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Vasculogenic mimicry and breast cancer prognosis:
Insights into predictive model development
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Abstract. Breast cancer remains one of the most prevalent
malignancies among women worldwide. Although advances
in multimodal therapies have markedly improved clinical
outcomes, recurrence and metastasis continue to pose major
challenges. Vasculogenic mimicry (VM), a process in which
tumor cells form vessel-like channels in the absence of endothe-
lial cells, provides an alternative blood supply for tumor growth.
The aim of the present study was to elucidate the association
between VM and breast cancer prognosis and to establish a
prognostic prediction model incorporating VM. The present
study retrospectively analyzed 120 patients diagnosed with
breast cancer and treated with curative surgery at Affiliated
Hospital of Guangdong Medical University (Zhanjiang,
China) between January 2020 and April 2022. Routine post-
operative pathological assessment was performed, followed
by CD34/periodic acid-Schiff double staining to detect VM
structures within tumor tissues. Associations between VM
and baseline characteristics, peripheral blood indices, patho-
logical features and clinical variables were examined. Cox
proportional hazards regression analysis was used to evaluate
the prognostic significance of VM and a predictive model
was constructed by integrating VM with other independent
prognostic factors. Disease-free survival (DFS) was defined
as the study endpoint. Model performance was evaluated and
survival analysis was performed for individual risk factors
as well as for the composite model. The presence of VM was
reported to be significantly associated with advanced T stage

Correspondence to: Professor Yuangi Zhang, Department of Breast
Surgery, Affiliated Hospital of Guangdong Medical University,
57 Renmin Avenue South, Zhanjiang, Guangdong 524000, P.R. China
E-mail: zhangyuanqi@gdmu.edu.cn

*Contributed equally

Key words: breast cancer, vasculogenic mimicry, disease-free
survival, prognostic prediction model

(P=0.030), N stage (P=0.022), higher overall tumor stage
(P=0.006) and elevated serum total cholesterol (P=0.015).
VM positivity was associated with worse prognosis, with DFS
significantly reduced in VM* patients (log-rank test; P<0.001).
Multivariate analysis identified VM, N stage and Kiel-67
antigen (Ki-67) index as independent prognostic factors. A
prediction model incorporating these variables demonstrated
a robust performance, with a concordance index of 0.876
and a time-dependent area under the curve of 0.923, thereby
providing strong support for individualized risk stratification
and prognostic assessment in breast cancer. VM positivity,
advanced nodal stage and a high Ki-67 index were reported
to independently predict a reduced DFS following surgery. A
prognostic model integrating VM, N stage and Ki-67 index
exhibits high predictive accuracy and may serve as a valuable
tool in evaluating the risk of recurrence and metastasis in the
future.

Introduction

Breast cancer is the most common malignancy in women,
accounting for ~30% of all new cancer cases among women (1).
Epidemiological data indicated that since the early 2000s, its
incidence has been increasing at an average annual rate of
~0.6%, posing a major global health challenge for women (1,2).
Although advances in comprehensive treatment strategies
have markedly improved patient survival, recurrence and
metastasis remain notable obstacles in clinical management.
Therapeutic decisions in breast cancer are typically guided by
clinical stage, histological grade and hormone receptor status.
However, breast cancer is inherently heterogeneous (3); thus,
patients with identical staging and pathological features may
experience markedly divergent outcomes despite receiving the
same therapeutic regimen. The identification of reliable prog-
nostic biomarkers is therefore key to enabling personalized
and precise treatment.

Tumor angiogenesis is key to the growth, invasion
and metastasis of malignancies. In addition to endothelial
cell-driven angiogenesis, an alternative vascular-like structure
originating directly from tumor cells has been identified in the
tumor microenvironment, termed vasculogenic mimicry (VM).
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First described by Maniotis et al (4) in uveal melanoma, VM is
characterized by channels formed through the cooperation of
tumor cells and extracellular matrix, mimicking the functional
properties of blood vessels and providing nutrients through a
non-endothelium-dependent mechanism. Subsequent studies
have confirmed the presence of VM in an extensive spectrum
of malignancies, including breast (5) and urological cancer (6),
ovarian (7) and hepatocellular carcinoma (8).

VM not only contributes to neovascularization and
sustains tumor growth but also serves a pivotal role in tumor
cell migration during its formation (9). Therefore, VM is
implicated not only in proliferation but also in metastatic
dissemination. Multiple studies on breast cancer have demon-
strated that VM is associated with unfavorable prognosis:
Patients with VM* tumors tend to present with a large tumor
size, advanced stage and short disease-free survival (DFS) and
overall survival (5,10-12).

Further studies have revealed two principal aspects of the
VM-breast cancer relationship. First, VM is strongly associ-
ated with clinicopathological characteristics. VM is positively
associated with tumor size, lymph node metastasis and clinical
stage (13), but negatively associated with hormone receptor
expression, suggesting that VM* breast cancer cases often
represent more aggressive subtypes. Of note, VM occurs at a
markedly higher frequency in triple-negative breast cancer
(TNBC) compared with that in non-TNBC cases (14). In addition,
VM has been reported to be positively associated with human
epidermal growth factor receptor 2 (HER?2) upregulation (15),
reinforcing its association with poor prognosis. Secondly, VM is
closely associated with metastatic potential. Cancer stem cells
(CSCs) serve a key role in tumor invasion and dissemination,
and previous studies indicated that CSCs contribute to VM
formation (14,16), suggesting that CSCs may promote metastasis
through this mechanism. In a cohort of 331 surgically treated
patients with breast cancer, Shirakawa et al (17) reported that
VM cases were more prone to hematogenous metastasis and
exhibited markedly lower 5-year survival. Experimental models
further demonstrated that VM is strongly associated with distant
metastasis, particularly pulmonary spread (18).

Due to the central role of tumor vasculature in disease
progression, anti-angiogenic therapies targeting endothelial
cell-mediated angiogenesis have been developed to starve
tumors of nutrients. However, these agents often exhibit limited
efficacy or induce resistance. Previous research suggested that
VM may increase following anti-angiogenic therapy and may
represent a major mechanism of therapeutic resistance (5,19).
Beyond anti-angiogenic agents, resistance to targeted thera-
pies may also involve VM. For instance, HER2" breast cancer
exhibits distinct aggressive clinical behavior. The introduction
of HER2-targeted therapies has markedly improved patient
outcomes; trastuzumab reduces recurrence by up to 40%
within 10 years from surgery in early-stage breast cancer (20).
In metastatic HER2* disease, combining trastuzumab with
chemotherapy significantly prolongs the median time to
disease progression from 4.6 to 7.4 months (21). Nevertheless,
recurrence persists in 26% of early-stage HER2" patients
within 10 years despite trastuzumab and >70% of metastatic
HER2* tumors progress within 1 year under continuous
therapy (20). VM has been implicated in this resistance, as
trastuzumab-insensitive HER2* breast cancer cells have been

reported to generate VM structures within angiogenic micro-
environments (22).

Collectively, notable evidence supports a strong asso-
ciation between VM and adverse outcomes in breast cancer.
Elucidating the relationship between VM and clinicopatho-
logical features, and integrating VM with other independent
prognostic factors, may improve the accuracy of predictive
models. Such models could refine postoperative risk stratifi-
cation, enhance prognostic evaluation and ultimately inform
individualized therapeutic strategies.

Based on this rationale, the present study hypothesized that
VM was closely associated with an unfavorable prognosis in
breast cancer. The present study systematically analyzed VM
expression alongside clinicopathological parameters, explored
its prognostic significance and constructed a predictive model
combining VM with additional independent risk factors. The
aim of the present study was to more accurately predict the
risk of recurrence and metastasis following surgery, and to
potentially provide a foundation for personalized treatment
and clinical decision-making in the future.

Patients and methods

Clinical data

Study population. Patients who underwent surgery for breast
cancer at the Department of Breast Surgery, Affiliated
Hospital of Guangdong Medical University (Zhanjiang,
China), between January 2020 and April 2022, and met the
below inclusion criteria, were included in the present study.
All patients had received standardized surgical treatment and
postoperative paraffin-embedded pathological specimens
were available. The mean age of the overall study cohort was
49.949.2 years (range, 31-73 years). The inclusion criteria
were as follows: i) Female patients newly diagnosed with
invasive breast carcinoma who underwent surgical resection;
ii) complete clinical and follow-up data available; iii) no
history of neoadjuvant chemotherapy, radiotherapy or endo-
crine therapy prior to surgery; iv) absence of other concurrent
malignancies and no prior history of cancer; v) availability
of intact paraffin-embedded pathological specimens suitable
for histopathological analysis; and vi) receipt of standardized
adjuvant therapy following surgery.

The exclusion criteria were as follows: i) History of other
malignant tumors; ii) bilateral breast cancer or carcinoma
in situ; iii) male breast cancer; iv) distant metastasis at diag-
nosis or lack of standardized adjuvant therapy; and v) poorly
preserved postoperative specimens unsuitable for pathological
assessment.

The histopathological analysis of breast cancer tissue
sections, as well as the use of clinical data in the present study,
were approved by the Ethics Committee of the Affiliated
Hospital of Guangdong Medical University (approval
no. PJKT2025-067; Zhanjiang, China).

Observational parameters. Clinical and pathological
data, including age, body mass index (BMI), menstrual status
(premenopausal or postmenopausal), tumor location (upper
outer, lower outer, upper inner or lower inner quadrant), T
stage (T1-T4), N stage (NO, N1-N2 or N3), overall tumor
stage (I-III) (23), histological grade (G1-G3) (24), estrogen
receptor (ER) status, progesterone receptor (PR) status,
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Reagent Source cat. no. Dilution/concentration
CD34 antibody Wuhan Servicebio Technology Co., Ltd. GB11169 1:200
Horseradish peroxidase-conjugated Wuhan Servicebio Technology Co., Ltd. GB23303 1:200

goat anti-rabbit IgG

Periodic acid-Schiff staining kit Beyotime Institute of Biotechnology C0142 Ready-to-use

CD34, cluster of differentiation 34; IgG, immunoglobulin G.

HER?2 expression (negative or positive), Kiel-67 antigen
(Ki-67) index, breast surgical approach (breast-conserving
surgery or mastectomy) and axillary surgery type (sentinel
lymph node biopsy or axillary lymph node dissection), were
collected. Laboratory indices included carbohydrate antigen
15-3 (CA153), carcinoembryonic antigen (CEA), serum total
cholesterol, triglycerides, uric acid, alkaline phosphatase,
lactate dehydrogenase and albumin-to-globulin ratio.
Postoperative follow-up data were obtained through inpa-
tient records, outpatient visits and telephone consultations. The
primary endpoint was DFS, defined as the time from comple-
tion of surgery to the first occurrence of tumor recurrence,
distant metastasis or mortality from any cause. For patients
without events, follow-up was censored at the last contact, with
the cut-off date set at March 2025. Local recurrence or metas-
tasis was confirmed through enhanced computed tomography
(CT), positron emission tomography-CT, biopsy or surgical
pathology, bone scintigraphy or magnetic resonance imaging.

Methods
Primary reagents. The primary reagents used in the present
study are summarized in Table I.

Immunohistochemical and histochemical double
staining for VM. Breast cancer tissues were fixed in 10%
neutral-buffered formalin at room temperature for 24-48 h,
and then paraffin-embedded. Tissues were obtained from the
Department of Pathology, Affiliated Hospital of Guangdong
Medical University (Zhanjiang, China). Sections (5 ym thick)
were prepared using a Leica 2155 rotary microtome (Leica
Microsystems GmbH) and baked at 60°C for 1 h prior to
staining. VM was identified using CD34 immunohistochem-
istry combined with periodic acid-Schiff (PAS) histochemistry,
according to the following procedure: i) Deparaffinization and
rehydration: Sections were sequentially immersed in xylene
I/II (10 min each), followed by a graded ethanol series (100, 95,
80 and 70%) and rinsed in distilled water; ii) antigen retrieval:
Slides were heated to ~95-100°C in citrate buffer (pH, 6.0)
using a microwave oven (8 min at medium power, 8 min pause,
then 7 min at medium-low power), cooled to room tempera-
ture and washed three times with PBS (pH, 7.4); iii) blocking
of endogenous peroxidase: Sections were incubated in 3%
hydrogen peroxide for 25 min at room temperature in the
dark, followed by PBS washing; iv) serum blocking: Tissues
were covered with 3% bovine serum albumin and incubated
for 30 min at room temperature; v) primary antibody incuba-
tion: CD34 antibody (cat. no. GB11169; dilution 1:200; Wuhan

Servicebio Technology Co., Ltd.) diluted in blocking buffer
was applied and slides were incubated overnight at 4°C in a
humid chamber; vi) secondary antibody incubation: Following
PBS washing, slides were incubated with HRP-conjugated
goat anti-rabbit IgG (cat. no. GB23303; dilution 1:200;
Wuhan Servicebio Technology Co., Ltd.) for 50 min at room
temperature; vii) diaminobenzidine (DAB) chromogenic
detection: Visualization was achieved with freshly prepared
DAB solution. The reaction was monitored microscopically
and terminated by rinsing with tap water. Positive staining
appeared as brown deposits; viii) PAS staining: Following
CD34 staining, slides were treated with periodic acid for
10 min, rinsed and incubated with Schiff's reagent for 30 min
at 37°C in the dark. Counterstaining was performed with
hematoxylin for 30 sec at room temperature; and ix) mounting:
Sections were dehydrated through a graded ethanol series,
cleared in xylene and mounted with neutral balsam for evalua-
tion under a light microscope.

The criteria to identify VM* and VM" cases were
pre-defined. For each case, five representative tumor fields
were examined under a high magnification (x200) following
CD34/PAS double staining. A VM* case was defined as the
presence of PAS*, CD34" patterned networks or vessel-like
structures containing red blood cells, distinct from CD34*
endothelial-lined vessels (4). To minimize subjective bias,
two experienced pathologists independently assessed all
sections in a blinded manner. Discordant cases were resolved
by consensus review. Representative images of the stained
sections were captured under light microscopy.

Statistical analysis. All analyses were conducted using R soft-
ware (version 4.2.1; R Foundation for Statistical Computing;
https://www.R-project.org/). All immunohistochemical
staining experiments were independently repeated three times
to ensure reproducibility. Patients were categorized into VM*
and VM’ groups. Continuous variables were expressed as the
mean + SD if normally distributed or as median with interquar-
tile range if non-normally distributed; categorical variables
were reported as counts and percentages. Group comparisons
were performed using an unpaired Student's t-test or Wilcoxon
rank-sum test for continuous variables and > test or Fisher's
exact test for categorical variables. P<0.05 was considered to
indicate a statistically significant difference.

Univariate Cox proportional hazards regression was used
to identify variables associated with DFS. Significant variables
(P<0.05) were entered into a multivariate Cox regression model
with forward stepwise selection used to determine independent
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Figure 1. Pathological examination. All images were obtained using cluster of differentiation 34/periodic acid-Schiff immunohistochemical and histochemical
double staining. VM is indicated by red arrows and normal blood vessels are indicated by black arrows. (A) Single VM channel with an adjacent normal blood
vessel (magnification, x120). (B) Representative VM structure and adjacent endothelial-lined vessel (magnification, x110). (C) Multiple VM channels with
normal blood vessels in the same field. (D) Clustered VM channels in tumor tissue (magnification, x75; scale bar, 50 ym). VM, vasculogenic mimicry.

prognostic factors. A nomogram was constructed based on the
multivariate model using the ‘rms’ package (version 6.7-1; Frank
E. Harrell Jr; https:/CRAN.R-project.org/package=rms). The
prognostic risk score was computed using the ‘Predict()’ func-
tion in R software, with the following formula: Risk score=exp
(2.289 x VM + 1.491 x N stage + 0.057 x Ki-67 index). Internal
validation was performed via bootstrap resampling, with a
sample size of 40 per iteration and 800 repetitions. Model
performance was assessed using the concordance index
(C-index), time-dependent receiver operating characteristic
(ROC) curves (using ‘timeROC’ package, version 0.4, Paul
Blanche, https://CRAN.R-project.org/package=timeROC;
and ‘ggplot2’ package, version 3.4.4, Hadley Wickham,
https://CRAN.R-project.org/package=ggplot2) and calibra-
tion plots. Kaplan-Meier survival curves with log-rank tests
were used to compare DFS between risk groups defined by
independent prognostic factors and the composite risk score
derived from the multivariate model (using ‘survival’ and
‘survminer’ packages, version 0.4.9, Alboukadel Kassambara,
https://CRAN.R-project.org/package=survminer).

DFS was defined as the time from surgery to the first docu-
mented recurrence, metastasis or mortality from any cause.
Patients without events were censored at the last follow-up
date (March 2025).

Results

Histopathological findings. In accordance with the predefined
inclusion and exclusion criteria, a total of 120 patients with
breast cancer from between January 2020 and April 2022 with
complete clinical records were retrospectively identified from
the medical database of the Affiliated Hospital of Guangdong
Medical University. All surgical specimens had been routinely
formalin-fixed and paraffin-embedded in the Department of
Pathology.

Dual CD34/PAS immunohistochemical and histochemical
staining was performed on the paraffin sections. VM was
detected in 29 cases, defined as PAS* and CD34" channels
(PAS*/CD34"), whereas 91 cases were classified as VM~
(PAS*/CD34") (Fig. 1).

Baseline characteristics and clinicopathological associates of
VM. A total of 120 patients were included in the present study.
Clinical information was extracted from initial surgical admission
records. Laboratory indices, except for CA153 and CEA (measured
within 1 week following standardized postoperative therapy) were
obtained within 1 week prior to surgery. Pathological parameters
were derived from postoperative histopathological assessments
conducted in the Department of Pathology, Affiliated Hospital of
Guangdong Medical University.

Of the 120 patients, 29 (24.17%) were VM* and 91 (75.83%)
were VM. Patients were stratified into VM* and VM cohorts
accordingly. The detailed demographic and clinicopatho-
logical characteristics of the cohort are summarized in Table II.
Comparative analyses revealed significant intergroup differ-
ences in T, N and TNM stages and serum total cholesterol (all
P<0.05), whereas no significant associations were observed for
other variables. The median Ki-67 index among the entire study
cohort (n=120) was 32% (interquartile range, 18-45%), while
the median values for the VM- and VM+ subgroups were 30%
(20-50%) and 40% (20-50%), respectively.

Univariate Cox proportional hazards regression analysis of
DFS in patients with breast cancer. All patients were followed
for a period ranging from 7 to 61 months, with a median
follow-up of 43 months. During this period, 10 patients experi-
enced recurrence or metastasis, whereas 110 patients remained
disease-free. DFS was defined as the dependent variable, while
baseline characteristics, peripheral blood biomarkers, patho-
logical and clinical features, as well as the presence of VM,
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Table II. Comparison of the clinicopathological features of patients with breast cancer according to VM status.

Characteristics Reference range Total no. of patients VM- VM* P-value
Patients - 120 (100) 91 (75.8) 29 (24.2) -
Age, years - 120 49.0+9.32 52.76+8.52 0.056*
BMI, kg/m? - 120 23.27+3.40 23.82+2.95 0.436*
Menstrual status 0.113°
Premenopausal - 69 56 (46.7) 13 (10.8)
Postmenopausal - 51 35(29.2) 16 (13.3)
Tumor location 0.667°
Upper outer quadrant - 80 63 (52.5) 17 (14.2)
Lower outer quadrant - 12 9(7.5) 3(2.5)
Upper inner quadrant - 22 15 (12.5) 7(5.8)
Lower inner quadrant - 6 4(3.3) 2(1.7)
T stage 0.030°¢
T1 - 37 32 (26.7) 514.2)
T2 - 77 56 (46.6) 21(17.5)
T3 - 4 1(0.8) 3(25)
T4 - 2 2(1.7) 0 (0.0)
N stage 0.022°4
NO-N1 - 101 81 (67.5) 20 (16.7)
N2-N3 - 19 10 (8.3) 9(7.5)
TNM stage 0.006°¢
Stage | - 28 25 (20.8) 3(25)
Stage 11 - 70 55 (45.8) 15 (12.5)
Stage 111 - 22 11 (9.2) 11 .(9.2)
Histological grade 0.055°
GI1-G2 - 60 50 (41.7) 10 (8.3)
G3 - 60 41 (34.2) 19 (15.8)
ER, % - 120 70 (0-90) 0 (0-90) 0.325¢
PR, % - 120 10 (0-70) 0 (0-60) 0.194¢
HER?2 expression 0.956°
Negative - 75 57 (47.5) 18 (15.0)
Positive - 45 34 (28.3) 11 (9.2)
Ki-67 index, % - 120 30 (20-50) 40 (20-50) 0.513¢
Type of breast surgery 0.580°
Breast-conserving surgery - 65 48 (40.0) 17 (14.2)
Mastectomy - 55 43 (35.8) 12 (10.0)
Type of axillary surgery 0.107°
Sentinel lymph node biopsy - 57 47 (39.2) 10 (8.3)
Axillary lymph node dissection - 63 44 (36.7) 19 (15.8)
CA153,U/ml <250 120 13.19 (8.63-1891) 1591 (11.31-19.62) 0.098°
CEA, U/ml <50 120 1.50 (0.94-2.29) 1.65 (0.98-2.74) 0.684¢
Total cholesterol, mmol/l 3.1-57 120 5.33 (4.50-5.89) 5.99 (5.13-6.67) 0.015°
Triglycerides, mmol/l 04-20 120 1.09 (0.78-1.61) 1.24 (0.83-1.71) 0.552¢
Uric acid, gmol/l 155.0-357.0 120 290.6 (247.2-357.1) 2794 (219.0-325.9) 0.247¢
Alkaline phosphatase, U/l 31.0-1150 120 69.9 (58.2-85.8) 76.1 (61.9-99.7) 0.125¢
Lactate dehydrogenase, U/l 109.0-245.0 120 177.9 (166.7-206.9) 179.8 (164.3-196.0) 0.949°
Albumin-to-globulin ratio 1.5-25 120 1.642 (1.487-1.786) 1.667 (1.525-1.766) 0.907¢

“Unpaired Student's t-test, "y test, “Fisher's exact test, ‘P<0.05 and “Wilcoxon rank-sum test. Values are expressed as n (%) the mean + stan-
dard deviation or median (interquartile range). VM, vasculogenic mimicry; BMI, body mass index; ER, estrogen receptor; PR, progesterone
receptor; IQR, interquartile range; HER2, human epidermal growth factor receptor 2; CEA, carcinoembryonic antigen; CA153, carbohydrate
antigen 15-3; Ki-67, Kiel-67 antigen.
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Table III. Univariate Cox proportional hazards regression analysis of disease-free survival in patients with breast cancer.

Variable No. of patients HR (95% CI) P-value
VM

Negative 91 Reference -

Positive 29 7.813 (2.016-30.270) 0.003
Age, years 120 1.008 (0.943-1.078) 0.809
BMI, kg/m? 120 1.032 (0.858-1.242) 0.738
Menstrual status

Premenopausal 69 Reference -

Postmenopausal 51 3.359 (0.868-13.002) 0.079
Tumor location

Upper outer quadrant 80 Reference -

Lower outer quadrant 12 5.137 (1.149-22.963) 0.032

Upper inner quadrant 22 1.731 (0.316-9.473) 0.527

Lower inner quadrant 6 3.708 (0.414-33.200) 0.241
T stage

Tl 37 Reference -

T2 77 2.058 (0.436-9.718) 0.362

T3 4 0.000 (0.000-Inf) 0.998

T4 2 0.000 (0.000-Inf) 0.999
N stage

NO-N1 101 Reference -

N2-N3 19 5.775 (1.670-19.969) 0.006
TNM stage

I 28 Reference -

I 70 1.658 (0.185-14.845) 0.651

I 22 7.002 (0.817-60.010) 0.076
Histological grade

GI1-G2 60 Reference -

G3 60 10.482 (1.323-83.029) 0.026
ER 120 0.981 (0.963-0.999) 0.043
PR 120 0.978 (0.952-1.006) 0.117
HER?2 expression

Negative 75 Reference -

Positive 45 0.716 (0.185-2.773) 0.628
Ki-67 index 120 1.046 (1.018-1.075) 0.001
Surgical approach

Breast-conserving surgery 65 Reference -

Mastectomy 55 0.585 (0.164-2.091) 0.410
Axillary surgery

Sentinel lymph node biopsy 57 Reference -

Axillary lymph node dissection 63 1.304 (0.367-4.629) 0.681
CA15-3,U/ml 120 0.986 (0.908-1.070) 0.731
CEA, U/ml 120 0.707 (0.377-1.326) 0.279
Total cholesterol, mmol/I 120 1.096 (0.640-1.878) 0.737
Triglycerides, mmol/l 120 0.716 (0.273-1.876) 0.496
Uric acid, gmol/l 120 0.998 (0.991-1.006) 0.687
Alkaline phosphatase, U/l 120 1.009 (0.982-1.036) 0.515
Lactate dehydrogenase, U/l 120 1.004 (0.992-1.016) 0.529
Albumin/globulin ratio 120 1.048 (0.122-8.971) 0.966

CEA, carcinoembryonic antigen; CA153, carbohydrate antigen 15-3; Ki-67, Kiel-67 antigen; VM, vasculogenic mimicry; BMI, body mass index;
ER, estrogen receptor; PR, progesterone receptor; HR, hazard ratio; CI, confidence interval; HER2, human epidermal growth factor receptor 2.
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Table I'V. Multivariate Cox proportional hazards regression analysis of disease-free survival in patients with breast cancer (n=120).

Variables HR (95% CI) P-value
VM (positive vs. negative) 9.824 (2.079-46 .413) 0.004
N stage (N2-N3 vs. NO-N1) 4.358 (1.136-16.722) 0.032
ER 1.008 (0.985-1.032) 0.479
Ki-67 index 1.059 (1.015-1.105) 0.008
Histological grade (G3 vs. G1-G2) 3.270 (0.309-34.577) 0.325

HR, hazard ratio; CI, confidence interval; VM, vasculogenic mimicry; ER, estrogen receptor; Ki-67, Kiel-67 antigen.
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Figure 2. Nomogram of the prognostic prediction model for breast cancer.
VM, vasculogenic mimicry; Ki-67, Kiel 67 antigen; DFS, disease-free
survival.

were included as independent variables in a univariate Cox
proportional hazards regression model.

The analysis revealed that DFS was significantly associ-
ated with VM status [hazard ratio (HR)=7.813; 95% CI,
2.016-30.270; P=0.003], nodal stage (HR=5.775; 95% CI,
1.670-19.969; P=0.006), ER expression (HR=0.981; 95% CI,
0.963-0.999; P=0.043), Ki-67 index (HR=1.046; 95% ClI,
1.018-1.075; P=0.001) and histological grade (HR=10.482; 95%
CI, 1.323-83.029; P=0.026). Patients with a high Ki-67 index
(=30%) demonstrated a significantly shorter DFS compared
with those with a lower Ki-67 index (P<0.001; Table III).

In combination, these findings indicated that VM, nodal stage,
ER expression, Ki-67 index and histological grade are indepen-
dent determinants of DFS in breast cancer. Among these, ER
expression acted as a protective factor, whereas VM, advanced
nodal stage, elevated Ki-67 index and higher histological grade
were identified as adverse prognostic factors (Table III).

Multivariate Cox proportional hazards regression analysis of
DFS in patients with breast cancer. As presented in Table 1V,
five variables with statistical significance in univariate
analysis were included in the multivariate Cox regression
model. The results demonstrated that VM (HR=9.824;
95% C1=2.079-46.413; P=0.004), N stage (HR=4.358; 95%
CI=1.136-16.722; P=0.032) and Ki-67 index (HR=1.059; 95%
CI=1.015-1.105; P=0.008) were identified as independent risk
factors for DFS. By contrast, ER (P=0.479) and histological
grade (P=0.325) were not statistically significant.
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Figure 3. Time-dependent receiver operating characteristic curves for the
multivariate Cox proportional hazards regression model predictions and
independent risk factors. VM, vasculogenic mimicry; Ki-67, Kiel 67 antigen;
AUC, area under the curve; TPR, true-positive rate; FPR, false-positive rate.

Construction and evaluation of the predictive model.
Nomogram for the prognostic model. Based on the results of
the multivariate Cox proportional hazards regression analysis,
three independent prognostic risk factors, VM, N stage and the
Ki-67 index, were ultimately incorporated into the predictive
model.

In the present model, continuous variables were entered at
their original values, while categorical variables were coded
as follows: VM, negative=0 and positive=1; N stage, NO-N1=1
and N2-N3=2.

Subsequently, a prognostic nomogram was constructed to
estimate the 3-year DFS of patients with breast cancer. Each
covariate was assigned a point value by projecting upward to
the corresponding scale. The individual scores of all variables
were then summed to generate a total score, which was further
mapped onto the probability scale at the bottom of the nomo-
gram to yield the predicted 3-year DFS. A higher total score
corresponded to a worse prognosis.

An investigation of the nomogram revealed that the Ki-67
index contributed the greatest weight to the model, followed
by VM and N stage providing the smallest contribution
(Fig. 2).


https://www.spandidos-publications.com/10.3892/ol.2026.15600

8 WU et al: VM AS A PROGNOSTIC DETERMINANT IN BREAST CANCER

1.00 1

0.95 A1

0.90

0.85

0.80 A

Actual probability of 3-year DFS

0.75 1

0.70 1

I | ] ! LRI

— 3-year
Ideal line

T T
0.80 0.85

] 1 1
0.90 0.95 1.00

Predicted probability of 3-year DFS

Figure 4. Calibration curve of the nomogram for predicting 3-year DFS in patients with breast cancer. X-axis denotes nomogram-predicted disease-free

survival rate and y-axis denotes the actual DFS rate. DFS, disease-free survival.

VM
A 1.00 1 W
2 0.75 1
=
[
Q
[<
S 0.50 4
]
b 0 = negative, 1 = positive
& 0.25 4
-0
0.00 4 Log-rank P <0.001 1
0 20 40 60
Time (months)
Ki-67
C 1.00 1 —_— e
2 0.75
=
©
Q
o
S 0.50 1
©
2
c
>
@ 0.25 T
— Low
Log-rank P =0.007 High
0.00 1, i , o
0 20 40 60

Time (months)

N stage
2 0.75 1
=
©
Q
o
a 0.50
E
2 1=NO+N1;2=N2+N3
@ 0.25 A
-1
Log-rank P =0.002
0.00 L T g T T 2 T
0 20 40 60
Time (months)
D Risk score
1.00 1 C e VIVITITPIPN
2 0.75 1
=
©
Qo
g ]
a 0.50
©
=
£
@ 0.25
- Low
Log-rank P =0.010 High
0.00 1, . . .
0 20 40 60

Time (months)

Figure 5. Kaplan-Meier survival analysis based on (A) VM status, (B) N stage, (C) Ki-67 index and (D) composite risk score derived from the multivariate Cox

model. VM, vasculogenic mimicry; Ki-67, Kiel 67 antigen.

Evaluation of the predictive model. The predictive perfor-
mance of the model was first assessed using the C-index
computed in R software, yielding a value of 0.876 (95% ClI,
0.816-0.936), indicative of notably enhanced discriminative
ability. Subsequently, time-dependent ROC curve analysis

was performed to compare the area under the curve (AUC)
for individual risk factors and for the multivariate Cox propor-
tional hazards model in predicting 3-year DFS. The results
demonstrated that the AUCs were 0.823 for VM, 0.649 for N
stage, 0.853 for the Ki-67 index and 0.923 for the multivariate
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Cox regression model. As demonstrated in Fig. 3, the predictive
accuracy of the multivariate model markedly outperformed
that of any single factor, with a sensitivity of 85.7% and a
specificity of 91.9% at the optimal cut-off value.

To further evaluate the prognostic reliability of the nomo-
gram, calibration analysis was conducted using the ‘rms’
package in R software. Internal validation was performed via
bootstrap resampling, with a sample size of 40 per iteration
and 800 repetitions. As presented in Fig. 4, the calibration
curve demonstrated close agreement between predicted and
observed 3-year DFS probabilities, confirming the robust
calibration and stability of the model.

Survival analysis. Survival analysis was performed for each
independent prognostic factor, as well as for the integrated
predictive model. Kaplan-Meier survival curves demonstrated
that patients with VM* tumors exhibited significantly lower
DFS compared with those patients with VM tumors (log-rank
test; P<0.001). Similarly, patients with advanced N stage
exhibited a significantly reduced DFS compared with those
patients in the lower N stage group (log-rank test; P=0.002).
A higher Ki-67 index (above the median) was also associated
with a significantly worse DFS compared with a lower Ki-67
index (log-rank test; P=0.007). Furthermore, patients strati-
fied into the high-risk group based on the risk score derived
from the multivariate Cox regression model had a significantly
worse DFS compared with those patients in the low-risk group
(log-rank test; P=0.010). Although nodal stage and Ki-67
index were individually associated with DFS, the composite
risk score demonstrated an improved discriminatory ability in
stratifying patients. For example, patients with high risk scores
exhibited a 3-year DFS of 58%, whereas those in the high N
stage group alone had a 3-year DFS of 67% and those with high
Ki-67 alone had a 3-year DFS of 62% (Fig. 5). These results
suggested that the integrated risk score captures combined
prognostic information beyond individual factors alone.

Collectively, these findings underscored that VM, N stage
and the Ki-67 index represent independent prognostic deter-
minants of postoperative DFS in breast cancer and that the risk
score derived from the multivariate Cox proportional hazards
model provides a robust tool in identifying patients at elevated
risk of recurrence.

Discussion

Over recent decades, multiple studies have elucidated
diverse risk factors associated with the prognosis of breast
cancer (1,25). With the advent of increasingly sophisticated
therapeutic strategies, the survival outcomes of patients have
markedly improved (1,26). Nevertheless, disease recurrence
and distant metastasis remain formidable clinical challenges,
continuing to pose notable burdens for both patients and clini-
cians. While previous studies have examined the association
between VM and poor prognosis in breast cancer (10,27,28),
to the best of our knowledge, the present study was among
the first to construct and internally validate a composite
prognostic model that integrates VM status with established
clinical parameters, including nodal stage and Ki-67 index.
The development of a quantitative risk score enables more
personalized risk stratification compared with analysis based
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solely on individual factors, offering a practical tool that
may potentially guide postoperative decision-making in the
future.

VM represents an alternative mechanism of tumor vascu-
larization, in which tumor cells themselves form vascular-like
channels independent of endothelial cells, thereby facilitating
nutrient supply analogous to conventional vasculature. VM has
been demonstrated to serve a key role in tumor growth, inva-
sion and metastasis. Despite the intricate molecular pathways
and signaling networks involved in its formation, both basic
and clinical studies have consistently associated VM with
adverse prognosis in patients with breast cancer (5,9,10,17). Of
note, therapeutic interventions, particularly anti-angiogenic
strategies, can inadvertently promote VM. By exacerbating
hypoxic conditions within the tumor microenvironment, such
treatments may stimulate VM formation and contribute to
therapeutic resistance (29). Therefore, VM not only augments
tumor aggressiveness but also undermines treatment efficacy,
underscoring its potential value as a prognostic biomarker
and a candidate variable in risk-prediction models for breast
cancer.

In the present study, the presence of VM in invasive
breast carcinoma was observed. A retrospective analysis of
120 patients with breast cancer was conducted in the present
study and demonstrated that VM formation was reported
to be associated with tumor stage, nodal involvement and
overall disease stage. Specifically, the prevalence of VM
positivity increased progressively with higher T and N clas-
sifications, as well as advancing clinical stage, corroborating
its association with more aggressive disease phenotypes.
Of note, no VM positivity was detected in T4 cases, likely
attributable to limited sample size and the clinical tendency
to prioritize neoadjuvant therapy over surgery in this subset.
Furthermore, a significant association was identified between
VM positivity and elevated serum cholesterol levels, a
relationship that remains underexplored in the current litera-
ture (30-33). Since the phosphoinositide 3-kinase/protein
kinase B (PI3K/AKT) signaling axis has been implicated
in VM formation through the regulation of matrix metallo-
proteinase-9 and epithelial-mesenchymal transition (32), and
that hypercholesterolemia has been reported to accelerate
breast cancer progression through PI3K/AKT activation in
murine models (33), it is plausible that elevated cholesterol
may indirectly promote VM. This finding warrants further
investigation with larger cohorts to substantiate the mecha-
nistic association between dyslipidemia and VM formation
in the future.

Hypercholesterolemia is often encountered in patients
undergoing endocrine therapy and has been implicated
in tumor progression through the modulation of cell
membrane dynamics and signaling pathways (32,34,35).
Whether dyslipidemia actively contributes to VM formation
remains to be elucidated; however, these findings suggested
that metabolic factors may be considered when interpreting
postoperative tumor behavior. Routine assessment of lipid
profiles may help identify patients at risk for aggressive
features such as VM, warranting more comprehensive
follow-up.

Consistent with previous studies (5,36), VM* patients in the
present study cohort exhibited a trend toward higher histological
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grade and reduced ER/PR expression, although these associa-
tions did not reach statistical significance, likely due to a limited
sample size. Collectively, these findings strengthened the
evidence that VM is a surrogate marker of tumor aggressiveness
and an adverse prognostic determinant in breast cancer.

Univariate Cox regression analysis incorporating clinical,
pathological and laboratory variables identified VM, nodal
stage, Ki-67 index, ER status and histological grade as signifi-
cant prognostic factors. Among these, VM, N stage and Ki-67
were confirmed as independent risk factors for reduced DFS
in multivariate Cox regression models, whereas ER expres-
sion emerged as a protective factor. This finding aligns with
existing literature highlighting these variables as prognosti-
cally relevant (37,38). Of note, tumor size (represented by T
stage) and age, well-established predictors in meta-analyses of
breast cancer prognostic models (39), did not reach statistical
significance in the present study, likely reflecting the relatively
small and demographically homogeneous cohort, as well as
the biological heterogeneity of molecular subtypes that may
confound conventional clinicopathological indicators.

Based on the multivariate Cox regression analysis, a
prognostic model incorporating VM, N stage and Ki-67 index
was constructed. This model demonstrated notably enhanced
predictive performance, with a C-index of 0.876 and an AUC
of 0.923, outperforming any individual factor. Calibration
analysis confirmed a close agreement between predicted and
observed outcomes, further supporting the robustness of the
model. Kaplan-Meier analysis revealed a significantly worse
DFS among VM" patients, patients with higher N stage and
patients with elevated Ki-67 indices, in line with previous
studies (40-42). Of note, the risk score derived from the
present study model effectively stratified patients into high-
and low-risk groups with distinct survival outcomes, thereby
underscoring its clinical applicability.

Despite the established prognostic value of nodal metastasis
and elevated Ki-67 index, the integrated risk score developed in
the present study provided additional stratification by combining
microanatomical features of tumor biology (namely, VM) with
conventional clinical variables. By accounting for multiple
determinants, this composite risk score may further identify
patients at the highest risk of recurrence, potentially informing
intensified surveillance or therapeutic strategies in the future.

It is key to recognize that the present study model currently
lacks external validation and may be subject to overfitting due
to internal training on a single cohort. Prospective validation
in independent datasets is warranted to confirm predictive
performance and generalizability.

In clinical practice, a high-risk classification may prompt
consideration of more aggressive adjuvant therapy. While stan-
dardized guidelines for additional chemotherapy based on VM
status are not yet established, patients with high composite risk
scores could be candidates for multidisciplinary review, closer
follow-up or enrollment in clinical trials evaluating adjuvant
systemic treatments tailored by molecular and microarchitec-
tural risk factors.

In conclusion, VM is significantly associated with adverse
clinicopathological characteristics in breast cancer, including
higher T and N stage, advanced tumor stage and elevated
serum cholesterol levels. VM constitutes an independent
adverse prognostic factor for breast cancer. N stage and Ki-67

index are independent predictors of recurrence and survival
following surgery. A prognostic model integrating VM, N
stage and Ki-67 index demonstrated high predictive accuracy
and effectively stratified patients according to DFS risk.
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