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Background: Angiogenesis is important for the proliferation and survival of multiple my-
eloma (MM) cells. Bone marrow (BM) microvessel density (MVD) is a useful marker of 
angiogenesis and is determined by immunohistochemical staining with anti-CD34 anti-
body. This study investigated the prognostic impact of MVD and demonstrated the rela-
tionship between MVD and previously mentioned prognostic factors in patients with MM.

Methods: The study included 107 patients with MM. MVD was assessed at initial diagno-
sis in a blinded manner by two hematopathologists who examined three CD34-positive hot 
spots per patient and counted the number of vessels in BM samples. Patients were di-
vided into three groups according to MVD tertiles. Cumulative progression-free survival 
(PFS) and overall survival (OS) curves, calculated by using Kaplan-Meier method, were 
compared among the three groups. Prognostic impact of MVD was assessed by calculat-
ing Cox proportional hazard ratio (HR).

Results: Median MVDs in the three groups were 16.8, 33.9, and 54.7. MVDs were corre-
lated with other prognostic factors, including β2-microglobulin concentration, plasma cell 
percentage in the BM, and cancer stage according to the International Staging System. 
Multivariate Cox regression analysis showed that high MVD was an independent predictor 
of PFS (HR=2.57; 95% confidence interval, 1.22-5.42; P =0.013). PFS was significantly 
lower in the high MVD group than in the low MVD group (P =0.025). However, no differ-
ence was observed in the OS (P =0.428).

Conclusions: Increased BM MVD is a marker of poor prognosis in patients newly diag-
nosed with MM. BM MVD should be assessed at the initial diagnosis of MM.
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INTRODUCTION

Angiogenesis, i.e., formation of new blood vessels, plays an im-

portant role in the proliferation and survival of neoplastic cells. 

Increased angiogenesis is an adverse prognostic factor in he-

matologic malignancies, including non-Hodgkin’s lymphomas 

and acute B-cell lymphoblastic and myeloblastic leukemias, and 

solid tumors [1-3]. 

 Multiple myeloma (MM) is the second most common hema-

tologic malignancy in humans, accounting for 10-15% hemato-

poietic neoplasms and 20% deaths due to hematologic malig-

nancies [4, 5]. Prognostic factors in patients with MM include 
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clinical symptoms, plasmacytosis, β2-microglobulin concentra-

tion, and plasma cell labeling index [6, 7]. Microvessel density 

(MVD), which is determined by the immunohistochemical (IHC) 

staining of bone marrow (BM) biopsy samples [3, 8, 9], is a mar-

ker of angiogenesis and can be used as a prognostic indicator 

in patients with MM. Increased BM MVD is an indicator of shorter 

progression-free survival (PFS), overall survival (OS), and dura-

tion of complete remission (CR) in patients newly diagnosed with 

MM [9-11].

 Although several studies have assessed BM MVDs in Korean 

patients with MM, the association of MVD with patient survival 

and disease progression has not yet been clarified. This study 

investigated the prognostic impact of MVD in Korean patients 

newly diagnosed with MM.

METHODS

1. Study population
This retrospective analysis included 107 patients (median age 

of 64 yr) who were newly diagnosed with symptomatic MM 

through a comprehensive diagnostic workup at the National Can-

cer Center, Goyang, Korea, between December 2001 and April 

2012 [12]. Their clinical and laboratory characteristics are listed 

in Table 1. BM biopsy was performed in all patients at initial di-

agnosis, and biopsied samples were used for quantifying MVD 

by staining with anti-CD34 antibody. All the patients had symp-

toms for end-organ damage and received intensive chemother-

apy. Of the 107 patients, four patients were eligible for hemato-

poetic stem cell transplantation while 51 were not. Initial treat-

ment regimens were diverse because of the retrospective nature 

of this study. In all, 21 patients received bortezomib-based regi-

mens, 20 patients received melphalan-based regimens, and 35 

patients received thalidomide-based regimens. Thirty-one pa-

tients underwent hematopoietic stem cell transplantation (HSCT), 

including three patients who underwent allogeneic transplanta-

tion. PFS was defined as the time from the start of first-line treat-

ment to disease progression or death due to any cause [13], and 

OS was defined as the time from the start of chemotherapy to 

death due to any cause.

2. Decalcification and IHC staining of BM biopsy samples
The proportion of plasma cells and overall cellularity were esti-

mated by using the biopsied BM samples. Paraffin-embedded 

samples were decalcified in 10% neutral-buffered formalin (Aus-

Table 1. Demographic and clinical characteristics of the study population

Total (N=107)
Groups†

Low MVD (N=37) Intermediate MVD (N=34) High MVD (N=36)

Age (yr) 64 (54-71) 69.0 (53.0-77.0) 67.0 (53.3-72.0) 53.0 (44.5-69.0)

Male:Female 68:39 26:11 26:8 16:20

MVD count 33.7 (19.3-49.2) 16.8 (11.5-20.4) 33.9 (29.8-36.8) 54.7 (48.6-65.7)

ISS stage (I:II:III)*,‡ 44:37:24 25:7:4 10:14:9 9:16:11

DS stage (I:II:III)* 6:17:83 4:8:24 2:6:26 0:3:33

Osteolytic lesions (%) 93 (86.9) 18 (48.6) 30 (88.2) 33 (91.7)

Osteoporosis (%) 47 (43.5) 10 (27.0) 15 (44.1) 13 (36.1)

Calcium (mg/dL) 9.2 (8.6-9.6) 9.2 (8.9-9.6) 9.0 (8.3-9.5) 9.2 (8.5-9.8)

Creatinine (mg/dL) 1.1 (1.0-1.4) 1.1(1.0-1.2) 1.1 (1.0-1.4) 1.2 (0.9-1.7)

Albumin (mg/dL) 3.8 (3.2-4.2) 3.9 (3.5-4.2) 3.7 (3.2-4.3) 3.6 (3.1-4.2)

β2-Microglobulin (mg/dL)* 3.3 (2.5-5.1) 2.5 (1.8-3.7) 3.9 (2.8-5.7) 4.2 (3.1-7.1)

Hemoglobin (g/dL)* 10.7 (9.0-12.0) 11.7 (10.0-12.7) 10.8 (9.5-11.8) 9.4 (8.6-11.1)

BM plasma cell (%)* 31.0 (18.0-51.5) 21.0 (10.0-43.5) 31.0 (20.5-49.0) 44.0 (27.0-73.0)

BM cellularity* 50.0 (37.5-75.0) 45.0 (31.3-53.8) 65.0 (40.0-75.0) 65.0 (46.3-83.8)

LDH (U/L) 153 (126.5-200.8) 119.5 (63.8-251.5) 140.0 (128.0-183.0) 156.0 (122.0-225.0)

Values are presented as median (interquartile range).
*P <0.05, between patients with low MVD and those with high MVD; †Patients were classified into three groups based on the tertiles of MVD; ‡ISS: I, β2-
microglobulin <3,500 μg/L and albumin ≥3.5 g/dL; II, not fitting in stage I or III; and III, β2-microglobulin ≥5,500 μg/L. Two patients could not be staged 
because of the non-availability of β2-microglobulin values.
Abbreviations: MVD, microvessel density; ISS, International staging system; DS, Durie-Salmon; LDH, lactate dehydrogenase; BM, bone marrow.
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tralian Biostain, Pty. Ltd., Traralgon, Australia) according to stan-

dard procedures. Thin-layer sections were prepared and were 

stained with hematoxylin and eosin (H&E) and antibodies against 

CD138, CD34, and immunoglobulin kappa and lambda light 

chains. IHC staining for CD34 was performed by using ultraView 

Universal DAB Detection Kit (Ventana Medical Systems Inc., Tuc-

son, AZ, USA) on Ventana Benchmark XT platform, according 

to the manufacturer’s instructions. The slides were immersed in 

citrate buffer and were boiled for 30 min in a microwave for an-

tigen retrieval. The slides were then dewaxed, pretreated with a 

mild cell conditioning 1 buffer (CC1, Ventana Medical Systems 

Inc., Tucson, AZ, USA), incubated with 1:500 dilution of a pri-

mary antibody against CD34 (clone QBEnd10, Novocastra, Leica 

Biosystems, Newcastle upon Tyne, UK) for 32 min, counterstain ed, 

and mounted.

3. Calculation of MVD
MVD was estimated manually by two independent hematopath-

ologists in a blinded manner with a microscope (Zeiss, Jena, 

Germany), as described previously but with some modifications 

[14]. Briefly, slides were scanned at 100× magnification to iden-

tify areas showing conspicuously increased MVD (called ‘hot 

spots’). Three hot spots were identified per patient, and stained 

vessels, including arterioles and venules, were counted in each 

hot spot at 400× magnification (area covered per spot, 0.24 

mm2). Round CD34-positive cells showing distinct nuclei were 

considered hematopoietic precursors and were excluded from 

the analysis. Stained cells in the trabecular bone and periosteum 

were also excluded from the analysis. Finally, the numbers of 

vessels in the three hot spots were averaged (Fig. 1).

4. Statistical analysis
Correlation between MVDs determined by the two hematopathol-

ogists as well as correlations between MVDs and other prognos-

tic factors, including anthropometric laboratory values, factors 

included in staging systems, and molecular parameters, assess ed 

at diagnosis were evaluated by using a parametric method. To 

demonstrate the strength of the correlation value, we consid-

ered 0.10≤r<0.30 to weak correlation, 0.30≤r< 0.50 to mod-

erate correlation, and r≥0.05 to strong correlation, as previously 

guided [15]. Results of FISH for translocations involving IGH/
FGFR3 (t[4;14]) and IGH/MAF (t[14;16]) and deletion of 17p13.1 

(TP53/17q23; MPO) (Kreatech Diagnostics, Amsterdam, The 

Netherlands) were included in the analysis [16]. The patients 

were divided into three groups on the basis of tertiles of MVD. 

Cumulative PFS and OS curves for each group were calculated 

by using Kaplan-Meier method and were compared by using 

log-rank test. Prognostic impact of MVD on PFS and OS was as-

sessed by using Cox proportional hazard model. Statistical sig-

nificance was set at P <0.05. All statistical analyses were per-

formed by using MedCalc for Windows, version 12.5 (MedCalc 

Software, Ostend, Belgium).

RESULTS

1.  Calculation, subgrouping, and interindividual comparison 
of MVDs

Manual assessment of MVDs produced estimated mean (SD) of 

Fig. 1. Assessment of microvessel density in the bone marrow by performing anti-CD34 immunohistochemical staining. (A) A ‘hot spot’ ob-
served under low magnification (×100) indicated by a red circle. (B) Stained vessels, including small arterioles and venules, observed un-
der high magnification (×400). In this slide, the number of vessels was 64/HPF.

A B
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39.2 (26.7) and 32.5 (18.2), respectively, with the two means 

differing significantly according to paired t-test (P =0.004). Mean 

(SD) MVD of the 107 patients with MM was 35.8 (19.7) (range, 

3.7-95.7), and median MVD was 33.7 (range, 3.7-98.2). Pati-

ents were divided into three groups on the basis of tertiles of MVD, 

with low, intermediate, and high median MVDs being 16.8, 33.9, 

and 54.7, respectively. Clinical characteristics of patients in these 

groups are summarized in Table 1. Cytogenetic risk factors were 

analyzed by performing FISH. Analysis of del17p13.1, t(4,14), 

and t(14,16) was performed in 50, 67, and four patients, re-

spectively. Results of this analysis showed that three of the 50 

patients had del17, eight of the 67 patients had t(4,14), and 

one of the four patients had t(14,16).

 Patients in the high MVD group had significantly higher mean 

serum β2-microglobulin concentration (P =0.013), plasma cell 

percentage (P =0.002), and cellularity (P <0.001) in the BM as-

pirates but significantly lower hemoglobin concentration (P = 

0.001) than patients in the low MVD group. In addition, patients 

in the high MVD group had higher cancer stage, as determined 

by the International Staging System (ISS) and Durie-Salmon (DS) 

staging, than patients in the low MVD group (Table 1).

 MVD showed moderate relationship with hemoglobin concen-

tration (Pearson’s correlation coefficient [r]=-0.342, P <0.001), 

weak relationship with β2-microglobulin concentration (r=0.247, 

P =0.011), moderate relationship with ISS stage (r=0.338, P < 

0.001), and moderate relationship with plasma cell percentage 

(r=0.319, P =0.001) in the BM aspirates. MVD was also mod-

erately correlated with BM cellularity (r=0.362, P <0.001) and 

weakly correlated with DS stage (r=0.266, P =0.006), and os-

teolytic lesions (r=0.212, P =0.029) (Table 2).

2. Prognostic impact of MVD
Association of prognostic parameters, including high MVD, with 

Table 2. Correlation between MVD and other risk factors

Variables
Pearson’s correlation 

coefficient (r)
P

Hemoglobin (g/dL) -0.342 <0.001

β2-Microglobulin (mg/dL) 0.247 0.011

ISS stage* 0.338 <0.001

DS stage† 0.266 0.006

Osteolytic lesions (%) 0.212 0.029

BM plasma cell (%) 0.319 0.001

BM cellularity 0.362 <0.001

*ISS: I, β2-microglobulin <3,500 μg/L and albumin ≥3.5 g/dL; II, not fitting 
stage I or III; and III, β2-microglobulin ≥5,500 μg/L; †DS staging system.
Abbreviations: MVD, microvessel density; ISS, International staging system; 
DS, Durie-Salmon; BM, bone marrow.

Table 3. Univariate and multivariate analyses of factors associated with PFS

Variables
Univariate Multivariate

HR 95% CI P HR 95% CI P

Hemoglobin (>9 vs. ≤9 g/dL) 2.21 1.24-3.95 0.008 1.96 0.72-5.34 0.190

Total calcium (>8.9 vs. ≤8.9 mg/dL) 1.30 0.75-2.26 0.355

Phosphate (>5.2 vs. ≤5.2 mg/dL) 1.30 0.61-2.78 0.500

BUN (>18 vs. ≤18 mg/dL) 1.54 0.89-2.67 0.125

Creatinine (>0.9 vs. ≤0.9 mg/dL) 2.04 0.92-4.53 0.082

LDH (>140 vs. ≤140 U/L) 1.70 0.92-3.14 0.089

β2-Microglobulin (>3.8 vs. ≤3.8 mg/dL) 2.41 1.38-4.22 0.002 2.32 1.08-4.99 0.032

M protein (>2.4 vs. ≤2.4 g/dL) 0.95 0.53-1.71 0.870

BM plasma cell (>48% vs. ≤48%) 1.13 0.61-2.08 0.704

Plasmacytoma 1.02 0.57-1.81 0.957

ISS stage III 1.42 0.74-2.73 0.291

FISH
   Deletion 17p13.1
   t(4;14)

1.74
2.72

0.23-13.29
1.09-6.77

0.596
0.031 1.96 0.72-5.38 0.190

High MVD group 2.10 1.22-3.61 0.008 2.57 1.22-5.42 0.013

Cutoffs were those that provided the best prognostic values.
Abbreviations: PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; BUN, blood urea nitrogen; LDH, lactate dehydrogenase; BM, bone 
marrow; ISS, International Staging System; MVD, microvessel density.
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PFS and OS was determined by using optimal points as cutoff 

values on ROC curves. Cox univariate proportional hazards anal-

ysis showed that high MVD was significantly associated with PFS 

(hazard ratio [HR]=2.10; 95% CI, 1.22-3.61; P =0.008). Clini-

cal markers such as decreased hemoglobin concentration (HR 

=2.21; 95% CI, 1.24-3.95; P =0.008), elevated β2-microglobulin 

concentration (HR=2.41; 95% CI, 1.38-4.22; P =0.002), and 

translocation of chromosome 4 to chromosome 14 (HR=2.72; 

95%, CI 1.09-6.77; P =0.031) were significantly associated with 

decreased PFS. Multivariate analysis showed that only high MVD 

(HR=2.57; 95% CI, 1.22-5.42; P =0.013) and elevated β2-mi-

croglobulin concentration (HR=2.32; 95% CI, 1.08-4.99; P = 

0.032) were independent predictors of disease progression (Ta-

ble 3). Patients with high MVD had significantly lower PFS (P = 

0.025) than patients with low and intermediate MVDs. Median 

PFS in low, intermediate, and high MVD groups was 29.6, 20.8, 

Fig. 2. Kaplan-Meier analysis of (A) progression-free survival (PFS) and (B) overall survival in patients with low, intermediate, and high mi-
crovessel densities (MVDs). PFS was significantly shorter in patients with high MVD than in those with low MVD (P =0.025). 
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Table 4. Univariate and multivariate analyses of factors associated with OS

Variables
Univariate Multivariate

HR 95% CI P HR 95% CI P

Hemoglobin (≤10.1 vs. >10.1 g/dL) 1.73 0.93-3.23 0.085

Total calcium (>9.5 vs. ≤9.5 mg/dL) 1.14 0.59-2.19 0.700

Phosphate (>4.9 vs. ≤4.9 mg/dL) 1.23 0.63-2.40 0.540

BUN (>20 vs. ≤20 mg/dL) 2.91 1.57-5.40 <0.001 2.46 1.11-5.43 0.027

Creatinine (>1.5 vs. ≤1.5 mg/dL) 3.20 1.63-6.27 <0.001 1.82 0.79-4.19 0.160

LDH (>212 vs. ≤212 U/L) 3.83 1.90-7.72 <0.001 4.95 2.18-11.22 <0.001

β2-Microglobulin (>3.3 vs. ≤3.3 mg/dL) 1.92 1.01-3.64 0.046 0.63 0.24-1.69 0.361

M protein (>3.9 vs. ≤3.9 g/dL) 0.76 0.31-1.86 0.551

BM plasma cell (>44% vs. ≤44%) 2.78 1.50-5.14 0.001 3.17 1.53-6.60 0.002

Plasmacytoma 1.89 0.99-3.61 0.053

ISS stage III 2.75 1.42-5.33 0.003 1.13 0.45-2.82 0.796

FISH
   Deletion 17p13.1
   t(4;14)

0.05
1.71

0.00-6310
0.48-6.12

0.609
0.407

High MVD group 1.31 0.71-2.45 0.392

Cutoffs were those that provided the best prognostic values.
Abbreviations: HR, hazard ratio; CI, confidence interval; OS, overall survival; BUN, blood urea nitrogen; LDH, lactate dehydrogenase; BM, bone marrow; ISS, 
International Staging System; MVD, microvessel density.
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and 10.2 months, respectively (Fig. 2A).

 Univariate analysis showed that elevated β2-microglobulin 

(HR=1.92; 95% CI, 1.01-3.64; P =0.046) and lactate dehydro-

genase (LDH) concentrations (HR=3.83; 95% CI, 1.90-7.72, 

P <0.001) were significantly associated with reduced OS. In ad-

dition, elevated blood urea nitrogen (BUN) (HR=2.91; 95% CI, 

1.57-5.40; P <0.001), creatinine (HR=3.20; 95% CI, 1.63-6.27; 

P <0.001), percentage of plasma cells in the BM aspirate (HR= 

2.78; 95% CI, 1.50-5.14; P =0.001) and ISS stage III patients 

(HR=2.75; 95% CI, 1.42-5.33; P =0.003) were significantly as-

sociated with reduced OS. However, high MVD was not signifi-

cantly associated with reduced OS (Table 4), with survival rates 

being similar in low, intermediate, and high MVD groups. Me-

dian OS was shorter in the high MVD group than in the low MVD 

group (50.6 vs. 65.3 months, P =0.428; Fig. 2B).

DISCUSSION

In this study, 107 patients who were newly diagnosed with MM 

and who received intensive chemotherapy were retrospectively 

analyzed to assess the impact of MVD on PFS and OS and the 

correlation between MVD and other clinical parameters of MM. 

The results showed that increased angiogenesis, as determined 

by MVD, was significantly associated with reduced PFS. More-

over, MVD was significantly correlated with the previously deter-

mined prognostic factors such as hemoglobin concentration, 

β2-microglobulin concentration, ISS stage, BM plasma cell per-

centage, and BM cellularity. 

 The present findings are similar to those of previous studies. 

In a study involving 110 patients with MM who were classified 

into four groups based on MVD severity, angiogenesis was found 

to be significantly lower in complete responders than in non-re-

sponders. Independent prognostic factors in complete respond-

ers included lowest MVD grade and serum β2-microglobulin 

concentration of <3,400 ng/dL [14]. In the present study, we 

obtained a positive HR for patients with β2-microglobulin con-

centration of >3.8 mg/dL. Further, multivariate analysis showed 

that high MVD was significantly associated with shorter PFS af-

ter adjustment for hemoglobin, LDH, and β2-microglobulin con-

centration. A study involving 88 patients newly diagnosed with 

MM showed that MVD obtained at initial diagnosis was corre-

lated with PFS and OS [17]. In this study, patients with high MVD 

had a median PFS of 21 months, which was longer than 10.2 

months observed in the present study. This discrepancy may be 

due to the lower median age and lower median MVD in the pre-

vious study.

 Although several studies have shown that angiogenesis, which 

is estimated by using MVD, is increased in Korean patients with 

MM, the correlation between MVD and other prognostic factors 

as well as the effects of MVD on survival have not been deter-

mined accurately. A previous study reported that MVD was weakly 

correlated with plasma cell percentage in BM samples [18]. Al-

though MVD was significantly higher in patients with MM than 

in controls in this study, it did not significantly affect survival. 

Another study involving 75 patients with MM showed that age of 

<65 yr, hemoglobin concentration of ≥8.5 g/dL, platelet count 

of ≥100,000/ μL, serum albumin level of ≥3.0 g/dL, serum cal-

cium level of <12.0 mg/dL, serum creatinine level of <2.0 mg/

dL, serum β2-microglobulin level of <4.0 μg/dL, and plasma 

cell percentage of <30% were significantly associated with lon-

ger OS [19]. However, this study also showed that VEGF con-

centration and MVD were not significant prognostic factors in 

patients with MM. Another study involving 21 patients with MM 

who were treated with high-dose chemotherapy and autologous 

stem cell transplantation showed no significant difference in OS 

between patients with MVD reduction of >50% and those with 

MVD reduction of <50% [8]. Results of these studies indicated 

that MVD had no prognostic value and were inconsistent with 

the results of our study because these studies only assess ed OS.

 The results of the present study indicated that high MVD was 

a prognostic factor, especially for disease progression, in patients 

with MM. Therefore, high MVD can be considered as an inde-

pendent predictor of poor prognosis in Korean patients with MM. 

MVD should be measured after routine BM biopsy at initial di-

agnosis. Growth of myeloma cells and survival of patients with 

MM are associated with increased angiogenesis in the BM mi-

croenvironment, which promotes the metastasis of myeloma 

cells [3, 20]. These findings along with the findings of studies 

involving the analysis of microvessels in patients with MM em-

phasize the importance of angiogenesis and suggest that antian-

giogenic therapy can be effective in treating MM [1, 13, 20, 21].

 However, the present study has some limitations, including its 

retrospective design and manual estimation of MVD. We divided 

the patients into three groups based on the tertiles of MVD but 

did not include a control group. In addition, manual counting of 

MVDs in BM samples is a limitation because of interobserver 

differences, especially while counting very small arterioles and 

venules and exclusion of areas with non-specific staining. Be-

cause the difference in the mean (SD) MVDs determined by the 

two independent hematopathologists was statistically significant, 

more standardized MVD assessments such as those involving 

computerized image analyzers should be performed in the fu-
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ture [11, 14, 22-24]. Thus, the present results should be vali-

dated by using computer-based analysis systems.

 In conclusion, this study showed that increased MVD in the 

BM is a marker of poor prognosis in patients with MM. Routine 

measurement of MVDs in BM samples at initial diagnosis may 

assist in the treatment of patients with MM.

Authors’ Disclosures of Potential Conflicts of  
Interest

No potential conflicts of interest relevant to this article were re-

ported.

Acknowledgments

This work was supported by a grant from the National Research 

Foundation (NRF) of Korea funded by the Korean government 

(MSIP; No. 2014R1A2A2A01002553).

 

REFERENCES

1. Bergers G and Benjamin LE. Tumorigenesis and the angiogenic switch. 
Nat Rev Cancer 2003;3:401-10.

2. Hong L, Han Y, Brain L. The role of epidermal growth factor receptor in 
prognosis and treatment of gastric cancer. Expert Rev Gastroenterol He-
patol 2014;8:111-7.

3. Jakob C, Sterz J, Zavrski I, Heider U, Kleeberg L, Fleissner C, et al. An-
giogenesis in multiple myeloma. Eur J Cancer 2006;42:1581-90.

4. Fan F, Schimming A, Jaeger D, Podar K. Targeting the tumor microen-
vironment: focus on angiogenesis. J Oncol 2012;2012:281261.

5. Liu Y, Zhu XJ, Zeng C, Wu PH, Wang HX, Chen ZC, et al. Microvesicles 
secreted from human multiple myeloma cells promote angiogenesis. 
Acta Pharmacol Sin 2014;35:230-8.

6. Vacca A and Ribatti D. Bone marrow angiogenesis in multiple myeloma. 
Leukemia 2006;20:193-9.

7. Niemöller K, Jakob C, Heider U, Zavrski I, Eucker J, Kaufmann O, et al. 
Bone marrow angiogenesis and its correlation with other disease char-
acteristics in multiple myeloma in stage I versus stage II-III. J Cancer 
Res Clin Oncol 2003;129:234-8.

8. Oh HS, Choi JH, Park CK, Jung CW, Lee SI, Park Q, et al. Comparison 
of microvessel density before and after peripheral blood stem cell trans-
plantation in multiple myeloma patients and its clinical implications: mul-
ticenter trial. Int J Hematol 2002;76:465-70.

9. Pruneri G, Ponzoni M, Ferreri AJ, Decarli N, Tresoldi M, Raggi F, et al. 
Microvessel density, a surrogate marker of angiogenesis, is significantly 

related to survival in multiple myeloma patients. Br J Haematol 2002; 
118:817-20.

10. Sezer O, Niemoller K, Eucker J, Jakob C, Kaufmann O, Zavrski I, et al. 
Bone marrow microvessel density is a prognostic factor for survival in 
patients with multiple myeloma. Ann Hematol 2000;79:574-7.

11. Rajkumar SV, Leong T, Roche PC, Fonseca R, Dispenzieri A, Lacy MQ, 
et al. Prognostic value of bone marrow angiogenesis in multiple myelo-
ma. Clin Cancer Res 2000;6:3111-6.

12. Kyle RA and Rajkumar SV. Criteria for diagnosis, staging, risk stratifica-
tion and response assessment of multiple myeloma. Leukemia 2009; 
23:3-9.

13. Anderson KC, Kyle RA, Rajkumar SV, Stewart AK, Weber D, Richardson 
P, et al. Clinically relevant end points and new drug approvals for my-
eloma. Leukemia 2008;22:231-9.

14. Bhatti SS, Kumar L, Dinda AK, Dawar R. Prognostic value of bone mar-
row angiogenesis in multiple myeloma: use of light microscopy as well 
as computerized image analyzer in the assessment of microvessel den-
sity and total vascular area in multiple myeloma and its correlation with 
various clinical, histological, and laboratory parameters. Am J Hematol 
2006;81:649-56.

15. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. 
Hillsdale, NJ: Lawrence Erlbaum Associates, 1988.

16. Fonseca R, Bergsagel PL, Drach J, Shaughnessy J, Gutierrez N, Stew-
art AK, et al. International Myeloma Working Group molecular classifi-
cation of multiple myeloma: spotlight review. Leukemia 2009;23:2210-
21.

17. Kumar S, Gertz MA, Dispenzieri A, Lacy MQ, Wellik LA, Fonseca R, et 
al. Prognostic value of bone marrow angiogenesis in patients with multi-
ple myeloma undergoing high-dose therapy. Bone Marrow Transplant 
2004;34:235-9.

18. Ahn MJ, Park CK, Choi JH, Lee WM, Lee YY, Choi IY, et al. Clinical sig-
nificance of microvessel density in multiple myeloma patients. J Korean 
Med Sci 2001;16:45-50.

19. Choi JH, Ahn MJ, Jang SJ, Park CK, Park YW, Oh HS, et al. Absence of 
clinical prognostic value of vascular endothelial growth factor and mi-
crovessel density in multiple myeloma. Int J Hematol 2002;76:460-4.

20. Giuliani N, Storti P, Bolzoni M, Palma BD, Bonomini S. Angiogenesis 
and multiple myeloma. Cancer Microenviron 2011;4:325-37.

21. Munshi NC, Anderson KC, Bergsagel PL, Shaughnessy J, Palumbo A, 
Durie B, et al. Consensus recommendations for risk stratification in mul-
tiple myeloma: report of the International Myeloma Workshop Consen-
sus Panel 2. Blood 2011;117:4696-700.

22. Rana C, Sharma S, Agrawal V, Singh U. Bone marrow angiogenesis in 
multiple myeloma and its correlation with clinicopathological factors. 
Ann Hematol 2010;89:789-94.

23. Sprindzuk M, Dmitruk A, Kovalev V, Bogush A, Tuzikov A, Liakhovski V, 
et al. Computer-aided Image Processing of Angiogenic Histological. J 
Clin Med Res 2009;1:249-61.

24. Babarović E, Valković T, Štifter S, Budisavljević I, Seili-Bekafigo I, Duletić-
Načinovic A, et al. Assessment of bone marrow fibrosis and angiogene-
sis in monitoring patients with multiple myeloma. Am J Clin Pathol 2012; 
137:870-8.


