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Abstract: Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin
lymphoma (NHL). Both the clinical behavior and the underlying biological process are very heterogeneous
in DLBCL, suggesting the necessity of utilizing individualized and risk adapted therapy. The international
prognostic index (IPI) has been widely used for risk evaluation in DLBCL. Although IPI could successfully
differentiate DLBCL patients into four groups with different outcome in the era of conventional
chemotherapy, the efficacy of the IPI has declined in the era of rituximab. Newer prognostic systems,
including the revised IPI (R-IPI) and the enhanced IPI (NCCN-IPI), have shown superiority over the
traditional IPI in predicting outcome in DLBCL patients treated with rituximab based therapy. Risk
stratification system based solely on clinical factors is feasible in daily practice, but they can not necessarily
reflect the underlying biological process, and it’s very hard to tailor targeted therapy based on solely clinical
information. Over the past decade, numerous biomarkers were shown to be prognostic or predictive.

However, incorporating biomarkers and clinical factors in one risk stratification system remains challenging.
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Background

Diffuse large B-cell lymphoma (DLBCL) is the most
common subtype of non-Hodgkin lymphoma (NHL),
accounting for more than 30% of all cases (1). The standard
treatment for patients with DLBCL had been CHOP
regimen (cyclophosphamide, doxorubicin, vincristine
and prednisone) for many years until the introduction of
the anti-CD20 monoclonal antibody rituximab, which has
dramatically improved the outcome of DLBCL patients (2-5).
Novel agents, including monoclonal antibody, epigenetic
therapeutic agents, and small-molecule kinase inhibitors,

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

are also under development.

The clinical course of DLBCL is rather diverse, ranging
from a relatively indolent course to an extremely aggressive
one. In addition to the diversity in clinical outcome, the
biological features of DLBCL are also very heterogeneous,
suggesting that DLBCL may comprise several distinct
disease entities that might ultimately benefit from different
therapeutic approaches. Under current treatment strategy,
most DLBCL patients could achieve an optimal response
and experience a relatively long overall survival (OS).

However, a small proportion of patients do not respond
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well or experience early relapse. To better identify high risk
patients and eventually develop better treatment strategy,
identifying risk factors and developing risk stratification
system become crucial.

IPI and other clinical parameters

For decades, clinicians have been using the revised IPI
(R-IPI) to predict outcome of DLBCL patients. The IPI,
using five clinical and laboratory parameters including
age >60 years, stage III/IV disease, Eastern Cooperative
Oncology Group (ECOG) performance status score >2,
more than one extranodal site of disease and elevated
lactate dehydrogenase (LDH) level, defines four distinct
outcome groups with different 5-year OS ranging from
26% to 73%. However, the efficacy of the IPI has declined
in the era of rituximab therapy. Several prognostic scoring
systems have been developed to refine the traditional IPI.
The R-IPI identified three distinct prognostic groups
instead of four groups, with the exact same parameters
but different grouping criteria as in the traditional IPI
do (6). The enhanced IPI (NCCN-IPI) further refined the
categorization of age and normalized LDH and defined
four risk groups (7). Both the R-IPI and the NCCN-IPT are
more powerful than the IPI for predicting survival in the
rituximab era.

Recent studies have identified additional clinical
prognostic markers other than those included in the
traditional and R-IPI. Male sex appears to have a negative
impact on outcome of elderly patients, due to a faster
rituximab clearance in elderly males compared with elderly
females (8). Elevated serum free light chains and C-reactive
protein level are also identified as independent prognostic
markers that indicate less favorable outcome (9-11). Low
absolute lymphocyte/absolute monocyte counts ratio was
shown to counteract the beneficial effect of rituximab on
survival, which might be related to host adaptive immunity
and the tumor microenvironment (12,13). Concordant
bone marrow involvement portends a poorer prognosis in
DLBCL patients treated with rituximab, whereas discordant
bone marrow involvement does not (14). Additionally,
increased body mass index (BMI) has been reported to be a
favorable prognostic factor, but it remains controversial (15-17).

Using additional clinical parameters allows further
risk assessment beyond the traditional and R-IPI. The
clinical data required could be easily obtained, making
it very applicable in daily practice. However, as clinical
parameters are only surrogates of the underlying biological
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features, risk stratification based solely on clinical factors
can not necessarily reflect the biological process of disease.
Furthermore, although the clinical factors could be useful
in guiding risk adapted therapy to some extent, it remains
very difficult, if not impossible, to direct targeted therapy.

Cell of origin (COO) and molecular markers

With the advent of genome-wide expression profile (GEP)
technology, DLBCL has been categorized into at least two
subgroups based on their similarities with putative COO:
the germinal center B-cell (GCB) subtype and the activation
B-cell (ABC) subtype, with a small proportion of patients
remaining unclassifiable (18). What’s more, the COO
classification based on GEP was shown to be predictive of
OS in DLBCL, and the ABC subtype had a less favorable
outcome in both pre-rituximab and rituximab era (19-22).
However, GEP is not suitable for the clinical routine due
to the high requirement of sample preparing and huge
expense. Alternatively, several immunohistochemistry IHC)
based algorithms, are routinely used to determine COO in
DLBCL. Nevertheless, the reproducibility of them remains
doubtable and challenged (23,24), due to high variability of
this technique (25) and failure to identify the unclassifiable
subgroup. More recently, GEP based assay performed on
paraffin embedded tissue is used to classify DLBCL and
predict clinical outcome, exhibiting high consistency with
the traditional GEP classifier (26,27). This new method
is likely to make it more convenient and accurate to apply
COO classification to stratifying DLBCL and predicting
prognosis.

Besides COO classification, numerous molecular
prognostic markers have been identified. Here, we focus on
several robust biomarkers among them.

TP53 mutation is probably the very first genetic
variation to be reported in the prognosis of patients with
DLBCL, the importance of which was demonstrated as
early as 1997 (28). TP53 mutations indicate unfavorable
prognosis in patients treated with or without rituximab
(28-31), and mutations in the DNA-binding domains are
the strongest predictor of poor OS (29-31). In the era of
conventional chemotherapy, TP53 mutations were shown
to be adverse prognostic indicators only in patients with
GCB subtype DLBCL, but not in those with ABC subtype.
In contrast, when it comes to the era of R-CHOP therapy,
TPS53 mutations regain the efficacy in stratifying R-CHOP
treated patients with either GCB or ABC subtype (31).
Furthermore, IHC analysis showing >50% cells expressing
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p53 protein could serve as a useful surrogate, when gene
mutation analysis is not available (31).

MYC rearrangement (MYC-R) was reported to be a
strong adverse prognostic factor in the era of rituximab in
most studies (32-35), and the adverse impact of MYC-R
was shown to be correlated with the MYC translocation
partner gene: only GCBs with IG genes, but not with
other partner genes, have an adverse prognostic impact
in DLBCL patients (36). MYC break may occur as a sole
genetic event or in combination with BCL2 and/or BCL6
translocations defining “double-hit” lymphoma (DHL) or
“triple-hit” lymphomas (THL) (37), which generally tends
to have a very poor survival (38,39). As expected, MYC/
BCL2 protein coexpression also contributes to the inferior
survival of DLBCL patients treated with rituximab (40,41),
but neither MYC nor BCL2 protein expression alone
significantly impacts survival (40). Regarding the prognostic
impact of BCL2 expression alone, several previous studies
revealed inconsistent results (42,43), due to small patient
cohorts and confounding effects of MYC expression.

Immune escape is a critical gateway to malignancy,
representing the defeat of immune surveillance. Tumor cells
escape immune destruction, at least partially, by exploiting
the inhibitory programmed cell death 1 (PD-1)/programmed
cell death I ligand 1 (PD-L1) immune checkpoint. The
presence of a large number of PD-1" tumor-infiltrating
lymphocytes (TILs) in DLBCL is associated with favorable
survival (44). Patients with tumors expressing PD-L1 (45,46)
and high level of soluble PD-L1 in plasma (47) demonstrate
inferior survival upon long term follow-up. Therefore,
identification of DLBCL cases that express PD-L1 may
contribute to targeted immunotherapy in this distinct
subgroup.

CDS5, a pan-T-cell surface marker, is rarely expressed in
DLBCL, but recently de novo CD5" DLBCL is increasingly
recognized as a subtype of DLBCL with an aggressive
disease course in the era of rituximab (48-50). CD30
originally identified as a cell surface marker of Reed-
Sternberg and Hodgkin cells in classic Hodgkin lymphoma
(HL) is also expressed in DLBCL. The CD30 expression
is associated with favorable outcome in R-CHOP treated
patients, but indicates extremely poor survival in those who
are positive for Ebstein-Barr virus (EBV) (51).

In addition to the factors mentioned above, other
genetic aberrations, including MYD88 mutations (52),
FOXP1 overexpression (49,53), loss of PRDM1/
BLIMP-1 function (54), RCORI1 deletions (55), and HLA
specificities (56) have been identified as relevant prognostic
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factors of DLBCL. Despite the significant improvement
brought by rituximab, the outcome remains dismal in
a portion of patients. Although R-CHOP-21therapy
remains to be the standard of care, many clinical trials are
investigating alternative treatments for high risk patients.
As it remains difficult to direct targeted therapy based on
the IPI, R-IPI or NCCN-IPI, the opportunity of providing
individualized care lies in the discovery and utilization of
molecular prognostic markers.

Integrating prognostic factors

Currently, there is no universally accepted way to combine
various prognostic factors to predict the outcome of patients
with DLBCL. Recently, Xu-Monette et 4/. provided us a
good mode of integrating molecular markers to the current
IPI, and the leading role in this study is CD37 B-cell antigen,
which is widely expressed on normal and malignant mature
B-cells (57,58). Earlier, their study group reported that mice
lacking CD37 developed GCB cell lymphoma spontaneously
through constitutive activation of the IL6-AKT-STAT3
pathway, and that loss of CD37 directly correlated with a
poorer survival in patients with DLBCL (59).

Based on these results, Xu-Monette et al. assessed CD37
status and its prognostic effects in larger cohorts of patients
with DLBCL (58): first of all, they found that DLBCL
patients with CD37 loss had significantly worse outcome,
and that CD37 loss was associated with adverse prognostic
factors, including TP53 mutation, NF-«B activation and
MYC translocation. Subsequently, to examine whether the
unfavorable effect of CD37 loss relied on its associated
genetic abnormalities, they incorporated all of them into
the survival analysis and confirmed that predictive value of
CD37 expression was robust, especially in GCB subtype.
In fact, this predictive value completely abolished the
prognostic significance of TP53 mutation, p5 o MYCHe
p-STAT3"" and GCET1"*" expression inCD37°GCB
DLBCL. Similarly, CD37 loss predicted significantly
worse survival with or without pSOhigh, survivin™®"
RelB’, p63-, CXCR4"" PI3K"¢" FOXP1"¢" MUMI1"¢",
and BCL6 translocation in ABC DLBCL. Afterwards,
multivariate survival analysis showed that CD37 status
remained to be an independent prognostic factor in overall
DLBCL, GCB DLBCL and ABC DLBCL. Impressively,
the hazard ratio (HR) of CD37 was even higher than that
of IPI >2, and the IPI lost prognostic significance in CD37"
GCB DLBCL. Ultimately, based on the pivotal prognostic
role of CD37 status, two risk stratification models were
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established. The “molecular adjusted IPI for R-CHOP”
(M-IPI-R) model combined the CD37 status and COO
with the IPI, and the “IPI-plus-immunohistochemistry”
(IPI+IHC) model incorporating CD37 status, MYC"" and
BCL-2"#" risk factors into the IPI. Both risk stratification
systems successfully defined several groups of patients with
distinct outcome.

Their finding added a robust biomarker to our current
knowledge and made significant progress on integrating the
IPI and various prognostic factors.

Discussion and conclusion

Despite the progresses we have made, there are several
major challenges we may face when integrating biomarkers
to the IPI. First, IHC is the most commonly applied
method for evaluating biomarkers, but the variability in
sample preparing, staining, cut point selection and results
interpretation significantly limits its usage. In a previous
study, significant inconsistency among pathologists was
observed when assessing routine lymphoma biomarkers (24).
Furthermore, studies investigating the prognostic impact
of IHC detected biomarkers usually reveal conflicting
results, making it even more complicated to establish
a clear method to apply IHC results in risk evaluation
(60-62). More advanced techniques, including next
generation sequencing and microarray detection, may offer
a better choice. However, more data are needed to validate
the prognostic impact of the biomarkers defined by those
new techniques.

Second, the prognostic impact of a certain biomarker is
often affected by other concurrent factors. A well-known
example is “DHL”. The synergistic effect of concurrent
MYC and BCL-2 rearrangement leads to an extremely poor
prognosis (38). Another example is “CD30 expression”.
CD30 expression is a favorable prognostic marker in
R-CHOP treated patients, but indicates an unfavorable
outcome in EBV+ patients (51). Such non-linear correlation
should be evaluated with more sophisticated statistical
model, rather than a simple additive score system.

Third, the constantly evolving treatment strategy has a huge
impact in the significance of risk stratification system. In the era
of rituximab, while the IPI remains predictive, it distinguishes
two risk groups instead of four risk groups: the two low-
risk and two high-risk groups exhibit similar outcome (6).
More importantly, novel agents are being developed at a
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quick pace and will fundamentally change the significance of a
prognostic marker (42,43). Thus, it will be more complicated
to establish a universal risk stratification system for all DLBCL
patients treated with different regimens.

In conclusion, the discovery of new clinical and biological
prognostic markers has greatly improved the risk stratification
in DLBCL. However, no consensus was reached on which
of the prognostic markers should be routinely assessed in
clinical practice and how the results should be interpreted.
To better assess patients risk, guide individualized therapy
and eventually optimize patient outcome, a comprehensive
risk stratification system incorporating both clinical and
biological parameters needs to be developed.
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