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Abstract

Background: Diffuse large B-cell lymphomas (DLBCL) are
heterogeneous diseases, and the identification of additional
DLBCL risk factors is especially important. Methods: In this
pilot study, we determined pretreatment serum levels of
vascular endothelial growth factor (VEGF), osteopontin
(OPN) and macrophage chemotactic protein-1 (MCP-1) in 67
newly diagnosed DLBCL patients before treatment with
standard chemoimmunotherapy and in 30 healthy persons.
Results: Serum levels of all three cytokines were significant-
ly elevated in untreated patients compared to controls. VEGF
and OPN concentrations were higher in patients with ad-
vanced Ann Arbor stage, B symptoms, Eastern Cooperative
Oncology Group score >2, International Prognostic Index
(IP1) >3 and partial/no remission. A high MCP-1 level was as-
sociated with advanced stage, increased IPI and bone mar-
row infiltration. In univariate analysis, elevated OPN and

VEGF, and concurrent elevation of all three biomarkers, were
identified as significant predictors of poor survival. Multivar-
iate Cox analysis revealed that elevated OPN combined with
elevated VEGF levels was one of the best parameter subsets
predicting poorest survival. Conclusion: According to our
preliminary results, serum levels of VEGF and OPN before
treatment predict response to therapy and survival after
chemoimmunotherapy, and may help to further stratify
DLBCL patients into risk groups. ©2016'S. Karger AG, Basel

Introduction

Diffuse large B-cell lymphomas (DLBCL) are hetero-
geneous diseases that vary in their biological expression
and clinical course. The introduction of chemoimmuno-
therapy for the treatment of DLBCL has dramatically im-
proved the outcome of these patients compared to che-
motherapy alone [1, 2]. However, a significant propor-
tion of these patients (20-30%) become refractory to
treatment or eventually relapse [3]. Because of the cura-
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tive intent of treatment and the dismal prognosis of pa-
tients who do not achieve complete remission (CR) or
who have relapse, the identification of risk factors is par-
ticularly important [4]. However, currently applied prog-
nostic factors are, for the most part, clinical variables that
reflect disease development but do not have a role in
pathogenesis. Therefore, the identification of factors, ei-
ther biological or clinical, that can identify patients at a
higher risk of progressive disease is a priority. Different
prognostic factors for response and survival have been
described for DLBCL, but in the rituximab era, the role of
these biological factors in prognosis has yet to be deter-
mined [5, 6].

The tumor microenvironment has been increasingly
recognized as a factor affecting neoplastic progression in
both solid and hematological malignancies [7, 8]. Recent-
ly, two gene expression signatures that reflect the charac-
ter of nonmalignant cells in DLBCL, stromal-1 and stro-
mal-2, have been shown to predict survival in DLBCL
patients treated with the R-CHOP (rituximab plus
cyclophosphamide, doxorubicin, vincristine and predni-
sone) regimen [9]. In contrast to the stromal-1 signature,
which is associated with a favorable prognosis and reflects
a monocyte-rich host reaction, the stromal-2 signature is
associated with increased tumor blood vessel density and
an adverse outcome, and comprises genes that encode
molecules related to angiogenesis [9]. Angiogenesis (the
formation of new blood vessels) is essential for the growth
and dissemination of cancer. It is regulated by various
pro- and antiangiogenic factors [10, 11].

Vascular endothelial growth factor (VEGF) is the most
specific and critical regulator of angiogenesis; it controls
normal endothelial proliferation, permeability and sur-
vival, but it is also an angiogenic mediator in tumors, and
has been implicated in the pathogenesis and progression
of cancer. Increased serum VEGF levels are associated
with an unfavorable outcome in various solid tumors and
hematological malignancies, including DLBCL [12-16].
Another potentially angiogenic cytokine is osteopontin
(OPN), a chemokine-like protein that is present in mul-
tiple tissue types and involved in a variety of physiological
and pathological processes, including tumor progression
[17], enhanced mobility and adhesion of tumor cells, ac-
celeration of tumor growth, division and survival, and
promotion of neoangiogenesis [17]. In vitro studies sug-
gest that OPN and VEGF cooperatively enhance angio-
genesis in various cancer tissues, including hematological
malignancies [18, 19]. OPN has shown promise as a diag-
nostic and prognostic indicator that reflects tumor pro-
gression and is associated with reduced survival [20].

VEGF, Osteopontin and MCP-1 in
DLBCL

Table 1. Clinicopathological characteristics of the patients with
newly diagnosed, untreated DLBCL

Variable n %

Age (>60/<60 years) 45/22 67/33
Gender (female/male) 38/29 57143
Ann Arbor stage (I-1I/III-1IV) 26/41 39/61
B symptoms (yes/no) 35/32 52/48
ECOG score (=2/0-1) 35/32 52/48
IPI (3-5/0-2) 34/33 51/49
LDH (>250/<250 TU/1) 37/30 55/45
Bone marrow infiltration (yes/no) 17/50 25/75
Response to therapy (CR/PR + no resp.) 47/20 70/30
Outcome (dead/survived) 23/44 34/66

CR/PR + no resp. = Complete remission/partial response + no
response to therapy.

Macrophage chemotactic protein-1 (MCP-1) isa CC che-
mokine that induces chemotaxis of macrophages and a
variety of lymphoid cells through its receptor CCR2 [21].
Furthermore, it is the first CC chemokine reported to play
a direct role in tumor angiogenesis [22, 23], and some
studies have described mechanisms by which MCP-1
may induce angiogenesis [23]. Although the expression
and roles of OPN and MCP-1 in non-Hodgkin’s lympho-
ma (NHL) have been investigated in some studies, their
biological roles and prognostic potential with respect to
this malignancy have not been elucidated yet [24, 25].

The use of novel biomarkers to predict the biological
behavior of DLBCL and patient prognosis, and to assist
in choosing optimal treatment options has lately attracted
increased attention. However, despite some promising
results, the majority of these cytokines or combinations
thereof does not have adequate sensitivity or specificity to
justify their routine usage.

The aim of this pilot study was to analyze the prog-
nostic value of serum VEGF, OPN and MCP-1 levels in
DLBCL patients. Serum levels of these three angiogenic
proteins were measured before treatment and correlated
with clinicopathological characteristics and patient out-
come.

Patients and Methods

Patient Characteristics

The study included 67 newly diagnosed, previously untreated
patients with DLBCL (38 women, 29 men; median age 69 years,
range 18-87 years) treated at the Department of Hematology of the
Clinical Hospital Center in Rijeka. Their median follow-up lasted
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Table 2. Serum levels of VEGF, OPN and MCP-1 (pg/ml) in the controls and DLBCL patients

Patients (n = 67) Controls (n = 30) P

mean = SD median range mean + SD median range vl
VEGF 472.0+342.8 4234 153.6-636.4  184.4+81.7  192.6 107.8-277.6 0.002
OPN 98.4+59.3 81.5 51.0-140.5 30.0£9.7 29.5 22.0-37.0 <0.001
MCP-1 1,319+980 1,005 780-1,550 793+291 790 585-915 0.044

The Mann-Whitney U test was employed. Range = 25th-75th percentiles.

35 months (range 1-53). The control group consisted of 30 age-
matched healthy individuals (17 women, 13 men; median age 67
years, range 19-83 years). Histological classification of NHL was
performed in accordance with World Health Organization guid-
ance [26]. The control group comprised healthy volunteers who
were treated as outpatients because of altered blood findings, but
none of them had any hematological disease. Patients with liver or
renal impairment, other current or previous malignancies or infec-
tious diseases, or patients who were incapable of providing in-
formed consent were excluded from the control group. Written
informed consent was obtained from each patient and healthy vol-
unteer prior to their inclusion in the study. The study was ap-
proved by the local ethics committee. The initial staging was per-
formed by medical interview and examination of complete blood
and platelet counts, serum chemistry, measurement of f,-
microglobulin, C-reactive protein and lactate dehydrogenase
(LDH) levels, chest X-ray, computerized tomography (CT) of the
chest, abdomen and pelvis, bone marrow aspiration and biopsy.
Follow-up evaluations included a medical interview, a complete
physical examination and positron emission tomography com-
bined with CT. After therapy, control bone marrow aspiration and
biopsy were performed only in patients presenting initially with
bone marrow infiltration. For each patient, data obtained from the
initial evaluation of disease extent were used to determine Ann
Arbor stage [27], International Prognostic Index (IPI) [28], pres-
ence of B symptoms (presence of at least one of the following
symptoms: unexplained fever >38°C, drenching night sweats or
unintentional weight loss of >10% of body weight in the preceding
6 months), and Eastern Cooperative Oncology Group (ECOG)
score [29]. Patients were treated with 6-8 cycles of the R-CHOP
regimen.

The relationships between VEGF, OPN and MCP-1 levels and
outcome (response criteria) — complete remission, partial remis-
sion, progressive disease (no responders) and overall survival (OS)
- were examined according to the International Workshop of
Standardized Response Criteria for NHL [30]. Clinicopathological
characteristics of the patients with new, untreated DLBCL are
summarized in table 1.

Enzyme-Linked Immunosorbent Assay

Peripheral venous blood samples were collected from all par-
ticipants before treatment initiation. All samples were centrifuged
at 3,000 g for 10 min and then stored at —=70°C.

A VEGF, OPN and MCP-1 eBioscience ELISA kit (Bender
MedSystems GmbH, Vienna, Austria) was used to determine se-
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rum VEGF, OPN and MCP-1 levels according to the manufac-
turer’s protocol. Color intensity was measured with a microplate
reader (MRX II; Dynex Technologies, Germany) at 450 nm. The
blank was subtracted from the duplicate readings for each standard
and sample. A standard curve was generated for each set of samples
assayed using standard and control readings. VEGF, OPN and
MCP-1 concentrations were determined at the point of the inter-
section of the standard curve and the absorbance value. Concen-
trations are reported as picograms per milliliter. Serum VEGEF,
OPN and MCP-1 levels were considered to be elevated when they
were above the upper limit of the median value of the DLBCL pa-
tients (>423.4, >81.5 and >1,005 pg/ml, respectively).

All procedures followed were in accordance with the ethical
standards of the responsible committee on human experimenta-
tion (institutional and national) and with the Declaration of Hel-
sinki of 1975 (as revised in 2008).

Statistical Analysis

Statistical evaluation of data was performed with the data anal-
ysis software package Statistica v.12 (StatSoft, Inc.). In cases of nor-
mally distributed numerical variables, comparisons were made us-
ing the t test or ANOVA. Otherwise, the Mann-Whitney U test or
the Kruskal-Wallis ANOVA was used. Frequencies of categorical
variables were analyzed by Fisher’s exact test. The distribution of
survival times was calculated by the Kaplan-Meier method. For
survival analysis, all patients still alive were censored at the date of
the last follow-up. The Cox-Mantel test was used for comparisons
of survival times. A univariate regression model for censored data
and Cox proportional hazard regression were used to obtain pa-
rameters for predictor variables.

Results

Serum VEGEF, OPN and MCP-1 Levels in Controls

and Patients with DLBCL

The 30 volunteers in the control group had a median
serum VEGF level of 192.6 pg/ml, while patients with
DLBCL had a median serum VEGF level of 423.4 pg/ml.
Serum VEGEF levels of patients with DLBCL were signifi-
cantly higher than those of the controls (p = 0.002; ta-
ble 2). Serum OPN levels in lymphoma patients (median
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Table 3. Serum levels of VEGF, OPN and MCP-1 (pg/ml) before treatment in different sample subgroups with
respect to demographic and disease characteristics

n OPN MCP-1 VEGF
median  range median  range median  range

Age
<60 years 22 52.5 19.5-235.5 1,333 330-5,240 320.0 47.4-1,204.6
>60 years 45 51.0 17.0-230.0 935 120-6,030 467.0 70.8-1,512.6
p value 0.848 0.246 0.186

Gender
Female 38 86.3 17.0-235.5 1,090 375-6,030 441.9 47.4-1,189.0
Male 29 78.5 25.0-199.0 960 120-2,535 398.6 50.0-1,512.6
p value 0.780 0.056 0.712

Ann Arbor stage
I-1I 26 61.0 17.0-186.5 935 120-1,710 316.0 47.4-1,157.8
III-1v 41 104.5 21.0-235.5 1,315 330-6,030 444.8 70.8-1,512.6
p value 0.006 0.009 0.038

B symptoms
Yes 32 119.8 21.0-235.5 1,155 330-6,030 482.5 100.6-1,512.6
No 35 54.0 17.0-186.5 990 120-2,865 385.0 47.4-1,157.8
p value <0.001 0.075 0.011

ECOG score
0-1 32 63.8 19.5-188.5 980 120-2,865 290.5 47.4-1,157.8
=22 35 99.5 17.0-235.5 1,230 330-6,030 472.8 70.8-1,512.6
p value 0.027 0.092 0.027

IPI
0-2 33 53.5 19.5-186.5 935 120-1,895 241.2 47.4-1,157.8
3-5 34 127.5 17.0-235.5 1,433 330-6,030 465.6 74.2-1,512.6
p value <0.001 0.007 0.018

LDH
<250 IU/1 30 53.8 19.5-186.5 935 385-2,695 425.5 70.8-1,189.0
>250 IU/1 37 121.0 17.0-235.5 1,315 120-6,030 423.4 47.4-1,512.6
p value <0.001 0.051 0.364

Bone marrow infiltration
No 50 70.8 17.0-235.5 958 120-5,240 425.5 47.4-1,512.6
Yes 17 133.0 34.0-230.0 1,435 810-6,030 4234 100.6-1,174.6
p value 0.008 0.016 0.649

Response to therapy
PR + no resp. 20 129.5 17.0-230.0 1,390 330-6,030 618.2 142.2-1,512.6
CR 47 69.0 19.5-235.5 990 120-5,240 390.8 47.4-1,157.8
p value 0.007 0.240 0.004

CR = complete remission; PR + no resp. =

partial response + no response to therapy.

81.5 pg/ml) were also significantly higher than those of
the controls (29.5 pg/ml; p < 0.001; table 2). Serum MCP-
1 levels were significantly higher in patients with DLBCL
than in the controls; the median MCP-1 level in patients
was 1,005 pg/ml, and in controls it was 790 pg/ml (p =
0.044; table 2). Serum VEGEF, OPN and MCP-1 levels
were considered to be elevated when they were above the
upper limit of the median value of the DLBCL patients
(>423.4, >81.5 and >1,005 pg/ml, respectively).

VEGF, Osteopontin and MCP-1 in
DLBCL

Relationship between VEGF, OPN and MCP-1 Serum

Levels before Treatment and Disease Characteristics

Serum VEGF levels were significantly higher in pa-
tients with more advanced Ann Arbor stage (p = 0.038),
B symptoms (p = 0.011), ECOG score 22 (p = 0.027) and
IPI 23 (p = 0.018; table 3). Higher serum OPN was asso-
ciated with advanced Ann Arbor stage (p = 0.006), B
symptoms (p < 0.001), ECOG score 22 (p = 0.027), IPI
>3 (p<0.001), elevated serum LDH (p < 0.001) and bone
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Table 4. Association of serum levels of VEGF, OPN and MCP-1 with patient survival

n Survival?, p 3-year RR (at 95% CI
months survival®, % 36 months) for RR
OPN
<81.5 pg/ml 34 NR <0.001 85 (73-97) 1.79 1.46-2.21
>81.5 pg/ml 33 26 (11-32) 48 (30-65)
MCP-1
<1,005 pg/ml 34 NR 0.196 73 (58-88) 1.22 0.97-1.52
>1,005 pg/ml 33 30 (15-36) 60 (43-77)
VEGF
<423.4 pg/ml 33 NR 0.022 79 (66-93) 1.46 1.17-1.82
>423.4 pg/ml 34 29 (12-39) 54 (37-71)
OPN + MCP-1 +VEGF
0 elevated 12 NR 0.005 100
1 elevated 19 NR 79 (61-97) 1.27 1.05-1.52
2 elevated 28 NR 53 (34-71) 1.90 1.36-2.66
3 elevated 8 15.5 (11-30) 38 (4-71) 2.67 1.91-3.73

RR = Relative risk; NR = not reached. * Median (95% CI).

marrow infiltration (p = 0.008; table 3). High MCP-1 lev-
els were associated with Ann Arbor stage III-IV (p =
0.009), IPI 23 (p = 0.007) and bone marrow infiltration
(p =0.016; table 3).

CR was attained by 47 (70%) patients, and partial re-
mission/no response to therapy was noted in 20 (30%)
patients. Patients with CR had significantly lower VEGF
(median 390.8 pg/ml) and OPN (median 69.0 pg/ml) val-
ues compared to patients with partial remission/no re-
sponse to therapy (median values 618.2 and 129.5 pg/ml
for VEGF and OPN, respectively; p = 0.004 and p = 0.007,
respectively; table 3). Serum MCP-1 levels were not asso-
ciated with response to therapy (p = 0.240; table 3).

Association of Serum VEGF, OPN and MCP-1 Levels

with Patient Survival

The median follow-up was 35 months (range 1-53
months). OS of patients with a serum VEGF level lower
than the median value of the DLBCL patients was supe-
rior to that of patients with elevated serum VEGEF levels
(above the upper-limit median value of DLBCL patients;
p = 0.022; table 4; fig. 1a). The 3-year survival rate of pa-
tients with an elevated pretreatment serum VEGF level
was 54% compared to a survival rate of 79% in patients
with lower levels of VEGF, which indicates a significant
relative risk of dying in the former group.

OS of DLBCL patients with a serum OPN level lower
than the median value (<81.5 pg/ml) was significantly lon-
ger (p < 0.001) than in patients with elevated serum OPN

56 Acta Haematol 2016;136:52-61
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levels (>81.5 pg/ml). The 3-year survival rate of patients
with elevated pretreatment serum OPN levels was 48%,
which is in contrast to the 85% in patients with a pretreat-
ment OPN level of <81.5 pg/ml, again indicating an in-
creased and significant relative risk of dying (table 4; fig. 1b).

Neither elevated nor lower serum MCP-1 levels
(>1,005 or <1,005 pg/ml MCP-1, respectively) were sig-
nificantly associated with the survival time of the patients
(p = 0.196; table 4; fig. 1c). Survival times were signifi-
cantly different among patients who had concurrently el-
evated values of all three biomarkers (VEGF, OPN and
MCP-1), or of two, one or none of the biomarkers at the
time of diagnosis (p = 0.005; table 4). Moreover, the com-
bination of elevated biomarker levels was associated with
a significantly lower 3-year survival and an increased rel-
ative risk of dying (p = 0.005; table 4; fig. 1d).

Univariate analysis of OS identified the following inde-
pendent prognostic factors as significant: age (p = 0.036),
tumor grade (p = 0.004), B symptoms (p < 0.001), perfor-
mance status (p = 0.001), IPI (p = 0.001), LDH levels (p =
0.003), bone marrow infiltration (p = 0.021), response to
therapy (p < 0.001), elevated OPN levels (p = 0.002), ele-
vated VEGF levels (p = 0.029) and concurrent elevation of
all three biomarkers (p = 0.013; table 5). Moreover, in pa-
tients with no response to therapy and B symptoms, con-
current elevation of all three biomarkers was found to
have the highest hazard ratio (5.02, 95% confidence inter-
val 1.41-17.86) for patient survival. Nevertheless, multi-
variate Cox proportional hazard regression showed that
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Fig. 1. OS curve according to VEGF (a), OPN (b) and MCP-1 levels (c), and concurrently elevated values of all
three, two, one or none of the biomarkers at the time of diagnosis (d).

patient status identified as no response to therapy and
elevated LDH (p = 0.006), elevated OPN (p = 0.009) and
elevated VEGF (p = 0.017) was the best subset of param-
eters for predicting the poorest OS (table 5).

Discussion

In the present pilot study, we found significantly high-
er serum levels of the angiogenic cytokines VEGF and
OPN, as well as the chemokine MCP-1, in patients with
DLBCL compared to healthy controls. These results con-

VEGEF, Osteopontin and MCP-1 in
DLBCL

firmed our hypothesis that the serum levels of the inves-
tigated cytokines play an active role in lymphoma biolo-
gy, which is in agreement with those of previous investi-
gations [31-34]. However, the prognostic value of the
investigated biomarkers, either alone or in combination,
for patients with DLBCL treated with chemoimmuno-
therapy has not been completely elucidated. Our prelim-
inary results indicate the possibility to identify subgroups
of patients with a poor prognosis according to the serum
levels of VEGF, OPN and MCP-1.

In the present study, patients with high VEGF levels at
the time of diagnosis showed a significantly worse re-
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Table 5. Value of demographic and disease-related parameters as predictors of OS (univariate Cox regression)
and the subset of disease-related parameters as significant predictors of OS (multivariate Cox regression)

Predictor b SE (b) p value ¢, HR 95% CI for e°
Univariate analysis
Age 0.041 0.019 0.036 1.04 1.00-1.08
Ann Arbor stage 2.161 0.741 0.004 0.12 0.03-0.49
B symptoms -1.962 0.552 <0.001 7.11 2.42-20.87
ECOG score 2.145 0.621 0.001 0.12 0.03-0.39
IPI 3.516 1.024 0.001 0.03 0.004-0.22
LDH elevated 1.657 0.551 0.003 5.24 1.79-15.36
Bone marrow infiltration 0.977 0.422 0.021 2.66 1.17-6.04
Response to therapy -3.285 0.536 <0.001 26.71 9.40-75.91
OPN elevated 1.604 0.508 0.002 4.98 1.85-13.40
MCP-1 elevated 0.544 0.428 0.204 1.72 0.75-3.97
VEGEF elevated 0.992 0.454 0.029 2.69 1.11-6.53
OPN + MCP-1 + VEGF

2 elevated 0.964 0.573 0.092 2.62 0.86-8.02

3 elevated 1.613 0.651 0.013 5.02 1.41-17.86
Multivariate analysis
Response to therapy (no response) 3.873 0.714 <0.001 48.09 11.96-193.43
LDH elevated 1.724 0.629 0.006 5.61 1.65-19.13
OPN elevated 1.467 0.564 0.009 4.34 1.44-13.03
VEGEF elevated 1.213 0.507 0.017 3.36 1.25-9.04

HR = Hazard ratio. Multivariate Cox regression, overall model fit x> = 70.1 (p < 0.001).

sponse to therapy and a shorter OS and 3-year survival.
Several study groups have found that elevated serum
VEGEF is associated with an unfavorable outcome and a
poor prognosis in DLBCL, but all of these studies were
performed before the rituximab era [13, 15, 16]. Recently,
Riihijarvi et al. [35] demonstrated that a high serum
VEGF level is an adverse prognostic factor for patients
with high-risk DLBCL treated with dose-dense chemo-
immunotherapy. They confirmed the impact of serum
VEGEF levels on progression-free survival in different IPI
subgroups and especially in patients with the nongermi-
nal center subtype of DLBCL. However, the authors did
not observe a corresponding prognostic effect of serum
VEGEF levels on OS [35].

Serum levels of VEGF, which reflect the production of
this cytokine in the body, can influence the biological be-
havior of DLBCL in several ways, as it plays a role in tu-
mor growth. Our results, as well as those of others [31,
35], showed that high serum VEGF levels were associated
with advanced Ann Arbor stage, high IPI and the pres-
ence of B symptoms, which all somehow represent a mea-
sure of tumor burden. These results are in concordance
with data showing that VEGF signaling is coupled to
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growth of lymphoma tissue [36]. Furthermore, VEGF in
the tumor microecosystem can stimulate the prolifera-
tion of the vasculature and enhance vascular permeabil-
ity [37], facilitating the hematogenic dissemination of tu-
mor cells. An abnormal vessel structure in the tumor lo-
cus, which may be a result of VEGF activity, can lead to
lower drug delivery [38]. Finally, there is some evidence
that high VEGF concentrations play a role in immune
evasion of lymphoma cells [35, 39]. Taken together, these
findings indicate a significant tumor-promoting role for
VEGF in DLBCL, and serum levels of this proangiogenic
cytokine may thus be an important biomarker of tumor
aggressiveness and act as a predictor of survival. These
findings also emphasize that the addition of rituximab to
chemotherapy does not reduce the capacity of serum
VEGEF to predict outcome.

OPN is a marker of cancer progression with high sen-
sitivity but limited specificity, as it is elevated in about 30
different cancer types [20, 40]. Although serum levels and
tumor expression do not always correlate, OPN from
both sources can act as a prognostic indicator, a measure
of tumor burden, reflecting tumor progression and re-
duced survival [20, 40, 41]. Previous studies have investi-
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gated the pathogenic role of OPN in central nervous sys-
tem lymphomas and DLBCL with nodal and intravascu-
lar involvement, as well as in hepatitis C virus-associated
B-cell NHL [34, 42-44]. Furthermore, elevated OPN and
CD44 levels at diagnosis may predict an unfavorable out-
come in childhood lymphomas and leukemia [33]. How-
ever, to the best of our knowledge, our study is the first to
investigate the association between serum levels of OPN,
other prognostic parameters and survival in a significant
number of adult patients with DLBCL. High OPN levels
at the time of diagnosis were confirmed in 55% of our pa-
tients and were associated with advanced Ann Arbor
stage, presence of B symptoms, unfavorable ECOG and
IPI scores, elevated serum LDH and bone marrow infil-
tration. In addition, our patients with higher serum OPN
levels showed a worse response to therapy and decreased
3-year survival and OS. This observation is consistent
with studies that concluded that low serum OPN levels
before treatment are associated with response to treat-
ment and better survival in other cancer types [20, 40, 45].
Like VEGF levels, OPN levels in the present study showed
a positive association with parameters that reflect tumor
burden, suggesting a possible role for this molecule in
lymphoma growth. The well-known proangiogenic role
of OPN in human neoplasms [20], as well as its role in
enhancing the invasive, adhesive and migratory capabili-
ties of tumor cells [45, 46], may also contribute to the
progression of DLBCL and compromise patient survival.

The pathogenetic roles of VEGF and OPN in DLBCL
may be mutually dependent, as suggested by some previ-
ous papers. Chakraborty et al. [45] showed that OPN pro-
motes VEGF-dependent breast tumor growth and angio-
genesis via autocrine and paracrine mechanisms. Their
results suggested that OPN might be necessary for maxi-
mal induction of neovascularization by inducing VEGF
expression through activation of Brk/NF-kB/ATG-4
pathways. The simultaneous targeting of VEGF and OPN
and their regulatory signaling networks, in combination
with chemoimmunotherapy, may be an important chal-
lenge in the treatment of patients with DLBCL in the fu-
ture.

Chemokines and their receptors have been detected in
many tumor types [22]. MCP-1, a chemokine involved in
macrophage infiltration of different tissues, is secreted
not only by tumor cells, but also by stromal and inflam-
matory cells, such as fibroblasts, endothelial cells and
monocytes [47]. Moreover, MCP-1 is the first CC chemo-
kine reported to play a direct role in tumor angiogenesis
[21]. To date, the pathophysiological role of MCP-1 in
hematological tumors, including lymphomas, has not

VEGF, Osteopontin and MCP-1 in
DLBCL

been well explored. Luciani et al. [24] described the pres-
ence of RNA transcripts for MCP-1 in the majority of bi-
opsy samples from patients with NHL and Hodgkin’s dis-
ease. Our group also showed that NHL tissue produced
MCP-1 mRNA, while lymphoma cells and stromal/
inflammatory cells expressed this chemokine [25]. We
found higher levels of MCP-1 cDNA in patients with ag-
gressive NHL than in indolent tumors. In addition, the
amount of MCP-1 ¢cDNA detected in this preliminary
study was higher in patients with early-stage NHL, good
IPI and normal levels of LDH; however, these results were
based on a small number of cases, which limits any de-
finitive conclusions [25]. Mazur et al. [48] demonstrated
that MCP-1 gene expression in lymphomas was higher
than in reactive lymph nodes, and patients with high gene
expression of this chemokine had a shorter survival.
Thus, previous studies suggest that NHL has the potential
to produce MCP-1, but the mechanisms by which this
chemokine may influence the pathogenesis of NHL re-
main unclear. To date, there have been no reports regard-
ing the role of serum levels of this chemokine before treat-
ment of DLBCL. In the present study, elevated serum lev-
els of MCP-1 were found in 42% of the patients and had
a positive association with advanced Ann Arbor stage, IPI
>3 and bone marrow infiltration. Thus, we found asso-
ciations between MCP-1 levels and parameters connect-
ed with tumor burden, but serum concentrations of this
chemokine were not associated with response to therapy
or OS. Previously it was demonstrated that the majority
of DLBCL tumors are immunohistochemically positive
for MCP-1, VEGF, OPN or all three, and that tumor cells
and benign stromal and inflammatory cells also have the
capacity to produce these molecules [25, 43, 44, 48-50].
Thus, we can speculate that elevated serum levels of MCP-
1 may reflect the host response to the presence of a grow-
ing lymphoma and some type of an immunological reac-
tion to the tumor.

An important result of the present study is our finding
that elevated values of the biomarkers that we investigat-
ed have prognostic power. Namely, survival was signifi-
cantly different among patients with concurrent eleva-
tions of all three, two, one or none of these biomarkers,
and combinations of elevated markers were associated
with worse OS and 3-year survival. In addition, elevated
OPN and VEGF, and concurrent elevation of all three
biomarkers were confirmed as independent prognostic
factors for OS by univariate analysis, while multivariate
Cox proportional hazard regression revealed that elevat-
ed OPN and VEGEF levels, as well as response to therapy
and elevated LDH, predicted the poorest OS.
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Important limitations of the present study are the rath-
er small sample size with missing MYC and BCL2 status,
the lack of serial monitoring of protein levels, as well as
its retrospective design, which limits any definite conclu-
sions.

Our preliminary data provide evidence that elevated
serum levels of VEGF and OPN, as well as simultaneous
elevation of all three biomarkers before treatment are
powerful independent prognostic factors in patients with
DLBCL, and predict response to therapy and OS. It is pos-
sible that patients with significantly elevated concentra-
tions of these cytokines warrant more aggressive thera-
peutic regimens and very careful follow-up. The question

of whether the combination of VEGF, OPN and MCP-1
serum levels can be used alone or whether they should be
added to standard prognostic factors such as IPI or gene
expression profiling with the purpose of improving their
prognostic significance should be resolved in a larger pro-
spective study.
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