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Pretreatment hepatocyte growth factor and thrombospondin-1 levels predict
response to high-dose chemotherapy for multiple myeloma
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Our aim was to establish whether the pretreatment levels of angiogenesis activators and inhibitors can be used to predict
clinical responses to treatment that included high-dose chemotherapy with peripheral stem cell support.

We analyzed samples and treatment outcomes of 96 patients with MM enrolled in the CMG 2002 randomized clini-
cal trial and treated with induction chemotherapy and high-dose chemotherapy with stem cell support. Concentrations
of vascular endothelial growth factor (VEGF), hepatocytar growth factor (HGF), basic fibroblastic growth factor (bFGF),
thrombospondin-1 (TSP-1), endostatin, and angiostatin were measured in the peripheral blood plasma and in the bone
marrow plasma at diagnosis.

Pretreatment HGF concentrations in the peripheral blood plasma as well as in the bone marrow plasma of patients who
achieved complete or very good partial response were significantly lower than those in patients who had partial or worse
response. Patients with complete or very good partial response had higher TSP-1 levels in the bone marrow plasma than
the partial or insufficient response subgroups. There were no correlations between the pretreatment levels of VEGF, bFGE,
endostatin, or angiostatin and the treatment response.

Pretreatment concentrations of HGF and TSP-1 were predictive factors for treatment response. Patients with low angio-
genesis rate as determined by the relative HGF and TSP-1 concentrations were more likely to achieve complete or very good

partial response after high-dose chemotherapy.
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Multiple myeloma (MM) is a heterogeneous disease with
patient survival ranging from a few months to many years.
It is clear that the established prognostic factors do not have
a universal value, especially for patients treated with novel
agents such as thalidomide or bortezomib [1].

Bone marrow angiogenesis is a critical mechanism in the
pathogenesis of MM. It has been suggested that the determi-
nation of the rate of angiogenesis and its monitoring could
provide important independent prognostic information. There
is already evidence of the prognostic value of the evaluation of
microvascular density of the bone marrow [2, 3].

Malignant plasma cells and their microenvironment pro-
duce a number of cytokines including angiogenesis activators
and inhibitors. The balance between these counteracting types
of cytokines determined whether angiogenesis rate is high or
low. There are data suggesting reciprocal interactions between

malignant plasma cells and endothelial cells that result in
neovascularization, promote cell adhesion of malignant plas-
mocytes, and protect them from apoptosis [4, 5 ].

Our aim was to establish whether the pretreatment levels
of angiogenesis activators and inhibitors in the peripheral
blood and in the bone marrow can be used to predict clinical
responses to treatment that included high-dose chemotherapy
with peripheral stem cell support. Our patient cohort received
uniform treatment and strict follow-up within the CMG 2002
randomized clinical trial of the Czech Myeloma Group. We
evaluated the levels of selected angiogenesis factors includ-
ing vascular endothelial growth factor (VEGF), hepatocytar
growth factor (HGF), basic fibroblastic growth factor (bFGF),
thrombospondin-1 (TSP-1), endostatin, and angiostatin in
the plasma of peripheral blood (PB) and in the bone marrow
plasma (BMP).
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Patients and methods

Patients. We have analyzed samples from 96 patients with
secretory MM enrolled in the randomized CMG 2002 clinical
trial [6]. The study treatment consisted of 4 cycles of induction
chemotherapy with vincristin ( 0,5 mg i.v., day 1-4 ) doxoru-
bicin ( 9,0 mg/m?, day 1-4) and dexamethasone (40 mg p.o.,
day 1-4,10-13,20-23) /VAD/. Stimulation chemotherapy with
cyclophosphamide 2,5g/m?* followed by G-CSE and myelo-
ablative chemotherapy with melphalan 200mg/m?. Baseline
characteristics of the patients are shown in Table 1.

Evaluation of treatment responses. Very good partial
response (VGPR) was defined as reduction of monoclonal im-
munoglobulin by at least 90% of initial values. In our analysis,
this subgroup included patients with complete response, i.e.
disappearance of the monoclonal band on electrophoresis and
immunofixation. Partial response (PR) was defined as decrease
in monoclonal immunoglobulin by 50% to 90%, and non
response (NR) as decrease in monoclonal immunoglobulin
concentration by less than 50% [7].

Sample processing After giving written informed consent
to the study, patients had bone marrow aspiration from the
sternum or from the iliac crest. Peripheral venous blood sam-
ple was taken on the same day. All samples were immediately
mixed with EDTA and centrifuged at 3800 rpm for 15 minutes
at room temperature. BMP was always prepared from the first
milliliter of aspirated bone marrow. Plasma was cryopreserved
in 1ml aliquots for later analysis. Samples were not evaluated
if hemolysis occurred during sampling or processing.

Cytokine measurement Measurements were done using
ELISA Kkits according to the manufacturers’ instructions.
The following ELISA kit were used: Human VEGF (R&D
systems, Minneapolis,USA), Human bFGF (R&D sys-
tems, Minneapolis,USA), Human HGF (R&D systems,
Minneapolis,USA), Human TSP-1 (Chemicon, Millipore,

Table 1. Baseline characteristics of patients

Number 96

Mean age (range) (years) 55.1 (28 -72)

Males/Females 51 (53.1%)/45 (46.9%)
Durie-Salmon stage 1A 9 (9.4%)

1B 1(1.0%)

IIA 14 (14.6%)

IIIA 56 (58.3%)

11IB 14 (14.6%)

Not known 2 (2.1%)

Billerica, USA), Human Endostatin (Chemicon, Millipore,
Billerica, USA), Human Angiostatin (Ray Biotech, Norcross
GA, USA). For each patient, angiogenesis factor levels were
measured at diagnosis in the peripheral blood plasma and in
the bone marrow plasma.

Statistical analysis. The nonparametric Kruskal-Wallis
ANOVA test was used to analyze differences in the concentra-
tions of TSP-1, angiostatin, endostatin, HGE, VEGEF, and bFGF
between subgroups with different treatment responses after
high-dose chemotherapy. Statistical significance of ANOVA
was confirmed by the nonparametric Mann-Whitney test
comparing two subgroups against each other.

Results

HGF concentrations and treatment response. Cytokine
concentrations at diagnosis were measured in 88 patients in
the peripheral blood plasma and in 95 patients in the bone
marrow plasma. HGF concentrations in the peripheral blood
plasma of 41/88 patients (47%) who achieved CR or VGPR
were significantly lower than those in 33/88 patients (37%)
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Figure 1. HGF Concentrations in peripheral blood in patients with different treatment responses, and statistical differencies
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Figure 2. HGF Concentrations in bone marrow in patients with different treatment responses, and statistical differencies
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Figure 3. Thrombospondin concentrations in bone marrow in patients with different treatment responses, and statistical differencies

who had PR (p = 0.025). HGF concentrations in the 14 pa-
tients with NR (16%) were significantly higher in comparison
with those in both CR+VGPR and PR subgroups (p=0.005
and p=0.001, respectively). Similar results were obtained for
the bone marrow plasma measurements in 95 patients. HGF
concentrations were significantly lower in the 45 CR+VGPR
patients (47%) compared with the subgroup of 36 patients
(38%) who had PR (p=0.038) as well as with the subgroup of
14 patients (15%) with NR (p = 0.001). The concentrations in
the PR patients were significantly lower than those in the NR
patients (p = 0,017) as shown in figure 1 and figure 2.

TSP-1 concentrations and treatment response. Total 14
patient (15%) with NR had significantly lower TSP-1 con-

centrations in the bone marrow plasma than 36 (38%) PR
patients (p = 0.036). Forty five (45%) CR+VGPR patients
had higher TSP-1 levels in the bone marrow plasma than
NR but not PR patient subgroups (p = 0.001 and p =0.091,
respectively) as shown in figure 3. There were no statistically
significant differences between the TSP-1 concentrations
in the peripheral blood in the different treatment response
subgroups.

Concentrations of VEGE, bFGE endostatin, and angiostatin.
There were no statistically significant differences between the
pretreatment levels of VEGE bFGE endostatin, or angiostatin
in the peripheral blood plasma in the bone marrow plasma
between the subgroups with CR+VGPR, PR, or NR. Patients
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Table 2. Levels of bFGF, VEGF, Endostatin and angiostatin in peripheral blood plasma (PB) and bone marrow plasma (BMP) in patients with different

response.
Response VGPR PR NR
Sample PB BMP PB BMP PB BMP
bEGF median (95%1S) 11,0 27,9 12,3 9,5 8,6 211
pg/ml (7,3-23,4) (10,7-210.9) (1,1-37,5) (4,0 -124,8) (0,4-22,3) (12,3-391,0)
VEGFmedian (95%IS) 71,1 58,0 76,9 39,8 162,3 129,0
pg/ml (60,9-188,2) (38,5-178,1) (63,8 - 168,7) (21,4-114,3) (78,2 - 437,4) (41,4-284,2)
. , ,
( 9”5‘1/‘315;‘)‘““ median 4723 241,0 558,0 210,5 635,3 83,7
ol (405,5-697,8) (127,3-410.2) (396,7- 702,8) (164,1 -432,1) (326,8-777,3) (5,1-293,7)
Angiostatin median 373,5 138,0 635,0 165 551,0 119,2

(95%IS)
pg/ml

(275,7-547,4)

(104,6-621,4)

(373,2-700,1)

(126,3-686,3)

(78,6-1102,2)

(104,0-603,4)

Table 3. p values if compared Levels of bFGE, VEGF, Endostatin and angiostatin in peripheral blood plasma (PB) and bone marrow plasma (BMP) in

patients with different response

Peripheral blood plasma

Bone marrow plasma

VGPR vs PR VGPR vs NR PR vs NR VGPR vs PR VGPR vs NR PRvs NR
':iflie 0,356 0,268 0,148 0,125 0,251 0,152
Zfﬁi 0211 0,112 0,144 0,258 0,096 0,079
E':‘:l";:aﬁ“ 0,187 0,254 0,241 0,145 0,067 0,084
g’;flisztaﬁ“ 0,225 0,107 0,124 0,201 0,235 0,194

number was the same as mentioned in TSP-1 and HGE Results
are shown in Table 2 and Table 3

There was an only trend to increased concentrations of
VEGF in the bone marrow plasma in the NR patients as
compared to the PR patients (p = 0.079). There were also
differences bordering on statistical significance in endostatin
concentrations, where patients with NR had lower endosta-
tin levels in the bone marrow plasma PR and CR+VGPR (p
=0.084 and p = 0.067 respectively).

Discussion

Increased rate of angiogenesis is one of the key factors in the
pathogenesis of MM [3, 8]. Angiogenesis is a complex process
controlled by a number of cytokines with activator or inhibi-
tor activities. One of the way to monitor angiogenesis in vivo
is the measurement of concentrations of the most important
angiogenesis factors in relevant tissues [9, 10, 11, 12].

The published studies on the levels of angiogenesis factors
in hematological diseases have brought rather discordant
results. One of the reasons behind this heterogeneity may
be the technique of bone marrow sampling. We have shown
previously that angiogenesis markers must be measured from
the first milliliter of the aspirated bone marrow; otherwise the

admixture of peripheral blood will skew the results [13]. Com-
parison between patients is only possible if there is stringent
adherence to the proper sampling technique.

The main objective of our retrospective study was to deter-
mine the predictive value of selected angiogenesis markers in
MM treated with high-dose chemotherapy. We have chosen
three angiogenesis activators including VEGF, HGE, and
bFGE, and three inhibitors including TSP-1, endostatin, and
angiostatin which have been shown to of importance in MM
or in other malignancies [9, 11, 12, 14, 15, 16, 17, 18]. There
is substantial literature on the roles of VEGE HGE and bFGF
in multiple myeloma. Especially HGF seems to be a key mol-
ecule in the myeloma-associated angiogenesis and a factor
stimulating survival and adherence of malignant plasma
cells [19]. Much less has been published about angiogenesis
inhibitors in MM. There is some evidence that the concen-
trations of endostatin in the peripheral blood are higher in
MM patients compared to healthy controls [16]. In addition,
angiostatin was reported to inhibit neovascularization, delay
tumor growth, and decrease HGF levels in a murine model of
plasmocytoma [20].

Our most important novel finding is that TSP-1 levels in the
bone marrow plasma at diagnosis predict the success or failure
of high-dose chemotherapy in MM. It is likely that patients
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with partial or worse response to high-dose chemotherapy
also have poorer survival than those with complete or very
good partial response [21]. The differences in peripheral blood
TSP-1 concentrations between the subgroups with different
treatment responses were non-significant probably due to its
release from activated platelets and endothelial cells in direct
contact with peripheral blood [14]. It has been proposed
that the type of endothelium which is present in the tumor
microenvironment produces less TSP-1 that the endothelium
of normal capillaries, thus leading to disinhibition of tumor-
associated angiogenesis [22].

The presence of high concentrations of angiogenesis activa-
tors in aggressive disease has already been described [11, 12,
15, 18]. Our results are in agreement with previously published
reports which show that HGF is the critical angiogenesis activa-
torin MM |2, 18, 23]. It also seems to be the most useful marker
for monitoring of angiogenesis activity because in contrast to
all other measured cytokines even its peripheral blood levels
were predictive of treatment response. On the other hand, in
our homogeneous cohort of patients and using a standardized
technique we have been unable to confirm the correlation of
VEGF and bFGF levels with treatment response [9, 24, 25].

Opverall, the changes in angiogenesis activators and inhibi-
tors suggest that MM patients with lower rate of angiogenesis at
diagnosis respond better to high-dose chemotherapy while the
patients with high angiogenesis rate respond poorly. Our re-
sults indicate that TSP-1 and HGF pretreatment concentrations
are predictive factors for MM patients treated with high-dose
chemotherapy. Their relative importance and independence
of established predictive and prognostic factors will need to
be confirmed in prospective studies.

Acknowledgement. This research was supported by grants MSMT
LC 06027, MSM 0021622434, IGA MZCR NR/9225

References:

[1] SCUDLA V,ZEMANOVA M, MINARIK JBACOVSKY J, OR-
VELTOVA J. International prognostic index (IPI)--a critical
comparison with five multiple myeloma staging systems in the
group of 270 patients treated by conventional chemotherapy.
Neoplasma. 2006; 53: 277-84.

[2]  VACCA A, RIBATTI D. Bone marrow angiogenesis in
multiple myeloma. Leukemia. 2006; 20: 193-9. doi:10.1038/
sj.leu.2404067

[3] RAJKUMAR SV, LEONG T, ROCHE PC, FONSECA R,
DISPENSIARI A, et al. Prognostic value of bone marrow
angiogenesis in multiple myeloma.Clin Cancer Res, 2000; 63:
111-6

[4]  ORPANA A. Angiogenic and lymphangiogenic molecules in
hematological malignancies. Leukemia and lymphoma, 2002;
43:219-24. d0i:10.1080/10428190290005964

[5] VACCA A, RIA R, RIBATTI D, SEMERADO E DIONOV'V,
etal.A paracrine loop in the vascular endothelial growth factor
pathway triggers tumor angiogenesis and growth in multiple
myeloma.Haematologica (Italy), 2003; 88: 176-85

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]

HAJEK R, SPICKA I, SCUDLA V. Consolidation Therapy
Based on Conventional Chemotherapy and Corticoids Do
Not Provide Therapeutic Advantage for Newly Diagnosed
Patients after Autologous Transplantation. Blood, 2007; 110:
531.

DURIE BG, HAROUSSEAU JL, MIGUEL ], BLADE ], BAR-
COGIE B, et al. International Myeloma Working Group:
International uniform response criteria for multiple myeloma.
Leukemia. 2006; 20: 1467-73. doi:10.1038/sj.leu.2404284
VACCA A, RIBATTI D. Bone marrow angiogenesis and
progression in multiple myeloma. Br ] Haematol. 1994 Jul;
87(3):503-8. doi:10.1111/§.1365-2141.1994.tb08304.x
NEBEN K, MOEHLER T, EGERER G. High plasma basic
fibroblast growth factor concentration is associated with
response to thalidomide in progressive multiple myeloma.
Clin Cancer Res. 2001; 7: 2675-81.

SMOLE] L, ANDRYS C, BELADA D. Plasma soluble endoglin
(sCD105) concentrations in patients with lymphoid malignan-
cies - a pilot study. Br ] Haem 2006;133 (Suppl.1): 104
SEZER O,JAKOB C, EUCKER J, NIEMOLLER K, GATZE et al.
Serum levels of the angiogenic cytokines basic fibroblast growth
factor (bFGF), vascular endothelial growth factor (VEGF) and
hepatocyte growth factor (HGF) in multiple myeloma.Eur ] Hae-
matol, 2001; 66: 83-88. d0i:10.1034/j.1600-0609.2001.00348.x
SATON, HATTORIY, WENLIN D, YAMADA T.,, KAMAZA
T, et al. Elevated level of plasma basic fibroblast growth factor
in multiple myeloma correlates with increased disease activity.
Jpn ] Cancer Res. 2002; 93: 459-66.

POUR L, KOVAROVA L, BUCHLER T, PENKA M., VOR-
LICEK J, et al. Evaluation of hepatocyte growth factor and
endostatin in the bone marrow of patients with multiple
myeloma and the effect of peripheral blood admixture. Heama-
tologica 90, 2005, Suppl. 1, 170

VOEST, E., DAMORE, P. Tumor angiogenesis and microcir-
culation. Marcel Dekker AG, New York, 2001, 623p
IWASAKI T, SANO H. Predicting treatment responses
and disease progression in myeloma using serum vascular
endothelial growth factor and hepatocyte growth factors
levels. Leuk Lymphoma. 2003; 44: 1347-51 doi:10.1080/
1042819031000083262

URBANSKA-RYS J.: High serum level of endostatin in
multiple myeloma at diagnosis but not in the plateau phase
after treatment. Mediators Inflamm. 2003; 12: 229-35.
d0i:10.1080/09629350310001599675

WROBEL T, MAZUR G, SUROWIAK P, WOLOWIEC D,
JELEN M, et al.Increased expression of vascular endothelial
growth factor in bone marrow of multiple myeloma patients
Eur J Intern Med, Mar 2003; 14: 98-100 d0i:10.1016/S0953-
6205(03)00027-X

ALEXANDRAKIS MG, PASSAM FH, SFIRIDAKI A. Elevated
serum concentration of hepatocyte growth factor in patients
with multiple myeloma: correlation with markers of disease
activity.Am ] Hematol (United States), 2003; 72: 229-33
doi:10.1002/ajh.10304

HOLT RU, BAYKOV V,RO TB, BRABRAND S, WAAGE A. et
al: Human myeloma cells adhere to fibronectin in response to
hepatocyte growth factor. Haematologica. 2005; 90: 479-88



http://dx.doi.org/10.1038/sj.leu.2404067
http://dx.doi.org/10.1038/sj.leu.2404067
http://dx.doi.org/10.1080/10428190290005964
http://dx.doi.org/10.1038/sj.leu.2404284
http://dx.doi.org/10.1111/j.1365-2141.1994.tb08304.x
http://dx.doi.org/10.1034/j.1600-0609.2001.00348.x
http://dx.doi.org/10.1080/1042819031000083262
http://dx.doi.org/10.1080/1042819031000083262
http://dx.doi.org/10.1080/09629350310001599675
http://dx.doi.org/10.1016/S0953-6205%2803%2900027-X
http://dx.doi.org/10.1016/S0953-6205%2803%2900027-X
http://dx.doi.org/10.1002/ajh.10304

34

L. POUR, H. SVACHOVA, Z. ASAM, Z. MIKULKOVA, L. BURESOVA, L. KOVAROVA, T. BUCHLER, M. PENKA, J. VORLICEK, R. HAJEK

DU W, HATTORI Y, YAMADA T, MATSUMOTO K, NA-
KAMURA T. NK4, an antagonist of hepatocyte growth factor
(HGF), inhibits growth of multiple myeloma cells in vivo;
molecular targeting of angiogenic growth factor. Blood. 2007;
109: 3042-9

ATTAL M, HAROUSSEAU JL, STOPPA AM,: A prospective,
randomized trial of autologous bone marrow transplantation
and chemotherapy in multiple myeloma. Intergroupe Frangais
du Myélome. N Engl ] Med 1996; 335: 91-7. d0i:10.1056/
NEJM199607113350204

KALAS W, RAK J.:Oncogenes and Angiogenesis: down-regu-
lation of trombospondin-1 in normal fibroblasts exposed to
factors from cancer cells harboring mutant ras.Cancer Res.
2005; 65: 8878-86 d0i:10.1158/0008-5472.CAN-05-1479

(23]

SCUDLA V, et al.: Comparison of serum levels of selected
biological parameters in monoclonal gammopathy of unde-
termined significance and multiple myeloma. Vnitr Lek. 2006
Mar; 52: 232-40 (in Czech).

DMOSZYNSKA A, BOJARSKA-JUNAK A, DOMANSKID, et
al. Production of proangiogenic cytokines during thalidomide
treatment of multiple myeloma Leuk Lymphoma, Feb 2002,
43 (2) p401-6 doi:10.1080/10428190290006224>/doi>
DMOSZYNSKA A, PODHORECKA M, MANKO J, BOJAR-
SKA-JUNAK A, ROLINSKI J, SKOMRA D. The influence of
thalidomide therapy on cytokine secretion, immunopheno-
type, BCL-2 expression and microvessel density in patients
with resistant or relapsed multiple myeloma. Neoplasma. 2005;
52:175-81



http://dx.doi.org/10.1056/NEJM199607113350204
http://dx.doi.org/10.1056/NEJM199607113350204
http://dx.doi.org/10.1158/0008-5472.CAN-05-1479
http://dx.doi.org/10.1080/10428190290006224%3E/doi%3E

