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Background: LR11 (also called SorLA or SORL1) is a type | membrane protein, originally identified as a biomarker
for atherosclerosis and Alzheimer's disease. We recently found that LR11 was specifically expressed in Diffuse
Large B-cell lymphoma (DLBCL) cells, and high serum sLR11 concentrations in retrospective cohort indicated in-
ferior survival. In this study, we prospectively validated the clinical impact of serum sLR11 in 97 patients with
newly-diagnosed, untreated DLBCL.

Results: Serum sLR11 concentrations were increased in DLBCL patients compared to normal controls (mean +
SD: 21.2 + 27.6 vs. 8.8 £ 1.8 ng/ml, P < 0.0001), and significantly reduced at remission (mean + SD: 17.4 +
16.4 vs. 10.9 & 4.5 ng/ml, P = 0.02). Increased serum sLR11 concentrations were affected by tumor burden
and bone marrow invasion. The 2-y OS and PFS were significantly lower in patients with high sLR11 concentra-
tions (<18.1 ng/ml vs. >18.1 ng/ml; 2-y OS: 89.0% vs. 56.4%, P < 0.0001; 2-y PFS: 85.8% vs. 56.9%, P < 0.0001).
Conclusions: Serum sLR11 is a tumor-derived biomarker for predicting the survival of newly diagnosed patients
with DLBCL.
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1. Introduction outcomes [2]. Although the development of rituximab- CHOP (cyclo-

phosphamide, doxorubicin, vincristine, and prednisolone, R-CHOP) che-

Diffuse large B cell lymphoma (DLBCL) is the most common histo-
logic subtype of non-Hodgkin lymphoma (NHL), accounting for approx-
imately 30% of all newly diagnosed cases and >80% of aggressive
lymphomas [1]. It is widely appreciated that DLBCL is heterogeneous
in terms of morphology, genetics, and biologic behavior, therefore
patients with DLBCL exhibit a wide range of clinical presentations and
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motherapy has improved the prognosis of patients with DLBCL [3],
patients whose lymphoma is not cured with the first-line therapy re-
quire salvage therapy and high-dose chemotherapy followed by autolo-
gous stem cell transplantation [4]. Therefore, risk groups for patients
with DLBCL need to be accurately identified to select an appropriate
therapeutic strategy.

LR11 (also called SorLA or SORL1) is a type | membrane protein, and
a large extracellular part of it is released from the membrane after shed-
ding. It has been shown that LR11 plays a key role in the migration of
undifferentiated vascular smooth muscle cells (SMCs) and that the
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circulating soluble form of LR11 (sLR11) is a biomarker for atherosclero-
sis, coronary stenosis, and diabetic retinopathy [5-8]. The potent actions
of sSLR11 in enhancing the migration of SMCs and infiltration of macro-
phages are mediated by the urokinase-type plasminogen activator re-
ceptor (uPAR)/integrin-mediated activation of focal adhesion kinase
(FAK)/ERK/Rac1 cascades [5,6]. Human CD34* CD38 ™~ immature hema-
topoietic precursors also express high concentrations of LR11 mRNA [9];
however, little is known about the expression and role of LR11 in
human hematopoietic cells.

We recently found that LR11 is highly expressed in hematological
malignant cells, and serum sLR11 concentrations were highly increased
in patients' with acute leukemia and NHL [10,11]. Especially in DLBCL
and follicular lymphoma (FL), two major subtypes of NHL, increased
serum sLR11 concentrations were associated with tumor burden and
bone marrow invasion, and patients with high serum sLR11 concentra-
tions significantly showed inferior survival in our previous retrospective
cohort [12,13]. Furthermore, serum sLR11 concentrations represent a
powerful diagnostic indicator for intravascular large B-cell lymphoma,
a rare subtype of aggressive NHL [14].

2. Patients and methods
2.1. Patients

Ninety-seven consecutive patients with newly-diagnosed and un-
treated DLBCL were enrolled from 2010 to 2013 in a multicenter pro-
spective observational study conducted in Chiba University Hospital
and 7 affiliated institutions in Japan. All patients provided written in-
formed consent for a general human bio-specimen protocol in accor-
dance with the Declaration of Helsinki. The study was approved by the
Human Investigation Review Committee of the Chiba University Gradu-
ate School of Medicine, where this study was organized, and by each
participating institution. This trial was registered with the UMIN Clinical
Trials Registry.

Clinical stages of the patients were determined according to the Ann
Arbor classification by physical examination; systemic computed to-
mography (CT) and fluorodeoxyglucose positron emission tomography
(FDG-PET) examination of the neck, chest, abdomen, and pelvis; bone
marrow aspiration; and bone marrow biopsy. Routine hematology and
serum chemistry data were obtained at diagnosis. Chemotherapeutic
regimens were determined by their attending physicians, and response
assessments were performed according to the Revised Response
Criteria for Malignant Lymphoma [15].

2.2. Measurement of serum sLR11 concentrations

Serum samples were collected at diagnosis and when response as-
sessments were performed. Serum sLR11 concentrations were deter-
mined by the sandwich enzyme-linked immunosorbent assay (ELISA)
method, as reported previously [11]. As a normal control group, serum
samples were collected from 75 healthy adult volunteers who provided
informed consent.

2.3. Statistical analysis

Comparisons of serum sLR11 concentrations between subgroups
were performed using the Mann-Whitney U test. Serum sLR11 concen-
trations at diagnosis and remission were compared using Wilcoxon's
signed-rank test. Multivariate analysis for factors associated with
serum sLR11 concentrations was conducted using a multiple linear re-
gression model. For variable selection, the stepwise procedure was set
to a threshold of 0.05 for inclusion or exclusion in the model. Serum
sLR11 concentrations according to IPI risk categories were compared
by Dunnett's test. Overall survival (OS) was defined as the time from di-
agnosis to death due to any cause. Progression free survival (PFS) was
defined as the time from diagnosis to death due to any cause or disease

relapse or progression. OS and PFS were analyzed by the Kaplan-Meier
method and the log-rank test. All comparisons were planned, and the
tests were 2-sided. A P < 0.05 was considered statistically significant.
Data were analyzed using JMP (ver 7.0.2, SAS Institute Inc.) and EZR
(Saitama Medical Center, Jichi Medical University, Saitama, Japan)
[16], which is a graphical user interface for R (The R Foundation for Sta-
tistical Computing) software programs.

3. Results
3.1. Patient characteristics

Ninety-seven patients enrolled in the study. The median age was
69 years (range: 18-94 years), 58 patients (60%) were male. 52 patients
(54%) had advanced disease (clinical stage > 2), and 28 patients (29%)
were in the “High” risk group categorized by IPL In total, 91% of the pa-
tients were treated with R-CHOP-based regimens, and complete remis-
sion and partial remission were obtained in 75 (77%) and 14 (14%)
patients, respectively. Progressive disease was observed in 2 (2%) pa-
tients, and 6 (7%) patients were not able to assess the responses.

3.2. Measurement of serum SLR11 concentrations in patients with DLBCL

Serum sLR11 concentrations of patients with DLBCL were signifi-
cantly increased compared to those of normal controls (mean + SD:
21.2 4+ 27.6 vs. 8.8 & 1.8 ng/ml, P < 0.0001; Fig. 1). Paired serum sam-
ples at diagnosis and complete remission were obtained from 51 pa-
tients. Increased serum sLR11 concentrations at diagnosis were
significantly decreased at complete remission (mean + SD: 17.4 +
16.4 vs. 10.9 £ 4.5 ng/ml, P = 0.02; Fig. 2).

3.3. Correlations between serum sLR11 concentrations and clinical
parameters

The characteristics of various clinical parameters and their individu-
al serum sLR11 concentrations are shown in Table 1. Serum sLR11
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Fig. 1. Serum sLR11 levels in newly diagnosed DLBCL patients compared with normal
controls (NC).
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