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Abstract

Background: The aim of this study was to analyze the survival of patients with multiple myeloma
depending on the value of endothelial cells involved in the process of tumor neoangiogenesis.
Methods: In our non-randomized observational study, we prospectively evaluated a cohort of 74
adult patients with multiple myeloma who underwent baseline assessment of endothelial cell counts
in the bone marrow, received VCD or VID anti-myeloma therapy followed by auto PBSCT, and were
then evaluated for survival during long-term follow-up. Results: The survival of myeloma patients
undergoing the above therapies was analyzed, and it was shown that patients with higher endothelial
cell counts had higher mortality rates during long-term follow-up. In the group of deaths, the
endothelial cell count was significantly higher (p=0.0235). We also observed that patients who
initially had osteolytic lesions > 2 also had higher endothelial cell counts (p=0.02120). However,
analysis of endothelial cell counts in relation to survival in patients using antiangiogenic drugs
showed that endothelial cell counts in this group of deaths were also significantly higher
(p=0.0482)Conclusions: Patients with higher endothelial cell counts have higher mortality rates.
Patients who did not receive antiangiogenic drugs from the start of therapy also had higher mortality
rates during long-term follow-up.

Keywords: multiple myeloma; endothelial cells; survival

Materials and Methods

Our observational study was not randomized and involved a prospective evaluation of a cohort
of 74 adult patients with multiple myeloma and indications for treatment including the
antiangiogenic drug thalidomide in first-line therapy. Patients were treated at the Hematology Clinic
of the Military Medical Institute in Warsaw.

The study was approved by the ethics committee KB/234/18 on January 10, 2018. The purpose
and procedures of the study were explained to the participants, and their verbal and written informed
consent was obtained. However, it should be emphasized that all patients eligible for the study had
full indications for standard treatment in 2018-2019, i.e., including the use of thalidomide in first-line
therapy.

The National Comprehensive Cancer Network has developed guidelines for the diagnosis,
therapy, monitoring, and supportive care of multiple myeloma (MM). An update covering
therapeutic management was published in January 2018 [1]. NCCN experts classified drugs used in
MM therapy —both for newly diagnosed patients and those with refractory/relapsed myeloma—into
three groups: “preferred,” “other recommended,” and “useful in specific circumstances.” Patients
with newly diagnosed multiple myeloma (ND MM) eligible for autologous hematopoietic stem cell
transplantation had preferred regimens in triple-drug therapies based on the use of bortezomib:
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bortezomib/lenalidomide/dexamethasone (VRd) and bortezomib/
cyclophosphamide/dexamethasone (VCd). The VCd regimen was considered the treatment of choice
in patients with acute kidney injury, with the possibility of switching to VRd after improvement in
kidney function.

In 2018-2019, the situation in Poland was different. First of all, it should be emphasized that first-
line treatment with lenalidomide, recommended by the NCCN, was not reimbursed in Poland.
According to the guidelines of the Polish Myeloma Group published in 2017, patients eligible for
autoHSCT  should have received induction therapy according to the VID
bortezomib/thalidomide/dexamethasone), VCD (bortezomib/cyclophosphamide/dexamethasone),
or PAD (bortezomib/doxorubicin/dexamethasone) protocols.

In our study, we only considered patients who were eligible for treatment with VID or VCD
therapy.

General eligibility criteria: (1) age over 18 years; (2) performance status 0-2 according to the
ECOG scale (Eastern Cooperative Oncology Group performance scale); (3) diagnosis of multiple
myeloma; (4) presence of indications for treatment in accordance with the guidelines Multiple
myeloma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up [1] (5) no
contraindications to the use of the drug in accordance with the current summary of product
characteristics; (6) no hypersensitivity to any of the drugs or any of the excipients of the drug; (7)
exclusion of pregnancy and lactation; (8) patient consent to use contraception in accordance with the
current summary of product characteristics; (9) no active and serious infections; and (10) no
significant comorbidities or clinical conditions that are contraindications to therapy.

Important exclusion criteria: (1) occurrence of hypersensitivity symptoms to any of the drugs
used or any of the excipients of the drug (2) pregnancy or breastfeeding; and (3) occurrence of
diseases or conditions which, in the opinion of the attending physician, prevent continuation of
treatment.

Table 1. Basic characteristics of the study group in terms of gender, age, ECOG performance status, and clinical

stage of disease according to the Salmon-Durie classification.

Cohort 74
Sex
female 47 3%
male 52,7%
Age
mean 55,5
range 48-61
Diagnosis
Myeloma multiplex 100%
ECOG
0 2 (2,7%)
1 42 (56,76%)
2 30 (40,54%)
Durie-Salmon classification
I 0
1I 9 (12,14%)
111 65 (87,86%)

All patients underwent standard initial examinations to assess their condition, including a
medical examination, physical examination, and biochemical tests, particularly those related to
kidney function and electrolyte levels (sodium, potassium, calcium). Imaging tests, especially bone
tomography to assess the bone osteolysis process, and bone marrow examination were also
performed. The bone marrow was subjected to both a standard assessment to determine the degree
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of plasma cell infiltration and an additional examination of endothelial cell activity. The test was
performed using flow cytometry.

Statistical Methodology

All statistical calculations were performed using the statistical package TIBCO Software Inc.
(2017). Statistica (data analysis software system), version 13. http://statistica.io.

Quantitative variables were characterized using arithmetic mean, standard deviation, median,
minimum and maximum values (range), and 95% CI (confidence interval). Qualitative variables were
presented using counts and percentages (percentage).

The Shapiro-Wilk test was used to check whether the quantitative variable came from a normally
distributed population. The Levene (Brown-Forsythe) test was used to test the hypothesis of equal
variances.

The significance of differences between two groups was examined using significance tests:
Student’s t-test or Mann-Whitney U test. The significance of differences between more than two
groups was checked using the F test (ANOVA) or Kruskal-Wallis test. In the case of statistically
significant differences between groups, post hoc tests were used (Tukey’s test for F, Dunn’s test for
Kruskal-Wallis).

In order to determine the relationship, strength, and direction between variables, correlation
analysis was used to calculate Pearson and/or Spearman correlation coefficients. In all calculations,
p=0.05 was taken as the significance level.

Flow Cytometry Medodology

Plasma cells and endothelial cells were identified by evaluation of surface and intracellular
antigens by flow cytometry using FACS Canto II BD (Becton Dickinson, Franklin Lakes, New Jersey,
USA). An 8-color panel of monoclonal antibodies was used. Cells were stained with fluorescently
labeled antibodies: CD45-V500, CD19 PE-Cy7, CD138-APC, CD38-APC-H7, CD20-V450, CD309-APC
(BD Biosciences) for 20 min at room temperature. After washing, cells were analyzed within 2 h. For
the detection of intracellular markers: lambda-FITC, kappa-PE (Sigma-Aldrich, St. Louis, MO, USA),
an additional step was performed with IntraStain (Dako, Glostrup, Denmark) to fix and permeabilize
the membrane. At least 200,000 events were collected for each sample. Data were analyzed using
DIVA Analysis 8.0.1 software (Becton Dickinson) and Infinicyt 1.8 flow cytometry (Cytognos,
Salamanca, Spain). Internal quality control of the cytometer was performed using CS&T IVD Beads
BD FACS Diva (Becton Dickinson), respectively, according to the manufacturer’s guidelines. Plasma
cells: CD45+dim CD138+ CD38+. Endothelial cells: CD45+dim CD309+ CD138
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Figure 1. Representative gating strategy in study group for plasma cells and endothelial cells (ED cells). (A)
Plasma cells (blue color) gating strategy: FSC-A vs. FSC-H plot: Gating the cells that have an equal area and
height, thus removing clumps (greater FSC-A relative to FSC-H) and debris (very low FSC) (P1 gate). CD138
APC vs. CD38 APC-H7-A plot: selection of plasma cells based on their expression of antigens. Location of plasma
cells on the SSC-A vs CD45 V500-A plot. (B) Endothelial cells (orange color) gating strategy: dot plots of
endothelial cells based on their SSC/CD309 APC properties, the next step - selection of endothelial cells on the
SSC-A/CD45 V500-A plot (phenotypes of cells described in section: material and method).

Results

Seventy-four patients with multiple myeloma were observed. All patients were eligible for VTD
or VCD treatment. VCD therapy was used in 45 patients (60.81%), and VID therapy was used in 29
patients (39.19%). In all patients, first-line therapy was completed with high-dose chemotherapy
using melphalan at a dose of 100-200 mg/m2 as monotherapy, supported by autologous
hematopoietic cell transplantation (autoPBSCT). In the study cohort, the percentage of women and
men was 47.3% and 52.7%, respectively. The average age of patients was 55.5 years (range 48-61
years). Younger patients without serious comorbidities were specifically selected for our observation
so that the predicted survival time, excluding hematological disease, would not be less than 10 years.
All patients had diagnosed multiple myeloma. The stage of the disease was assessed according to the
Salomon-Durie classification and was stage 2 in 13.1% of cases and stage 3 in 86.9% of cases. Patients
with osteolytic bone lesions above 2 foci accounted for 84.1%, and those with 2 or fewer foci
accounted for 15.9%.

Our study began in 2018 and the observation concerned patients with a confirmed diagnosis and
initiation of treatment for multiple myeloma in 2018 and 2019. Subsequently, after completing
treatment according to the above regimens, the patients underwent long-term observation. The type
of remission achieved by the patients, whether it was complete or partial, was not analyzed, nor was
the speed of disease recurrence after autologous transplantation as the final stage of first-line
treatment. Among the 74 patients analyzed, 43 have died so far, i.e., between 2018 and the end of
2024, and 31 are still alive. The average survival time for deceased patients was 3.7 (0-6) years. Among
the deceased patients, 26 (60.47%) received first-line VCD treatment, and 17 (39.53%) received VTD
treatment.

As is well known, patients with myeloma often experience complications in the form of renal
failure. Our study also took into account kidney function parameters. The mean creatinine value in
the study cohort was 1.3 (range: 0.7-4.5), the mean eGFR value was 57 ml/min/m2 (range: 18—>90),
the average Hb value was 11.8 (range: 9.8-14.1), the average HCT value was (14.8) (range: 0.1-51.1),
the average platelet count was 84.0 (89.8) (range: 33.0-422.0), and the average hemoglobin
concentration was 11.2 (2.5) (range: 7.5-15.7)

In our study patients, the value of endothelial cells in the bone marrow was assessed before the
start of therapy. The test was performed using the immunophenotypic method. VTd and VCd
therapy was conducted for 6 months until autologous hematopoietic stem cell transplantation (auto
PBSCT) was performed. We attempted to separate hematopoietic cells for autotransplantation after
a maximum of four cycles of anti-myeloma therapy, as it is known that the use of thalidomide reduces
the number of circulating CD34+ stem cells, which hinders the process of collecting cells from
peripheral blood. Next, the survival of myeloma patients undergoing the above therapies was
analyzed, and it was shown that patients with higher endothelial cell counts had higher mortality
rates during long-term follow-up. In the group of deaths, the endothelial cell count was significantly
higher (p=0.0235). Table 1

Table 1. Analysis of the relationship between endothelial cells values and mortality.

Death Survival
(n=29) (n=16)
endothelial cells 0,0235

P-value?
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(SD) 0,835 (1,544) 0,069 (0,043)
range 0,022-5,500 0,003-0,134
mediane (IQR) 0,108 (0,777) 0,071 (0,074)
95%CI [0,248;1,423] [0,046;0,092]

'U Mann-Whitney.

We also observed that patients who initially had osteolytic lesions > 2 also had higher endothelial
cell counts (p=0.02120). However, analysis of endothelial cell counts in relation to survival in patients
using antiangiogenic drugs showed that endothelial cell counts in this group of deaths were also
significantly higher (p=0.0482).

Table 2. Analysis of the relationship between endothelial cell values and survival in patients with osteolytic

lesions >2.
Zgon Przezycie
(ni 15) (n= 1);) P-valuel
Endothelial cells 0,0482

(SD) 0,743 (1,602) 0,067 (0,047)
range 0,023-5,500 0,003-0,127
mediane (IQR) 0,165 (0,614) 0,075 (0,079)
95%CI [-0,333;1,819] [0,030;0,103]

U Mann-Whitney.

Discussion

Understanding the molecular interactions between myeloma cells and non-hematopoietic cells
in the bone marrow is also crucial for developing new strategies to improve the effectiveness of
myeloma treatment.

Multiple myeloma is a type of blood cancer characterized by the proliferation of malignant
plasma cells in the bone marrow. Endothelial cells, in turn, are a type of cell that lines the inner surface
of blood and lymphatic vessels, playing a key role in regulating blood flow, blood pressure, and the
formation of new blood vessels. Multiple myeloma is still an incurable disease according to current
knowledge, so any treatment method that improves prognosis, quality of life, and survival may
ultimately represent progress in the treatment of this disease.

The relationship between myeloma and endothelial cells

In the context of myeloma, it has been found that endothelial cells interact with myeloma cells
in the bone marrow microenvironment. These interactions may promote the growth and survival of
myeloma cells and contribute to the development of drug resistance. Endothelial cells can release
various growth factors and cytokines, such as vascular endothelial growth factor (VEGF), which
stimulates the proliferation of myeloma cells [2]. In our study, we took into account the assessment
of endothelial cells and the effect of the immunomodulatory antiangiogenic drug thalidomide on the
survival of patients with myeloma. The drug thalidomide enhances the anti-tumor immune response,
but also exhibits cytotoxic activity against multiple myeloma (MM) cells and inhibits tumor-
associated angiogenesis [4]. Its newer counterparts have similar effects, but are free of many side
effects.

The important role of angiogenesis in tumor development was initially described in solid
tumors. It was not until the 1990s that this role was demonstrated in hematological malignancies, the
first model of which was multiple myeloma [5]. Our study confirmed the importance of angiogenesis-
inhibiting drugs in the treatment of multiple myeloma, as we demonstrated increased survival in
patients with lower baseline endothelial cell counts and improved survival when antiangiogenic
drugs were used. Morgan et al. [6] had already shown that continued use of thalidomide significantly
improves PFS and may be associated with improved OS. Our observation confirmed this theory.
Reyes et al. and Braunstein et al. emphasize the need to investigate the hypotheses that MM and EPC
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cells originate from multipotent progenitor cells [7,8] or MM stem cells capable of self-renewal and
differentiation [9], or are altered by factors causing identical changes in myeloma cells and EPCs.
Research is ongoing on the differentiation potential of single endothelial cells obtained from MM
patients and comparing endothelial cells with cancerous plasma cells at the genetic level. The answers
to these questions will allow us to better understand angiogenesis in myeloma and its significance
for the treatment of this disease [10-12]. Rigolin et al. [13] published data on five patients with MM
who had an identical 13q14 deletion in both circulating endothelial cells and bone marrow plasma
cells. In other words, they exhibited the same chromosomal aberration as malignant plasma cells.
These results suggest a possible origin of CECs from a common precursor of hemangioblasts, which
may give rise to both plasma cells and endothelial cells, and indicate a direct influence of CECs
derived from MM on tumor angiogenesis and possibly also on disease spread and progression. Yu
M et al. demonstrated in their observation that angiogenesis was closely correlated with the prognosis
of MM patients. Inmunohistochemistry confirmed that high microvessel density could indicate poor
prognosis. Assessment of the AAG (angiogenesis-associated genes) signature facilitated the
prediction of patient response to immunotherapy and the targeting of more effective immunotherapy
strategies [14]. Multiple myeloma remains an incurable disease that poses significant therapeutic
challenges. Minnie et al. have already noted in their observations that a breakthrough in myeloma
treatment may occur thanks to the emergence of many new immunotherapies [15]. Combining
antiangiogenic therapies with immune checkpoint inhibitors has become an attractive strategy,
although there is still a long way to go, considering the difficulties in controlling the immune system,
toxicity, side effects, etc. [16,17]. In our study we also come to conclusions about the significant
importance of antiangiogenic medicines.

Conclusions

Patients with higher endothelial cell counts have higher mortality rates. Patients who did not
receive antiangiogenic drugs from the start of therapy also had higher mortality rates during long-
term follow-up. In everyday practice, the need to use antiangiogenic drugs as part of myeloma
therapy should be taken into account. It also appears that in everyday practice, endothelial cell count
may be one of many prognostic factors. It appears that patients with high endothelial cell counts
should be treated with therapies that also include antiangiogenic drugs. These drugs appear to
prolong overall survival in myeloma patients, especially in patients with high endothelial cell counts.
Our observations indicate that bone marrow endothelial cell counts may be an independent
prognostic factor for survival in patients with multiple myeloma. However, our findings require
longer follow-up, and perhaps multicenter studies.
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