clinical trials and routine care, possibly due to the
absence of validation in patient populations beyond the initial analysed
cohort. Prognostic models based on new molecular insights in

pathobiology are currently far from routine clinical usage (Melchardt
et al., 2015).

Although gene-based predictors have good discrimination ability,
when used alone, the IPI remains the most powerful predictor of the
clinical outcome of patients with DLBCL (Hong et al., 2013). In fact
some of the clinical studies pointed to easily available robust clinical
parameters having superior prognostic value compared to molecular
markers (Salles et al., 2011; Schmidt-Hansen et al., 2017). Due to all the
limitations presented in - recent literature, there is no clear general
consensus as to what constitutes a feasible and widely applicable
prognostic score that captures lymphoma biology, clinical parameters
and host factors such as age and comorbidity, that eventually could
guide treatment choice in newly diagnosed DLBCL patients.

This review comprehensively evaluates reported prognostic models
in DLBCL, and focuses on those that include combination of at least one
clinical and/or laboratory parameter with/without molecular and
imaging parameters. Furthermore, special reference is made to the el-
derly DLBCL patients. So far, this report is the first review that sum-
marises available prognostic models in DLBCL.
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-studies identified through initial
database searching (n=4809)

!

-analyzed studies after obviously
inappropriate studies were removed
(other NHL studies, evaluation of therapy
effect, trials, case reports, etc.) (n=746)

Critical Reviews in Oncology / Hematology 133 (2019) 1-16

A 4

-non English studies (n=79, Chinese 70, 3 Japanese,
2 Russian, 2 Serbian, 2 Hebrew)

-exclusion based on title/abstract (n=191)

-non human study (n=1)

-evaluated indexes created on non-lymphoma
population (n=8)

-relapsed/refractory DLBCL (n=30)

-reviews (n=27)

-evaluated only one type of DLBCL/ localized
disease (n=62)

-studies after manual screening and full
text articles evaluated for future
eligibility (n=348)

-exclusion based on full-text screening (312)
-lack of sufficient data for estimating OS (2)
-created scores without given stratification (3)

v

-studies retrieved through secondary references
(n=7)

‘ -studies included in final analysis (n=38) ‘

}

‘ -general DLBCL population (n=31)

}

-elderly DLBCL population (n=7) ‘

Fig. 1. Shows the selection process of these studies. The involved studies were all published between 1993 and May 2018.

2. Materials and methods

This study followed the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (Liberati et al., 2009).

2.1. Search strategy and selection criteria

A literature search was performed through PubMed, and Embase in
order to identify all primary research studies available, which have
proposed prognostic scores for newly diagnosed DLBCL patients. This
search strategy was also performed in order to identify studies that have
validated previously proposed scores.

The electronic search was performed by combining Medical Subject
Headings (MeSH) and text words, using the following terms:
“Lymphoma, Large B-Cell, Diffuse/DLBCL”, “index/indices”, “model”,
“score”, “prognosis/prognostic”, “outcome”, “survival”, “validity/vali-
dation” and “comparison”. The language was restricted to English. All
the studies published between 1993 and May 2018 were included.
Additional articles were retrieved through references included in the
eligible studies and relevant reviews.

The search was performed independently by two authors (JJ, MM)
who screened the initial search results, excluding all obviously irrele-
vant studies. Then the titles and abstracts of the remaining records were
screened, excluding likely irrelevant studies. After examining the full
text, relevant studies were included in the final lists. The studies in-
cluded in the final analysis were checked for availability of relevant
data by GT. The final critical appraisal of included relevant studies was
performed by (TSL). All authors have approved the final article.

2.2. Selection criteria

The following inclusion criteria were established: (1) all included
patients should be newly diagnosed with DLBCL; (2) the study should
propose a new index that was created with reference to the population
of DLBCL patients (3) the index should contain a combination of at least
two parameters, including mandatory clinical/or laboratory parameters
with reported risk stratification; (4) the clinical/or laboratory para-
meters could be combined with imaging and/or molecular prognostic
markers; 5) the outcome should be evaluated through overall survival
(OS) expressed as a percentage.

Articles were excluded if they (1) were case reports, letters, com-
mentaries, meeting records or review articles; (2) included only pa-
tients with one type of DLBCL (e.g. primary central nervous system
lymphoma (PCNSL); leg type, primary mediastinal B cell lymphoma
(PMBCL), etc.); (3) lacked sufficient data for estimating OS (4) pro-
posed an index based exclusively on histopathological or molecular
data; 5) studies that tested models that were created on populations
other than lymphoma (e.g. cancer, geriatric patients, etc.); or 6) indexes
created on a relapsed/refractory DLBCL population.

2.3. Data extraction

After an initial database search was carried out, each study was
screened for eligibility based on the abstract and finally full text. From
this, the necessary data for descriptive and quantitative analysis were
extracted.

The extracted contents included the first author’s name, index name
where given, publication year, parameters included in the search, risk
categories, number of patients per group of new index (where avail-
able) expressed as a percentage, date of recruitment, inclusion and
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exclusion criteria, sampling type, statistics, median age of analysed
patients, follow-up duration, and OS. If the OS was not reported di-
rectly, data were extracted from the survival curve published in the
article and then percentages were estimated by using GetData Graph
Digitizer 2.26. Where available 5-year OS was preferably reported.

3. Results

According to the initial search strategy, a total of 4809 potentially
relevant articles were recognised in PubMed, and Embase. After a
browse of the titles and abstracts, non-English studies, non-human
studies, evaluated indexes created on non-lymphoma population, re-
lapsed/refractory DLBCL, reviews, studies that evaluated only one type
of DLBCL/localized disease, 348 papers were obtained for the full-text.
Of them 31 studies were included in the review, along with 7 that were
retrieved from secondary references, while the remaining 317 were
excluded based on full-text screening, lack of sufficient data for esti-
mating OS, and creation of scores without given stratification (Fig. 1).
No unpublished relevant studies were obtained.

A total of 38 studies proposed scores that could be used in the
general DLBCL population, of which, 7 proposed models that only
evaluated elderly patients. (Fig. 1).

Tables 1 and 2 provide a summary of the mutual parameters that
were used in each score in both the general, and elderly DLBCL popu-
lation, respectively. Table 3 provides a summary of characteristics of
each of the included studies. Table 4 gives a summary of statistical
methods, median OS, follow up and validation for each study. Table 5
provides a summary of number of studies per each parameter that were
used in prognostic model, with given references. All studies were ret-
rospective observational studies. However, there wasn’t found clinical
trial that proposed a new prognostic model for DLBCL patients.

Stage of the disease, according to Ann Arbor (Saygin et al., 2017;
Shipp et al., 1993; Sehn et al., 2007; Zhou et al., 2014; Melchardt et al.,
2015; Salles et al., 2011; Conconi et al., 2000; Barrans et al., 2002; Cox
et al., 2008; Gang et al., 2015; Kong et al., 2016; Xu-Monette et al.,
2016; Montalbén et al., 2017; Kang et al., 2017; Antic et al., 2018; Zhao
et al., 2018; Gao et al., 2018; Advani et al., 2010; Prochazka et al.,
2014; Miura et al., 2017; Liu et al., 2018a; Pardal et al., 2018) and
ECOG (Eastern Oncology Cooperative Group) (Saygin et al., 2017;
Shipp et al., 1993; Sehn et al., 2007; Zhou et al., 2014; Melchardt et al.,
2015; Salles et al., 2011; Conconi et al., 2000; Barrans et al., 2002; Cox
et al., 2008; Huang et al., 2013; Gang et al., 2015; Kanemasa et al.,
2017; Chen et al., 2016; Xu-Monette et al., 2016; Kobayashi et al.,
2016; Montalban et al., 2017; Kang et al., 2017; Antic et al., 2018; Zhao
et al., 2018; Gao et al., 2018; Advani et al., 2010; Prochazka et al.,
2014; Candelaria et al., 2018; Pardal et al., 2018) was the most
common clinical parameter that were used in a total of 24 studies, while
23 studies used LDH (lactate dehydrogenase) as one of the most
common laboratory parameters (Saygin et al., 2017; Shipp et al., 1993;
Sehn et al., 2007; Zhou et al., 2014; Melchardt et al., 2015; Salles et al.,
2011; Conconi et al., 2000; Barrans et al., 2002; Cox et al., 2008;
Tomita et al., 2012; Lanic et al., 2012; Nols et al., 2014; Gang et al.,
2015; Xu-Monette et al., 2016, 2016; Kobayashi et al., 2016; Montalban
et al., 2017; Kang et al., 2017; Antic et al., 2018; Zhao et al., 2018; Gao
et al., 2018; Advani et al., 2010; Pardal et al., 2018) (Table 4).

One study reported a prognostic model assessed only by clinical
parameters (Prochazka et al., 2014), five based on laboratory para-
meters (Wilcox et al., 2011; Aoki et al., 2013; Batty et al., 2013; Ho
et al., 2015; Ochi et al., 2017), a combination of clinical and laboratory
parameters was used in 24 studies (Saygin et al., 2017; Shipp et al.,
1993; Sehn et al., 2007; Zhou et al., 2014; Melchardt et al., 2015;
Conconi et al., 2000; Cox et al., 2008; Tomita et al., 2012; Huang et al.,
2013; Gang et al., 2015; Kanemasa et al., 2017; Chen et al., 2016;
Kobayashi et al., 2016; Montalban et al., 2017; Kang et al., 2017; Antic
et al., 2018; Zhao et al., 2018; Matsumoto et al., 2018; Gao et al., 2018;
Advani et al., 2010; Miura et al., 2017; Candelaria et al., 2018; Liu
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et al., 2018a; Pardal et al., 2018), clinical and immunohistochemical
(IHC) parameters in 3 (Salles et al., 2011; Barrans et al., 2002; Xu-
Monette et al., 2016), and a combination of clinical, imaging and/or
molecular parameters in 4 (Lanic et al., 2012; Nols et al., 2014; Kong
et al., 2016; Xu-Monette et al., 2016).

3.1. Findings

3.1.1. Clinical parameters

Only one study that exclusively evaluated clinical parameters (age,
bulky disease, ECOG) was found. Although it provided internal vali-
dation, the model was not validated in an independent cohort
(Prochéazka et al., 2014).

3.1.2. Laboratory parameters

A total of 7 studies proposed scores based on laboratory parameters
only (Wilcox et al., 2011; Aoki et al., 2013; Batty et al., 2013; Jung
et al., 2015; Ho et al., 2015; Ochi et al., 2017; Sun et al., 2018). Of these
4 analysed the influence of absolute lymphocyte count (ALC) in com-
bination with absolute monocyte count (AMC) (Wilcox et al., 2011;
Aoki et al., 2013; Batty et al., 2013; Ho et al., 2015). One study com-
bined the lymphocyte-monocyte ratio (LMR), with the C-reactive pro-
tein (CRP) and albumin level (Sun et al., 2018), while another - com-
bined - lactate dehydrogenase (LDH) with CRP and albumin level (Jung
et al.,, 2015). One study analysed the influence of platelet count in
combination with albumin level (Ochi et al., 2017). None of these
studies had internal or external validation (Wilcox et al., 2011; Aoki
et al., 2013; Batty et al., 2013; Jung et al., 2015; Ho et al., 2015; Ochi
et al., 2017; Sun et al., 2018).

3.1.3. Combination of clinical and laboratory parameters

A total of 24 studies have combined clinical parameters and dif-
ferent laboratory parameters (Saygin et al., 2017; Shipp et al., 1993;
Sehn et al., 2007; Zhou et al., 2014; Melchardt et al., 2015; Conconi
et al., 2000; Cox et al., 2008; Tomita et al., 2012; Huang et al., 2013;
Gang et al., 2015; Kanemasa et al., 2017; Chen et al., 2016; Kobayashi
et al., 2016; Montalbéan et al., 2017; Kang et al., 2017; Antic et al.,
2018; Zhao et al., 2018; Matsumoto et al., 2018; Gao et al., 2018;
Advani et al., 2010; Miura et al., 2017; Candelaria et al., 2018; Liu
et al., 2018a; Pardal et al., 2018). Four studies have combined the same
parameters (age, ECOG, extranodal - EN sites, stage, and LDH) that are
included in the IPI (Shipp et al., 1993; Sehn et al., 2007; Zhou et al.,
2014; Melchardt et al., 2015; Advani et al., 2010). All of these studies,
except one, have been validated in an external cohort of patients (Shipp
et al., 1993; Ziepert et al., 2010; Hosoda et al., 2018; Sehn et al., 2007;
Zhou et al., 2014; Advani et al.,, 2010; Prochédzka et al., 2014;
Nicolaides et al., 1998; Biccler et al., 2018; Olszewski et al., 2015; Hong
et al., 2011; Huang et al., 2012; Hong et al., 2017; Yang et al., 2017;
Nakaya et al., 2016; Huang et al., 2015; Spiegel et al., 2017).

Beta-2-microglobulin ($2-M) was combined with clinical para-
meters in 7 studies (Conconi et al., 2000; Kanemasa et al., 2017; Chen
et al., 2016; Montalbén et al., 2017; Kang et al., 2017; Zhao et al., 2018;
Candelaria et al., 2018), while the albumin level was used in 5 studies
(Melchardt et al., 2015; Gang et al., 2015; Kobayashi et al., 2016; Miura
et al., 2017; Liu et al., 2018a). Of the mentioned studies, two had in-
ternal (Kobayashi et al., 2016; Kang et al., 2017), and two had external
validation (Montalbén et al., 2017; Miura et al., 2017; Liu et al., 2018a;
Hong et al., 2017). Combination of clinical parameters and ALC, AMC
and/or absolute neutrophil count (ANC) was used in 3 studies (Cox
et al., 2008; Huang et al., 2013; Chen et al., 2016), of which only one
was externally validated (Cox et al, 2008; Huang et al., 2013;
Prochézka et al., 2014; Bari et al., 2009). One study proposed a model
using serum soluble interleukin-2 receptor (sIL-2R) levels in combina-
tion with the stage of disease and LDH. This model was validated on
additional patients from the same institution few years later (Tomita
et al., 2012, 2016). One study analysed lipid status in combination with
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Table 2
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Clinical parameters, laboratory parameters, immunohistochemical and molecular parameters per prognostic tool in elderly DLBCL population.

4 IPI*
(Shipp
et al.,

1993)

Alternative* NCCN-
IPI for elderly
(Melchardt et al.,
2015)

E-IPI
(Advani
et al., 2010)

ABE4/ABE3-
score
(Prochéazka
et al., 2014)

parameters ACA

(Miura
et al.,
2017)

c¢NCCN-IPT*
(Antic
et al.,
2018)

IACA
(Liu

et al.,
2018a)

Pardal
et al.
(Pardal
et al.,
2018)

Candelaria
et al.
(Candelaria
et al., 2018)

PA score*
(Ochi
et al.,
2017)

Saygin
et al.
(Saygin
et al.,
2017)

CLINICAL
Age
ECOG

EN sites
Stage X
Bulky disease X

CCIL X
CIRS

IADL

BIOMARKERS

Hb

LDH X X X

albumin X
B2M

PLT

INDEX

IPI

R-IPI

ACA

Mox
[T I ]
[T I ]

Mox M M

X

%Pl — age adjusted IPI; ABE — Age, bulk, ECOG; ACA - Age, Comorbidity, Albumin; B2M - -2 microglobulin; CCI — Charlson Comorbidity Index; CIRS - Cumulative
illness rating scale; cNCCN-IPI — comorbidity NCCN-IPI; ECOG - Eastern Cooperative Oncology Group; E-IPI — Elderly-IPI; EN — Extranodal; Hb ~-Haemoglobin; IADL —
Instrumental Activities of Daily Living; IPI — International Prognostic Index; LDH — Lactate dehydrogenase; NCCN-IPI — National Comprehensive Cancer Network; R-

IPI — Revised-IPI; PA score — Platelet-albumin.

NCCN-IPI (National Comprehensive Cancer Network-IPI) variables and
performed internal validation (Gao et al., 2018).

Four studies incorporated comorbidities in prognostic models
(Saygin et al., 2017; Antic et al., 2018; Miura et al., 2017; Pardal et al.,
2018), with only one study that was validated by an independent cohort
(Miura et al., 2017; Liu et al., 2018a). Anaemia was incorporated in
prognostic models in two studies, that were neither internally or ex-
ternally validated (Matsumoto et al., 2018; Candelaria et al., 2018).

3.1.4. Imaging parameters

Three studies incorporated interim Positron Emission Tomography
(i-PET) in prognostic models (Lanic et al., 2012; Nols et al., 2014; Kong
et al., 2016), with one study that was externally validated (Kong et al.,
2016; Liu et al., 2018b). However, these studies were limited by the
number of analysed patients (range 45-105).

3.1.5. Immunohistochemical (IHC) parameters

Three studies incorporated IHC parameters into IP1/ or IPI variables
(Salles et al., 2011; Barrans et al., 2002; Xu-Monette et al., 2016).
However, none of these studies have been externally or internally va-
lidated.

3.1.6. Molecular parameters

Three studies incorporated the results of gene expression profiling
(GEP) analysis that determined the cell of origin, and combined it with
clinical and/or imaging techniques (Lanic et al., 2012; Kong et al.,
2016; Xu-Monette et al., 2016). One of these studies was externally
validated (Kong et al., 2016; Liu et al., 2018Db).

3.1.7. Models used in elderly patients

A total of 7 studies have proposed models that were built up -
specifically on data from elderly patient populations (Saygin et al.,
2017; Ochi et al., 2017; Advani et al., 2010; Prochazka et al., 2014;
Miura et al., 2017; Candelaria et al., 2018; Pardal et al., 2018). Of these
7 prognostic models for elderly patients, one had only internal valida-
tion (Prochazka et al., 2014), while two were externally validated
(Hosoda et al., 2018; Advani et al., 2010; Miura et al., 2017; Liu et al.,

2018a).

Of 31 studies that were created for the general population, one
study proposed refinement of point categorisation of NCCN-IPI vari-
ables for elderly patients, one showed better discriminatory power
when only elderly populations were analysed, and two retained prog-
nostic significance when tested on elderly patients (Shipp et al., 1993;
Melchardt et al., 2015; Ochi et al., 2017; Antic et al., 2018). In total, 11
studies proposed scores that could be used in this specific group of
patients.

3.1.8. Therapy

Regarding treatment of patients, 3 studies analysed patients who
were treated without rituximab-based regiments (Shipp et al., 1993;
Conconi et al., 2000; Barrans et al., 2002). Two studies included pa-
tients who received CHOP (cyclophosphamide, doxorubicin, vincris-
tine, prednisolone) or rituximab (R) plus CHOP-based regiments (Salles
etal., 2011; Wilcox et al., 2011), while one study included patients that
were treated with R-based regimens plus patients with primary DLBCL
of the central nervous system (CNS) who received high doses metho-
trexate (MTX) (Antic et al., 2018). All other studies included patients
who were treated with R-containing regiments, the majority of them
with R-CHOP/R-CHOP-like therapy (Saygin et al., 2017; Sehn et al.,
2007; Zhou et al., 2014; Melchardt et al., 2015; Cox et al., 2008; Tomita
et al., 2012; Lanic et al., 2012; Huang et al., 2013; Aoki et al., 2013;
Batty et al., 2013; Nols et al., 2014; Jung et al., 2015; Gang et al., 2015;
Ho et al., 2015; Kanemasa et al., 2017; Kong et al., 2016; Chen et al.,
2016; Xu-Monette et al., 2016; Kobayashi et al., 2016; Montalbén et al.,
2017; Ochi et al., 2017; Kang et al., 2017; Sun et al., 2018; Zhao et al.,
2018; Matsumoto et al., 2018; Gao et al., 2018; Advani et al., 2010;
Prochézka et al., 2014; Miura et al., 2017; Candelaria et al., 2018; Liu
et al., 2018a; Pardal et al., 2018).

3.1.9. Statistics

In all studies survival was calculated using Kaplan-Meier method
and compared by the log-rank test. Uni- and/or multivariate analysis
was assessed by a Cox proportional hazards regression in the majority
of studies (Table 5).
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Table 3
Summary of characteristics of each the included studies.
Index; author No patients Parameters risk Groups % of OS (year) OS (%) Inclusion/
(publishing year) (points) paTients Exclusion criteria
month and year of inclusion
IPI 2031 Age > 60 (1) L (0-1) 35.0 5- 73.0 Inclusion: Aggressive B cell lymphoma;
(Shipp et al., 1993) ECOG >1(1) LI (2) 27.0 51.0 only patients who completed therapy by
Stage III/IV (1) HI (3) 22.0 43.0 1987
LDH > ULN (1) H (4-5) 16.0 26.0 (1982-1987)
EN sites > 1 (1)
aa IPI 761 Stage III/IV (1) L (0) 18.0 5- 56.0 Inclusion: age > 60
LDH > ULN (1) LI (1) 31.0 44.0
EN >1 (1) HI (2) 35.0 37.0
H (3) 16.0 21.0
aa IPI 1274 Stage III/IV (1) L (0) 22.0 5- 83.0 Inclusion: age <60
LDH > ULN (1) LI (1) 32.0 69.0
EN sites > 1 (1) HI (2) 32.0 46.0
H@?3) 14.0 32.0
B2M-IPI 71 Age > 60 (1) L (0-1) 39.4 3- ~72.0 Inclusion: DLBCL; CHOP
(Conconi et al., 2000) (of 111) ECOG >1 (1) LI (2) 8.4 ~50.0 (1980-1995)
Stage III/IV (1) HI (3) 8.4 ~37.0
LDH > ULN (1) H (4-6) 43.7 ~12.0
EN >1 (1)
B2M > ULN (1)
(Barrans et al., 2002) 155 IPI L (IPIL/I, Bcl- 48.4 2- 68.0 Inclusion: available clinical data and
(of 177) Bcl-2 2-, GC+ 15.5 50.0 histologic material; primary nodal de novo
GC expression I (IPI I without 36.1 20.0 DLBCL; treatment (CHOP, Radiotherapy
bcl-2 or GC alone)
expression Exclusion: PMBCL, Burkitt lymphoma, an
H (IPI I/H, underlying FL, anaplastic variants, PED
bel-2+) (1985- 1997)
IPI > 2 (1) score 0 84.0
Bcl-2 > 50% (1) score 1 75.0
lack of GC phenotype (1) score 2 40.0
score 3 7.0
R-IPI 365 Age > 60 (1) Very good (0) 10.0 4- 94.0 Inclusion: Unselected DLBCL patients; R-
(Sehn et al., 2007) ECOG > 1 (1) Good (1-2) 45.0 79.0 CHOP
Stage III/IV (1) Poor (3-5) 45.0 55.0 Exclusion: HIV; secondary malignancy;
LDH > ULN (1) underlying indolent lymphoma; major
EN>1 (1) coincident illness
(1981-January 2005)
ALC/R-IPI 101 ALC < 0.84 x 10x°/1 (1) L (0) 49.0 1.8 92.0 Inclusion: DLBCL, PMBCL, associated/
(Cox et al., 2008) R-IPI poor (1) 1(1) 35.0 81.0 developed from low grade lymphoma;
H (2) 17.0 56.0 age > 18; R-CHOP/R-CHOP-like therapy
Exclusion: PCNSL; active HBV, HIV; prior
chemo/steroid therapy in the previous 30
days
(January 2003-March 2007)
E-IPI 267 age <70 (1) L (0-1) 27.0 3- 86.0 Inclusion:
(Advani et al., 2010) LDH > 1xULN (1) LI (2) 28.0 74.0 DLBCL; R-CHOP; age=60
ECOG 2-4 (1) HI (3) 29.0 58.0
Stage III/IV (1) H (4-5) 16.0 36.0
EN sites > 1 (1)
ALC/AMC 366 ALC<1 x 10x°/1 (1) L (0) 32.0 5- ~84.0 Inclusion: DLBCL; CHOP or R-CHOP
(Wilcox et al., 2011) AMC=0.63 x 10x°/1 (1) 1(1) 51.0 ~64.0 Exclusion: HIV
H (2) 17.0 ~32.0 (1993-2007)
256 Same as above 34.0 5- ~88.0 Inclusion: only R-CHOP treated cases
50.0 ~68.0
16.0 ~28.0
Model using biomarkers 284 IPI L vs. LI vs. HI vs. H Group 1 19.7 4- 94.0 Inclusion: treated with at least 6 cycles of
(Salles et al., 2011)* (of 347) Bcl-2 < 75% vs. > 75% Group 2 29.6 81.0 CHOP/r CHOP-like with/without R;
Ki-67 < 75% vs. > 75% Group 3 20.4 62.0 available data; available diagnostic
Group 4 30.3 45.0 paraffin samples
(February 1998-August 2005)
SIL index 366 Stage = III (1) Standard (0-1) 67.0 5- 89.0 Inclusion: DLBCL; R-CHOP in the
(Tomita et al., 2012) sIL-2R =2500U/mL (1) High (2-3) 33.0 62.0 beginning
LDH = ULN (1) Exclusion: rR-CHOP from the beginning
(min 20%); IVL, PMBCL, T/HRBCL; HIV
(2003-2009)
aalP1/i-PET/GEP 45 aalPI 2-3 (1) L (0-1) 53.0 3- ~91.0 Inclusion: DLBCL; R-CHOP/R-CHOP I-
(Lanic et al., 2012) (of 57) i-PET slow metabolic response H (2-3) 47.0 ~37.0 like; available initial and i-PET; diagnostic
(e8] samples for RNA from fresh/frozen tissues
GEP ABC(1) (October 2004-Janury 2009)
Modified 3-factor model 274 ECOG >1(1) score 0 32.0 3- 95.0 Inclusion: CD 20 + DLBCL; R-CHOP/R-
(Huang et al., 2013) stage III/IV (1) score 1 34.0 79.0 CHOP-like
ALC <1 x 10x°/1 (1) score 2 25.0 40.0 Exclusion: PCNS involvement, HIV
score 3 9.0 18.0 (January 2003-December 2009)

(continued on next page)
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Index; author No patients Parameters risk Groups % of OS (year) OS (%) Inclusion/
(publishing year) (points) paTients Exclusion criteria
month and year of inclusion
IMI 229 ALC <1.0 x 10%/1 (1) L (0) 56.0 4- 83.8 Inclusion: DLBCL; R-CHOP
(Aoki et al., 2013) AMC=0.63 x 10%/1 (1) I 39.0 59.3 Exclusion: IVBL, PEL, PMBCL, HIV,
H (2) 5.1 18.8 indolent
(January 2004-January 2011)
AMLPI 245 ALC<1 x 10x°/1 (1) L (0) 42.9 3- ~92.0 Inclusion: DLBCL; R-CHOP
(Batty et al., 2013) AMC=0.61 x 10x°/1 (1) I(1) 48.6 ~76.0
H(2) 8.6 ~60.0
NCCN-IPI 1650 Age < 40 (0); 40-60 (1); 60-75 L (0-1) 19.0 5- 96.0 Inclusion: DLBCL; age > 18; R-CHOP; no
(Zhou et al., 2014) (2); >75(3) LI (2-3) 42.0 82.0 more than one histologic subtype; HIV,
LDH 1-3x ULN (1); > 3 x ULN HI (4-5) 31.0 64.0 HCV, HBV
2 H (6-8) 8.0 33.0 Exclusion: underlying lymphoma;
ECOG=2 (1) secondary malignancy; major illness that
Stage III/IV (1) preclude an attempt at curative therapy
EN site=1 (1) (June 2000-December 2011)
ABE 4 379 Age=70 (1) L (0) 13.0 3- 94.0 Inclusion: DLBCL; age =60; R-CHOP
(Prochézka et al., 2014) (of 443) bulky=7.5cm (1) LI (1) 33.0 77.0 Exclusion: CNS involvement
ECOG=1 (1) HI (2) 39.0 63.0 (April 2002-May 2010)
H@3) 14.0 35.0
ABE 3" 379 Age=70 (1); bulky=7.5cm (1); L* 23.0 3- 92.0
(of 443) ECOG=1 (1) I 61.0 67.0
H 16.0 36.0
I-PET combined with IPI (Nols 73 aalPI group 1 3- ~90.0 Inclusion: anthracyclin-containing
et al., 2014)" i-PET negative (DS 0-3)/positive  group 2 ~75.6 regimen + R (CHOP/CHOP-like, ACVBP);
(4-5); ASUV ,.x <66% vs. group 3 ~50.0 available initial and i-PET
ASUV 12y > 66%) group 4 0.0 Exclusion: HIV, HBV, HCV
(July 2003-November 2009)
modified NCCN-IPI + albumin 499 Age < 40 (0); 40-60 (1); 60-75 L (0-2) 24.0 5- 93.5 Inclusion: DLBCL; R-CHOP/R-CHOP like;
(Melchardt et al., 2015) (2); >75(3) LI (3) 19.0 78.0 Exclusion: HIV
LDH 1-3x ULN (1); > 3 x ULN HI (4-7) 49.0 55.7 (2004-2013)
2 H (8-10) 8.0 36.8
ECOG=2 (1)
Stage III/IV (1)
EN site=1 (1)
Albumin < 35g/1 (2)
Alternative NCCN-IPI for 353? Age > 60 (2) L(2) 12.0 5- 89.0 Inclusion: age > 60
elderly” LDH > 1-3xULN (1); > 3xULN 1I(3-5) 70.0 56.5
2 H(=6) 18.0 32.3
ECOG =2 (1)
Stage III/IV (1)
EN sites > 1 (1)
L-GPS 213 hypoalbuminemia (1) Score 0 (0) 35.2 5- ~87.0 Inclusion: CD20 + DLBCL; no prior
(Jung et al., 2015) CRP > 1mg/dl (1) Score 1 (1-2) 51.2 ~61.0 chemo/radiotherapy; no infectious disease
LDH > ULN (1) Score 2 (3) 13.6 ~20.0 at the initiation of therapy; R-CHOP
Exclusion: CNS involvement; HIV; NIID
(RA)
(2003-2011)
DLBCL-PI 1803 age > 70 (1) L (0-1) 33.1 5- 87.0 Inclusion: De novo DLBCL; R-CHOP/R-
(Gang et al., 2015) (of 1990) ECOG >1 (1) Ll (2) 26.1 69.0 CHOP-like
LDH > ULN (1) HI (3) 23.1 53.0 Exclusion: PCNSL; HIV; missing
Stage III/IV (1) H (4-5) 17.7 37.0 laboratory; no R-based therapy
albumin =40g/1 (1) (2000-2010)
aaDLBCL-PI 1169 ECOG >1(1) L (0) 27.2 92.0 Inclusion: aaDLBCL-PI<70 years
(of 1283) LDH > ULN (1) LI (1) 30.8 84.0
albumin =40g/1 (1) HI (2) 25.3 74.0
EN sites > 1 H (3-4) 16.7 47.0
ALC/AMC PS 148 ALC=<1.162 x 10x°/1 (1) L (0) 26.3 5- 94.4 Exclusion: PCNSL, testicular, breast
(Ho et al., 2015) AMC > 0.555 x 10x°/1 (1) 1(1) 53.4 71.2 lymphoma, paranasal involvement;
H (2) 20.3 41.0 patients who underwent not more than IV
cy R-chemo
(January 2001-December 2010)
A new risk model (b2M) 274 Age > 60 (1) L (0) 9.5 3- 100.0 Inclusion: DLBCL; R-CHOP/R-CHOP-like
(Kanemasa et al., 2017) ECOG > 1 (1) LI (1-2) 59.1 87.0 Exclusion: HIV; CNS; transformed
Stage III/IV (1) HI (3) 18.2 57.2 lymphoma from a prior indolent B cell
B2M=3.2mg/1 (1) H (4 13.1 23.4 lymphoma
(September 2004-March 2015)
A new prognostic score for 105 Age > 60 (1) L (0-1) 61.9 3- 100.0  Inclusion: DLBCL; i-PET after II cy of
DLBCL Stage III/IV (1) LI (2) 21.9 91.3 therapy; R-CHOP
(Kong et al., 2016) GEP ABC (1) HI (3) 8.6 55.6 Exclusion: PCNSL; children/adolescents
Positive i-PET DS > 3 (1) H#) 7.6 0.0 (December 2009-October 2014)
the new prognostic model 817 ANC > ULN (1); AMC > ULN L1 (0) 13.0 5- 98.0 Inclusion: De novo DLBCL; R-CHOP/R-
(Chen et al., 2016) (€8] L2() 24.0 92.0 based/chemotherapy; 2 localized disease
ECOG >1 (1) 1(2) 21.0 82.0 (radiotherapy); min II cy of chemotherapy

EN site > 1 (1)

(continued on next page)
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Index; author No patients Parameters risk Groups % of OS (year) OS (%) Inclusion/
(publishing year) (points) paTients Exclusion criteria
month and year of inclusion
B2M 1-1.5 x ULN (1); H1 (3-5) 38.0 66.0 Exclusion: HIV; Secondary malignancy
1.5-2 x ULN (2); > 2 x ULN H 2 (6-7) 4.0 21.0 (October 2001- December 2011)
3)
M-IPI-R 1037 Age > 60 (1) L (0-1) 11.0 5- ~95.0 Inclusion: DLBCL; R-CHOP/CHOP; FFPE
(Xu-Monette et al., 2016) ECOG > 1(1) LI (2-3) 33.0 ~81.0
Stage III/IV (1) 14 21.0 ~57.0
LDH > ULN (1) HI (5-6) 29.0 ~37.0
EN sites > 1 (1) H (7-8) 6.0 ~20.0
CD37 Negative (2)
ABC subtype GEP (1)
IHC + IPI 1037 Age > 60 (1) L (0-2) 19.0 5- ~91.0
ECOG >1 (1) LI (3-4) 28.0 ~78.0
Stage III/IV (1) I(5-6) 33.0 ~50.0
LDH > ULN (1) HI (7-8) 16.0 ~24.0
EN sites > 1 (1) H (9-10) 4.0 ~8.0
CD37 Negative (3)
Myc"igh 70% (1)
Bcl-2"" 70% (1)
KPI 323 LDH > 1-3 (1); =3 (2) L (0) 32.6 3- 96.4 Inclusion: R-CHOP/R-CHOP-like;
(Kobayashi et al., 2016) ECOG=2(1) LI (1-2) 42.7 84.7 Exclusion: HIV; other hematologic
Albumin < 35g/1 (1) HI (3) 11.1 63.8 disease; transformed DLBCL; PCNSL;
EN=1 (1) H (4-5) 13.6 33.3 major coincident illness
(January 2006-April 2014)
ACA index score 555 Age >75(1) excellent (0) 32.6 3- 86.0 Inclusion: age =65 years; at least I cycle
(Miura et al., 2017) CCI=3 (1) good (1) 40.4 72.0 of R-CHOP
Albumin < 37 g/1 (1) moderate (2) 23.8 51.0 Exclusion: disease involving CNS
poor (3) 3.2 0.0 (January 2001 -December 2012)
Combined model 413 IPI 3-5 (1) L (0) 35.5 5- 84.4 Inclusion: DLBCL; age = 60; received at
(Saygin et al., 2017) CCI=3 (1) 1) 55.9 60.7 least I cycle of treatment; R-CHOP/R-
H(2) 8.6 30.3 CHOP-like
(2004-2014)
GELTAMO IPI 1848 Age < 65 (0); 65-79 (1); =80 L (0) 11.0 5- 93.0 Inclusion: DLBCL all types; HBV, HCV,
(Montalban et al., 2017) (@3] LI (1-3) 58.0 79.0 HIV; R-CHOP/or intensified; age > 18
ECOG 2 (1); 3-4 (2) HI (4) 17.0 66.0 Exclusion: CNS, testis; dose reduced
Stage III/IV (1) H(> 5) 14.0 39.0 therapy
LDH > ULN (1) (January 1998 - July 2014)
p2M > ULN (1)
PA score 391 Albumin < 35g/1 (1) L (0) 62.1 5- 81.5 Inclusion: DLBCL; R-based
(Ochi et al., 2017) Platelet count < 100 x 10x°/1 I1(1) 32.0 48.6 Exclusion: PMBCL, PEL, previous indolent
(€8] H (2) 5.9 20.2 lymphoma; HIV
(January 2004-June 2014)
291 Same as above L (0) 58.8 77.6 Inclusion: age > 60
I(1) 34.7 47.9
H(2) 6.5 19.0
Modified prognostic model with 621 Age > 60 (1) L (0) 23.5 5- 95.2 Inclusion: de novo DLBCL; R-CHOP;
ba2M LDH > ULN (1) LI (1) 24.6 86.4 age > 20; life expectancy > 6 month
(Kang et al., 2017) ECOG >2(1) HI (2-3) 37.5 69.2 Exclusion: CNS
Stage III/IV (1) H (4-5) 14.3 47.8 (March 2004-June 2012)
b2M > 2.5 mg/1 (1)
ICPS 564 CRP > 8.6 mg/1 (1) ICPS 0 35.8 3- 95.6 Inclusion: DLBCL; R-CHOP
(Sun et al., 2018) Albumin < 41.5g/1 (1) ICPS 1 25.5 88.2 Exclusion: Therapy other than R-CHOP;
LMR<2.7 (1) ICPS 2 17.6 76.0 dose reduced > 20%; not completed R-
ICPS 3 21.1 62.2 CHOP; CNS, HIV; acute infection/chronic
inflammation
(November 2006-December 2013)
c¢NCCN-IPI 958 CCI=2 (3) L (0) 3.4 5- 100.0 Inclusion: DLBCL; no history of previous
(Antic et al., 2018) (of 962) + NCCN-IPI variables/scoring LI (1-2) 34.3 79.0 lymphoma; min I cy of therapy; R-based
HI (3-5) 49.4 50.0 therapy/high dose MTX for CNS patients
H (6-11) 12.5 14.0 (January 2000-December 2015)
426 Same as above LI (1-2) 16.4 5- 59.0 age=60
HI (3-5) 58.5 51.0
H(=6) 24.4 15.0
(Candelaria et al., 2018) 141 ECOG: 1 (1); 2(2); 3(3) L<5 5- 80.1 Inclusion: DLBCL; age =65; R-CHOP/R-
b2M: N (1); > N (2) I=6 55.5 CHOP like; HIV
Bulky disease: No (1); Yes (2) H>6 29.4 (January 2011-June 2015)
Hb: >100g/1 (1); < 100g/1
(2
Novel prognostic scoring 309 PLR < 170 L 5- 86.4 Inclusion: DLBCL; R-CHOP
systemw (Zhao et al., 2018) IPI/or aalPI I 54.1 Exclusion: history of malignancy;
b2M H 21.1 immunosuppression or previous treatment
(March 2009-February 2015)
IACA index 99 IADL 6-7 (1); 2-

(Liu et al., 2018a)

ACA good (1)

(continued on next page)
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Table 3 (continued)

Index; author No patients Parameters risk Groups % of OS (year) OS (%) Inclusion/
(publishing year) (points) paTients Exclusion criteria
month and year of inclusion

IADL<5 (2); L (0) 39.4 96.0 Inclusion: DLBCL; age =65; R-CHOP/R-
ACA moderate to poor (2) 1(1-2) 44.4 70.1 CHOP like
H (3-4) 16.2 24.1 (January 2003-December 2016)
(Pardal et al., 2018) 108 Age >85(1) 0-1 risk 3- 58.0 Inclusion: age =80; DLBCL de novo/
(of 251) R-IPI 3-5 (1) factors 25.0 transformed/FL grade 3b; R-CHOP/rR-
CIRS > 5 (1) 2-3 risk CHOP
factors (January 2002-December 2014)
(Matsumoto et al., 2018) 185 Stage=3 (1) Score 0 42.7 3- 94.6 Inclusion: R-CHOP
Anaemia > Gr 2 (1) Score 1 43.8 82.0 Exclusion: transfer to another hospital;
Score 2 13.5 61.4 cancer; early death; lack of information;

other therapy
(2004-2014)

Lipo-PI 367 Normal lipid level (0) L (0-2) 5- 96.9 Inclusion: no liver diseases/or previous
(Gao et al., 2018) Low HDL-C/or low LDL-C (1) LI (3-4) 79.6 malignancies; complete data; R-CHOP/R-
Low HDL-C < 1.03 mmol/l and HI (5-6) 45.0 CHOP-like; no treatment with drugs
low LDL-C < 2.60 mmol/1 (2) H (7-10) 22.5 known to affect lipid metabolism (statins/
+ NCCN-IPI variables/scoring fibrates)

Exclusion: HIV
(January 2006-December 2016)

*look in original article for calculation; aaDLBCL PI — age adjusted DLBCL PI; aalPI — age adjusted IPI; ABC - Activated B cell; ABE — Age, bulk, ECOG; ACA - Age,
Comorbidity, Albumin; ACVBP - doxorubicin, cyclophosphamide, vindesine, bleomycin, prednisone; ALC — Absolute lymphocytic count; AMC — Absolute monocyte
count; AMPLI — Absolute monocyte and lymphocyte counts prognostic index; PS — prognostic score; ANC — Absolute neutrophil count; B-2M - 3-2 microglobulin; Bel-
2 — B cell lymphoma 2; CCI - Charlson Comorbidity Index; cNCCN-IPI — Comorbidity NCCN-IPI; CNS — Central nervous system; CIRS — Cumulative illness rating scale;
CHOP - Cyclophosphamide, Doxorubicin, Vincristine, Prednisone; CRP - C reactive protein; ASUVmax — Maximum standardized uptake value; DLBCL - Diffuse large
B cell lymphoma; DLBCL PI — DLBCL prognostic index; DS — Deauville score; ECOG - Eastern Cooperative Oncology Group; EN — Extranodal; E-IPI - Elderly IPI; FL —
Follicular lymphoma; FFPE — Formalin-fixed, paraffin embedded; GC — Germinal centre; GEP - Gene expression profiling; GI — Gastrointestinal; Gr - Grade; H — High;
HBV - Hepatitis B virus; HCV — Hepatitis C virus; HDL-C — High-density lipoprotein cholesterol; HI — High intermediate; HIV — Human immunodeficiency virus; I -
Intermediate; IADL - Instrumental Activities of Daily living; ICPS — Inflammation-based cumulative prognostic score system; IHC — Immunohistochemistry; IHC +IPI
— IPI plus immunohistochemistry; i-PET — Interim-positron emission tomography; IPI — International Prognostic Index; IPI L — IPI low; IPI I — IPI intermediate (low
intermediate and high intermediate); IPI LI - IPI low intermediate; IPI H — IPI high; IPI HI — IPI high intermediate; IMI — Immunological index; IVBL — Intravascular B
lymphoma; KPI — Kyoto Prognostic Index; L — Low; LDH — Lactate dehydrogenase; ULN — Upper limit normal; LDL-C — Low-density lipoprotein cholesterol; .-GPS —
LDH plus Glasgow prognostic score; LMR - lymphocyte to monocyte ratio; Lipo-PI — Lipoprotein prognostic index; LI — Low intermediate; M-IPI-R — Molecularly
adjusted IPI for R-CHOP; MTX — Methotrexate; NCCN-IPI — National Comprehensive Cancer Network; NIID — Non-infectious inflammatory disease; PA score —
Platelet-albumin score; PCNSL - Primary central nervous system lymphoma; PED — Primary extranodal disease; PEL - Primary effusion lymphoma; PLR - Platelet to
lymphocyte ratio; PMBCL - Primary mediastinal B cell lymphoma; R — Rituximab; RA — Rheumatoid arthritis; R-CHOP - Rituximab-CHOP; R-IPI - Revised-IPI; RNA —
Ribonucleic acid; rR-CHOP — Reduced R-CHOP; sIL-2R — Soluble interleukin-2 receptor; T/HRBCL — T-cell/histiocyte-rich B-cell lymphoma.

Twenty-four studies reported no direct differences to other pre- emission tomography; IHC - Immunohistochemistry; LDH - Lactate
viously proposed models (Saygin et al., 2017; Shipp et al., 1993; Sehn dehydrogenase; LMR - lymphocyte to monocyte ratio; PLT — platelets;
et al., 2007; Conconi et al., 2000; Barrans et al., 2002; Cox et al., 2008; sIL-2R - Soluble interleukin-2 receptor
Wilcox et al., 2011; Tomita et al., 2012; Lanic et al., 2012; Aoki et al.,

2013; Batty et al., 2013; Nols et al., 2014; Jung et al., 2015; Ho et al., 4. Discussion

2015; Kong et al., 2016; Xu-Monette et al., 2016; Ochi et al., 2017; Sun

et al., 2018; Zhao et al., 2018; Matsumoto et al., 2018; Miura et al., The IPI is the most commonly used prognostic model for patients

2017; Candelaria et al., 2018; Liu et al., 2018a; Pardal et al., 2018). with DLBCL (Shipp et al., 1993; Sehn et al., 2007). Due to its’ easily
Generally, the majority of studies that evaluated combination of accessible parameters and its predictive capacity, the IPI has gained

clinical and/or laboratory parameters compared proposed scores to universal acceptance (Sehn et al., 2007). However, the main limitations

previously reported models such as IPI, aalPl, R-IPI, and NCCN-IPI of the IPI are that the study population comprised histologically
(Zhou et al., 2014; Melchardt et al., 2015; Salles et al., 2011; Huang varying, aggressive lymphomas, treated before the introduction of ri-

et al., 2013; Gang et al., 2015; Kanemasa et al., 2017; Chen et al., 2016; tuximab. Several studies have pointed to a decreased prognostic value
Kobayashi et al., 2016; Montalban et al., 2017; Kang et al., 2017; Antic of the IPI in the rituximab era, as well as the necessity for a new
et al., 2018; Gao et al., 2018; Advani et al.,, 2010; Prochazka et al., prognostic index in DLBCL, capturing our growing knowledge of disease
2014). Performance of indices was evaluated by a measure of global fit pathobiology (Zhou et al., 2014; Sehn, 2012). The prognostic sig-
(Akaike’s information criteria, AIC), by a measure of discrimination nificance of the parameters included in the IPI has been re-evaluated in
(concordance probability estimate, CPE), and/or by the area under the rituximab-treated DLBCL patients in several studies (Sehn et al., 2007;
receiver operating characteristic curve (ROC) for survival outcomes (c- Zhou et al., 2014; Melchardt et al., 2015; Advani et al., 2010). Of
index) in 13 studies. One study applied Hosmer-Lemeshow goodness-of- special interest is NCCN-IPI, that has a refined categorisation for age,
fit to the reclassified categories (Montalban et al., 2017). and LDH (Zhou et al., 2014). Furthermore, this score derives from an

ABC - Activated B cell; ALC - Absolute lymphocytic count; AMC ~ unselected population of DLBCL patients treated with rituximab based
Absolute monocyte count; ANC — Absolute neutrophil count; B-2M - 3-2 combinations, and both internally and externally validated (Hosoda

microglobulin; Bcl-2 — B cell lymphoma 2; CCI — Charlson Comorbidity et al., 2018; Zhou et al., 2014; Melchardt et al., 2015; Montalb4n et al.,
Index; CIRS - Cumulative illness rating scale; CRP — C reactive protein; 2017; Biccler et al., 2018; Hong et al., 2017; Yang et al., 2017; Nakaya

ECOG - Eastern Cooperative Oncology Group; EN - extranodal; GC — et al., 2016; Huang et al., 2015; Spiegel et al., 2017).
Germinal centre; GEP — gene expression profiling; Hb — Haemoglobin; In order to further improve prognostication of patients with DLBCL
IADL - Instrumental Activities of Daily living; Interim PET — Positron a number of laboratory parameters were combined with the IPI
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Table 5
Summary of number of studies per each parameter that were used in prognostic model, with given references.

Parameters No of studies References

CLINICAL

Age 22 (Saygin et al., 2017; Shipp et al., 1993; Sehn et al., 2007; Zhou et al., 2014; Melchardt et al., 2015; Salles et al., 2011; Conconi et al.,
2000; Barrans et al., 2002; Cox et al., 2008; Gang et al., 2015; Kong et al., 2016; Xu-Monette et al., 2016; Montalbén et al., 2017;
Kang et al., 2017; Antic et al., 2018; Zhao et al., 2018; Gao et al., 2018; Advani et al., 2010; Prochézka et al., 2014; Miura et al.,
2017; Liu et al., 2018a; Pardal et al., 2018)

ECOG 24 (Saygin et al., 2017; Shipp et al., 1993; Sehn et al., 2007; Zhou et al., 2014; Melchardt et al., 2015; Salles et al., 2011; Conconi et al.,
2000; Barrans et al., 2002; Cox et al., 2008; Huang et al., 2013; Gang et al., 2015; Kanemasa et al., 2017; Chen et al., 2016; Xu-
Monette et al., 2016; Kobayashi et al., 2016; Montalban et al., 2017; Kang et al., 2017; Antic et al., 2018; Zhao et al., 2018; Gao
et al., 2018; Advani et al., 2010; Prochazka et al., 2014; Candelaria et al., 2018; Pardal et al., 2018)

EN involvement 18 (Saygin et al., 2017; Shipp et al., 1993; Sehn et al., 2007; Zhou et al., 2014; Melchardt et al., 2015; Salles et al., 2011; Conconi et al.,
2000; Barrans et al., 2002; Cox et al., 2008; Nols et al., 2014; Gang et al., 2015; Chen et al., 2016; Xu-Monette et al., 2016; Kobayashi
et al., 2016; Antic et al., 2018; Gao et al., 2018; Advani et al., 2010; Pardal et al., 2018)

Ann Arbor stage of disease 24 (Saygin et al., 2017; Shipp et al., 1993; Sehn et al., 2007; Zhou et al., 2014; Melchardt et al., 2015; Salles et al., 2011; Conconi et al.,
2000; Barrans et al., 2002; Cox et al., 2008; Tomita et al., 2012; Lanic et al., 2012; Nols et al., 2014; Gang et al., 2015; Kanemasa
et al., 2017; Kong et al., 2016; Xu-Monette et al., 2016; Montalban et al., 2017; Kang et al., 2017; Antic et al., 2018; Zhao et al.,
2018; Matsumoto et al., 2018; Gao et al., 2018; Advani et al., 2010; Pardal et al., 2018)

Bulky disease 2 (Prochézka et al., 2014; Candelaria et al., 2018)

Comorbidities (CCI/CIRS) 4 (Saygin et al., 2017; Miura et al., 2017; Liu et al., 2018a)/ (Pardal et al., 2018)

IADL 1 (Liu et al., 2018a)

BIOMARKERS

LDH 23 (Saygin et al., 2017; Shipp et al., 1993; Sehn et al., 2007; Zhou et al., 2014; Melchardt et al., 2015; Salles et al., 2011; Conconi et al.,
2000; Barrans et al., 2002; Cox et al., 2008; Tomita et al., 2012; Lanic et al., 2012; Nols et al., 2014; Jung et al., 2015; Gang et al.,
2015; Xu-Monette et al., 2016; Kobayashi et al., 2016; Montalban et al., 2017; Kang et al., 2017; Antic et al., 2018; Zhao et al., 2018;
Gao et al., 2018; Advani et al., 2010; Pardal et al., 2018)

ALC 5 (Cox et al., 2008; Wilcox et al., 2011; Huang et al., 2013; Aoki et al., 2013; Batty et al., 2013)

AMC 4 (Wilcox et al., 2011; Aoki et al., 2013; Batty et al., 2013; Chen et al., 2016)

LMR 1 (Sun et al., 2018)

ANC 1 (Chen et al., 2016)

albumin 6 (Melchardt et al., 2015; Jung et al., 2015; Gang et al., 2015; Kobayashi et al., 2016; Ochi et al., 2017; Miura et al., 2017; Liu et al.,
2018a)

CRP 2 (Jung et al., 2015; Sun et al., 2018)

B2M 7 (Conconi et al., 2000; Kanemasa et al., 2017; Chen et al., 2016; Montalban et al., 2017; Kang et al., 2017; Zhao et al., 2018;
Candelaria et al., 2018)

PLT 2 (Ochi et al., 2017; Zhao et al., 2018)

Hb 2 (Matsumoto et al., 2018; Candelaria et al., 2018)

sIL-2R 1 (Tomita et al., 2012)

Lipid status 1 (Gao et al., 2018)

IHC

Bcl-2 3 (Salles et al., 2011; Barrans et al., 2002; Xu-Monette et al., 2016)

Ki-67 1 (Salles et al., 2011)

Myc 1 (Xu-Monette et al., 2016)

CD37 expression 1 (Xu-Monette et al., 2016)

GC phenotype 1 (Barrans et al., 2002)

MOLECULAR

GEP (ABC vs. GC) 3 (Lanic et al., 2012; Kong et al., 2016; Xu-Monette et al., 2016)

IMAGING

Interim PET 3 (Lanic et al., 2012; Nols et al., 2014; Kong et al., 2016)

variables. The prognostic role of decreased albumin level was used as a
sign of unfavourable biology, inability to tolerate chemotherapy, due to
comorbid conditions, high risk EN sites and poor nutritional status, was
confirmed in the large Danish population (Gang et al., 2015). By
combining low serum albumin with clinical parameters, it is possible to
overcome classical risk factors such as old age, increased LDH and
advanced stage of the disease (Melchardt et al., 2015; Gang et al., 2015;
Ochi et al., 2017). Another biomarker - B2 M has been combined with
the IPI variables in non-rituximab treated patients (Conconi et al.,
2000). In the rituximab era, 2 M incorporated in a new risk models,
lead to superior prognostic power compared to NCCN-IPI (Kanemasa
et al., 2017; Montalbén et al., 2017) or the IPI (Kang et al., 2017; Zhao
et al.,, 2018). This parameter was also combined with other clinical
parameters (Kanemasa et al., 2017; Chen et al., 2016) and/or labora-
tory parameters (Chen et al., 2016; Candelaria et al., 2018), as well as
IHC (Salles et al., 2011; Barrans et al., 2002). However, limitations of
these studies include: number of analysed patients, retrospective
nature, selection bias due to missing data in some patients, no data of
potential influence of renal failure on serum B2M level and lack of
external validation.

Based on the increasing evidence that the presence of a systemic

13

inflammatory response is related to the outcome of lymphoma patients,
several prognostic scores incorporated CRP concentration, or platelet
counts as inflammatory parameters (Jung et al., 2015; Sun et al., 2018;
Zhao et al., 2018). However, due to the retrospective nature of these
studies, it is not easy to differentiate the causes of elevated CRP in
complicating infectious disease and genuine tumour derived in-
flammation (Sun et al., 2018; Zhao et al., 2018). The role of lipid status
(Gao et al., 2018) and anaemia has been modestly investigated, mainly
in the retrospective, not-validated studies with limited number of pa-
tients (Matsumoto et al., 2018).

By using GEP, it is demonstrated that the length of survival of NHL
patients is associated, to a large degree, with the molecular features of
non-malignant immune cells present in the tumour at the time of di-
agnosis (Rosenwald et al., 2002; Dave et al., 2004; Lenz et al., 2008;
Alizadeh et al., 2000; Gutierrez-Garcia et al., 2011). ALC and AMC
derived from pre-treatment cell blood counts were tested as potential
surrogate biomarkers of the host’s adaptive immunity and immune
microenvironment. ALC was used in prognostic models based on its
prognostic relevance in NHL, while AMC was used because myeloid-
lineage cells promote tumorigenesis by contributing to the suppression
of their host’s antitumor immunity and by stimulating tumour
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angiogenesis (Cox et al., 2008; Wilcox et al., 2011; Huang et al., 2013;
Aoki et al., 2013; Chen et al., 2016; Porrata et al., 2010). However,
these studies are limited by the number of patients, short follow-up, and
the lack of consensus regarding relevant ALC/or AMC cut-off points
(Cox et al., 2008).

An early attempt to improve prognostic significance of the IPI by
addition of IHC variables was made more than 15 years ago (Barrans
et al., 2002). A new insight in DLBCL pathobiology was made by in-
troduction of GEP, but its incorporation into daily practice remains a
challenge due to high costs and the necessity for technical support
(Wilcox et al., 2011; Rosenwald et al., 2002; Lenz et al., 2008). Al-
though, many attempts were made to transfer molecular classification
into an IHC score, stratification based on IHC algorithms cannot accu-
rately predict GEP subtypes (Salles et al., 2011; Gutierrez-Garcia et al.,
2011). Therefore, expression of individual biomarkers such as Bcl2, Ki-
67, Myc, or CD37 were combined with clinical parameters in three
studies (Salles et al., 2011; Barrans et al., 2002; Xu-Monette et al.,
2016). However, the inability of these biomarkers to further stratify
outcome of high-risk IPI patients may reflect the superiority and ro-
bustness of patient characteristics over the biological characteristics of
tumour cells (Salles et al., 2011; Schmidt-Hansen et al., 2017; Scott
et al., 2014).

Functional imaging of tumour with [18 F]-fluorodeoxyglycose PET
(FDG-PET) at diagnosis and after a few cycles of chemotherapy (i-PET)
could be helpful in optimizing initial DLBCL staging and assessment
treatment response (Lanic et al., 2012). Several studies proposed
models based on clinical parameters, i-PET and/or molecular features
of the lymphoma determined by GEP (Lanic et al., 2012; Nols et al.,
2014; Kong et al., 2016; Xu-Monette et al., 2016). The interpretation of
i-PET is not always reproducible, and the rate of false-positive interim
scans is not insignificant (Wilcox et al., 2011; Lanic et al., 2012; Itti
et al., 2009; Barrington and Mikhaeel, 2016). The idea of combining
clinical parameters, biomarkers, i-PET (that shows changes of tumour
metabolic activity and reflects the objective interim treatment response
during treatment), with/without molecular parameters (that reflect the
initial state of disease and genetic heterogeneity) is quite appealing and
inspired by the successful PET-adapted treatment guidance successfully
implemented in the treatment of Hodgkin lymphoma. However, these
studies are limited due to their retrospective nature, and small number
of patients, which makes application of these proposed models ques-
tionable (Lanic et al., 2012; Nols et al., 2014; Kong et al., 2016).

In the elderly population the incidence of DLBCL rises with close to
50% of patients being older than 70, and the older age is associated
with the poorer outcomes (Saygin et al., 2017). The IPI had split the
population into 2 age groups: <60 and > 60. This is based on avail-
ability of intensive treatment which is restricted to younger patients
(Shipp et al., 1993). The introduction of rituximab has resulted in si-
milar dose intensity of therapies in both younger and older patients
(Pfreundschuh et al., 2011, 2006; Pfreundschuh et al., 2008). However,
being > 70 years old has since been recognised as an adverse factor,
largely due to therapy-related toxicity and inability to complete
planned therapy (Pfreundschuh et al., 2008). This age limit was used in
several prognostic scores that analysed elderly patients (Advani et al.,
2010; Prochazka et al., 2014). NCCN-IPI excluded elderly patients from
low risk group due to the higher risks that age brings. An alternative
NCCN-IPI for the elderly was proposed, because the fit patients are not
adequately recognised by the NCCN-IPI, but could be eligible for an
intensified regime, in the absence of other risk factors (Melchardt et al.,
2015). Furthermore, compared to younger patients, elderly patients are
more likely to have comorbidities, poorer ECOG, are more likely to
experience treatment-related toxicity and more often experience dose
reductions, which might contribute to less-effective outcome. In four
studies comorbidities were evaluated using CCI/or CIRS (cumulative
illness rating scale), along with clinical parameters and biomarkers
(Saygin et al., 2017; Miura et al., 2017; Liu et al., 2018a; Pardal et al.,
2018). One study, that incorporated CCI in a prognostic model, was
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developed for a general DLBCL population, but provided better dis-
criminative power when tested on the elderly population (Antic et al.,
2018). However, these studies are limited, mainly due to their retro-
spective nature, heterogeneity of the analysed populations, and lack of
external validation. Moreover, CCI is not as extensively used world-
wide, which may limit the applicability of proposed models (Liu et al.,
2018a). Furthermore, proposed models indicated that although the
presence of comorbidities is a key prognostic factor of survival, they did
not seem to significantly influence the choice of treatment type (Pardal
et al., 2018).

This review has some limitations that are mainly due to the process
used to search the literature and select the articles. Some potentially
important studies might have been missed due to language selection,
since we have used English articles only. Despite the potential limita-
tions, our review demonstrates the need for further refinement of
models that incorporate clinical, biological, molecular and imaging
information into prognostication and clinical decision making.

5. Conclusion

Due to improved treatment options, pathobiology and life ex-
pectancy of DLBCL patients, the widely used IPI has been challenged,
and a number of new prognostic scores have been proposed. So far, R-
IPI and the even more recent NCCN-IPI have shown improved prog-
nostic value compared to IPI in a few independent study populations.
Although other models have suggested better discriminative power
compared to NCCN-IPI, they have not been externally validated.
Furthermore, the majority of proposed models are limited due to their
retrospective nature, number of included patients, lack external vali-
dation and comparison to other models. It is evident that a vast number
of potential prognostic models have been emerging over the recent
years, but still there isn’t a model that successfully combines the ma-
jority of the prognostic important parameters in DLBCL. The model that
could be used for a more personalized treatment approach in DLBCL
patients is not our present yet, but our future.
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