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A B S T R A C T

Objectives: To explore the feasibility of preoperative prediction of vascular invasion (VI) in breast cancer patients
using nomogram based on multiparametric MRI and pathological reports.
Methods: We retrospectively collected 200 patients with confirmed breast cancer between January 2016 and
January 2018. All patients underwent MRI examinations before the surgery. VI was identified by postoperative
pathology. The 200 patients were randomly divided into training (n=100) and validation datasets (n= 100) at
a ratio of 1:1. Least absolute shrinkage and selection operator (LASSO) regression was used to select predictors
most associated with VI of breast cancer. A nomogram was constructed to calculate the area under the curve
(AUC) of receiver operating characteristics, sensitivity, specificity, accuracy, positive prediction value (PPV) and
negative prediction value (NPV). We bootstrapped the data for 2000 times without setting the random seed to
obtain corrected results.
Results: VI was observed in 79 patients (39.5%). LASSO selected 10 predictors associated with VI. In the training
dataset, the AUC for nomogram was 0.94 (95% confidence interval [CI]: 0.89–0.99, the sensitivity was 78.9%
(95%CI: 72.4%–89.1%), the specificity was 95.3% (95%CI: 89.1%–100.0%), the accuracy was 86.0% (95%CI:
82.0%–92.0%), the PPV was 95.7% (95%CI: 90.0%–100.0%), and the NPV was 77.4% (95%CI: 67.8%–87.0%).
In the validation dataset, the AUC for nomogram was 0.89 (95%CI: 0.83–0.95), the sensitivity was 70.3%
(95%CI: 60.7%–79.2%), the specificity was 88.9% (95%CI: 80.0%–97.1%), the accuracy was 77.0% (95%CI:
70.0%–83.0%), the PPV was 91.8% (95%CI: 85.3%–98.0%), and the NPV was 62.7% (95%CI: 51.7%–74.0%).
The nomogram calibration curve shows good agreement between the predicted probability and the actual
probability.
Conclusion: The proposed nomogram could be used to predict VI in breast cancer patients, which was helpful for
clinical decision-making.

1. Introduction

Breast cancer is one of the most common malignant tumors among
women world widely. A correct identification of poor prognostic factors
for breast cancer may help guiding more aggressive adjuvant treatment
protocols [1]. Identification of simple and measurable prognostic

factors is an important issue in clinical decision-making of breast cancer
[2]. Ideal prognostic factors would be capable of predicting the short
survival in some patients [3]. The major cause of short survival in
breast cancer is dispersion of malignant cells from the primary location
leading to formation of metastases [4].

One of the important steps in metastasis is the invasion of vascular
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spaces (lymphatic and/or blood vessel) by tumoral cells, i.e. tumor cells
spreading through the lymphatic or blood vascular networks [5].
Peritumoral vascular invasion (VI) is considered to be an early step in
the metastatic process and a key hallmark of aggressiveness tumors,
therefore is very important for the progress of malignant tumors [6].
When examined on tissue sections as a morphologic marker, the pre-
sence of VI is a strong prognostic factor in many tumors, such as co-
lonic, bladder and cervical carcinomas [7–9]. It has also been shown
that VI is positively correlated with regional lymph node metastasis and
a greater recurrence rate in such cancers [10,11]. A study also showed
the presence of VI could be considered as an indicator of high biological
aggressiveness, which may be a strong prognostic factor in breast
cancer [2]. Accurate identification of VI in breast cancer patients is
crucial for prognosis and treatment strategy decisions. However, VI is
only available postoperatively. Preoperative knowledge of VI can pro-
vide valuable information for determining the need for adjuvant
therapy, thus aiding in clinical decision making. Therefore, from a
clinical point of view, predicting VI in breast cancer before surgery
would benefit further management of patients, which is valuable and
urgently needed.

To predict VI in breast cancer, potential factors associated with VI in
various aspects should be taken into consideration. Anatomical MRI can
provide morphological information of breast tumor (e.g., size, margins,
and location) and axillar lymph nodes. Diffusion-weighted imaging
(DWI) in a fast time acquisition and without contrast medium gives
information about cellularity of breast cancer [12]. Perfusion can give
additional information as regards vascularization of breast cancer [13].
In addition, clinical parameters such as estrogen receptor (ER), pro-
gesterone receptor (PR), human epidermal growth factor receptor
(HER2), and Ki-67 proliferation could provide an insight into the
functional activity of receptors and tumor proliferation.

Therefore, the present study aims to individually predict VI in breast
cancer and develop a quantitative model for the assessment of VI based
on clinical, multiparametric MRI and pathologic parameters before
treatment, which will facilitate clinical decision-making of breast
cancer.

2. Materials and methods

2.1. Basic characteristics of patients

This present study was approved by the Ethics Committee of our
hospital, and the patient's informed consent was waived. We retro-
spectively investigated the cases of 200 consecutive patients with single
primary breast cancer admitted to our department from January 2016
to January 2018. All patients underwent a 1.5 T MRI examination be-
fore 16 G or 18 G needle core biopsy and surgery. Patients with pre-
viously-diagnosed breast cancer or incomplete clinical information
were excluded, and male patients were excluded as well. None of the
patients had received preoperative chemotherapy. In this study, we
defined VI as the presence of tumor cells in the peritumoral vascular
channels based on postoperative pathology. VI was recorded as being
present or absent. Clinical information was collected including age, ER,
PR, HER2, Ki-67 labeling index and histological type [e.g., invasive
ductal carcinoma (IDC) (histological grade 1), IDC (histological grade
2), IDC (histological grade 3), ductal carcinoma in situ and neu-
roendocrine carcinoma]. ER, PR, HER2, Ki-67-labeling index and his-
tological type were confirmed by needle core biopsy. MR imaging
features included breast density (fatty, dense or mixed), location
(upper-outer quadrant, upper-inner quadrant, lower-outer quadrant,
lower-inner quadrant, or central position), tumor size (maximum dia-
meter), margins (well- defined or ill- defined), lobulation sign (absence
or presence), spiculation sign (absence or presence), MRI- reported
axillary lymph node metastasis (ALNM) (absent, single or multiple),
contrast enhancement patterns (obvious enhancement or slight en-
hancement), DWI appearance (marked hyperintensity or slight

hyperintensity), time-intensity curve (TIC) patterns (type I, a straight or
curved line; type II, a sharp bend after the initial upslope with plateau
thereafter; type III, contrast washout was evident after an initial up-
slope). The MR imaging features were retrospectively reviewed by two
independent radiologists with more than 10 years of experience in
breast imaging, and who were blinded to the pathology reports.

2.2. MR image acquisition

The MR imaging was performed in the prone position using a
dedicated eight-channel double-breast coil with a 1.5 T system
(Achieva, Philips Medical Systems, Nederland B.V.). Bilateral whole-
breast MR imaging was performed using the following sequences and
parameters: axial T1-weighted Turbo Spin Echo (TSE) (TR/
TE=486ms/10ms, section thickness= 3mm, matrix= 200×189,
FOV=220×286mm). Axial T2-weighted spectrally selective atte-
nuated inversion recovery (SPAIR) (TR/TE=4132ms/120ms, section
thickness= 3mm, matrix= 312×288, FOV=250×301mm). Axial
DWI was obtained with gradient echo planar imaging (GRE-EPI) se-
quence (TR/TE=2896ms/66ms, section thickness= 3mm, ma-
trix= 120×75, FOV=365×231mm, b value= 0, 1000s/mm2).
Dynamic Contrast-Enhanced (DCE) Magnetic Resonance Imaging was
performed using the high resolution isotropic volume excitation (e-
THRIVE) (TR/TE=6.0ms/2.9ms, flip angle= 10°, matrix= 252×
243, FOV=350×256×150mm, voxel size= 1.4×1.05×1 mm3).
For DCE images, a bolus of 0.1 mmol kg–1 of gadodiamide (Omniscan,
GE Healthcare) was injected into the antecubital vein at a rate of 3mL/
s, followed by a 16mL saline flush. Dynamic axial MR images were
obtained once before and five times after the administration of contrast
agent at 50 s intervals. For analysis of enhancement kinetics, TICs were
plotted based on the signal intensity values obtained in the regions of
interest (ROI) on serial dynamic images.

2.3. Pathologic assessment

Immunohistochemical staining was performed using streptavidin-
peroxidase. The pathological report from the initial breast biopsy was
used to record the ER, PR, HER2 status, Ki-67-labeling index and his-
tological type of each breast cancer. Samples were scored as positive for
ER or PR by immunohistochemistry when at least 1% of the tumor cell
nuclei showed staining for ER or PR, respectively [14]. When mem-
brane staining is observed in> 10% of tumor cells, HER2 is positive,
and if less than 10% membrane staining is observed then HER2 is ne-
gative [15]. The Ki-67-labeling index is defined as the percentage of
positively stained tumor cells among the total number of malignant
cells assessed [16]. Histological types were recorded, including but not
limit to IDC (histological grades 1–3), ductal carcinoma in situ, and
neuroendocrine carcinoma.

2.4. Clinical, pathologic and radiological feature selection

We used the least absolute shrinkage and selection operator
(LASSO) logistic regression to select the most significant features from
the training dataset. LASSO-penalty is a popular variable selection
method that used in many previous studies [17–19]. The LASSO-pen-
alty estimate is defined by
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We can re-parametrize the constant by standardizing the predictors;
the solution for ˆ

0 is ȳ, and thereafter we fit a model without an in-
tercept. In the signal processing literature, the lasso is also known as
basis pursuit.

We can also write the lasso problem in the equivalent Lagrangian
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constraint makes the solutions nonlinear in the yi, and there is no closed
form expression as in ridge regression. Computing the lasso solution is a
quadratic programming problem, although we see that efficient algo-
rithms are available for computing the entire path of solutions as λ is
varied, with the same computational cost as for ridge regression.
Because of the nature of the constraint, making t sufficiently small will
cause most of the coefficients to be exactly zero, and the remaining non-
zero coefficients were selected by LASSO.

2.5. Development of an individualized prediction model

Nomograms are statistical models that are suited ideally to in-
dividualizing risk assessment [20]. To provide the clinicians with a
quantitative tool to diagnose the individual probability of VI, we built
the diagnostic nomogram using the independent predictors selected by
LASSO to generate a combined indicator for estimating the probability
of VI. The nomogram created in the training dataset was applied to the
internal and external validation dataset, and the total point for each
case were calculated. The nomogram was performed using the total
points as a factor. The nomogram plot provides a visible way to quickly
obtain the individual prediction risk for the potential patient.

2.6. Apparent performance of the nomogram in the training dataset and
validation dataset

Calibration curves were plotted to assess the calibration of the
predictive nomogram [21]. Calibration was assessed by plotting the
predicted versus the actual probability for quintiles of the predicted
probability of VI. The area under the curve (AUC) of receiver operating
characteristics (ROC), sensitivity, specificity, accuracy, positive pre-
diction value (PPV) and negative prediction value (NPV) were mea-
sured to quantify the discrimination of the nomogram.

The performance of the internally validated nomogram was tested
in the validation dataset. The logistic regression formula formed in the
training dataset was applied to all patients of the validation dataset,
with total points for each patient calculated. Logistic regression in this
dataset was then performed by using the total points as a factor. Finally,
the discrimination and calibration curve were derived on the basis of
the regression analysis.

2.7. Statistical analysis

Statistical analysis used R software (http://www.R-project.org). The
packages were listed as follows: The ‘glmnet’ package for lasso logistic
regression; the ‘rms’ package for nomogram and calibration curve. The
prediction performance of nomogram was assessed using the AUC,
sensitivity, specificity, accuracy, PPV and NPV. Comparison of clin-
icopathologic and radiological features between positive VI group and
negative VI group in training dataset and validation dataset using in-
dependent sample t-test or Mann-Whitney U test or Chi-square test. All
statistics are two-tailed, and p-value less than 0.05 are considered sta-
tistically significant.

3. Results

3.1. Patient characteristics

A total of 200 consecutive breast cancer patients were included,
with a mean age of 49.1 ± 11.3 years, ranging from 30 to 78 years.

Table 1
Comparison of clinicopathologic and radiological features between patients
with VI and without VI in training dataset and validation dataset.

Parameters No. of patients
with VI
(n= 79)

No. of patients
without VI
(n= 121)

P value*

Age 48.9± 12.5 49.4± 10.5 0.781
Breast density
Dense (n = 41) 20 (25.3) 21 (17.4) < 0.001
Fatty (n = 108)

Iirregular (n = 647)
40 (50.6) 68 (56.2)

Mixed (n = 51) 19 (24.1) 32 (26.4)

Tumor location
Upper-outer quadrant
(n = 103)

37 (46.8) 66 (54.5) 0.044

Lower-outer quadrant
(n = 26)

11 (13.9) 15 (12.4)

Upper-inner quadrant
(n = 43)

13 (16.5) 30 (24.8)

Lower-inner quadrant
(n = 9)
quadrant (n = 31)

5 (6.3) 4 (3.3)

Central position (n = 19) 13 (16.5) 6 (5.0)
Tumor size (maximum

diameter, mm)
35.5± 17.8 29.1± 13.0 0.007

Margins
Well-defined (n = 59) 1 (1.3) 58 (47.9) < 0.001
Ill-defined (n = 141) 78 (98.7) 63 (52.1)

Lobulation sign)
Hyperechogenicity (n = 61
Absence (n = 107) 22 (27.8) 85 (70.2) < 0.001
Presence (n = 93) 57 (72.2) 36 (29.8)

Spiculation sign
Absence (n = 102) 30 (38.0) 49 (40.5) 0.721
Presence (n = 98) 49 (62.0) 72 (59.5)

ALNM
Absent (n = 48) 17 (21.5) 31 (25.6) < 0.001
Single (n = 88) 18 (22.8) 70 (57.9)
Multiple (n = 64) 44 (55.7) 20 (16.5)

Contrast enhancement pattern
patterns

Obvious enhancement
(n = 181)

78 (98.7) 103 (85.1) 0.001

Slight enhancement
(n = 19)

1 (1.3) 18 (14.9)

DWI appearance
Slight hyperintensity
(n = 53)

6 (7.6) 48 (39.7) < 0.001

Marked hyperintensity
(n = 146)

73 (92.4) 73 (60.3)

TIC pattern
Type I (n = 15) 0 15 (12.4) < 0.001
Type II (n = 68) 55 (69.6) 13 (10.7)
Type III (n = 117) 24 (30.4) 93 (76.9)

ER 55.6± 39.7 55.9± 40.9 0.960
PR 30.4± 36.8 29.5± 37.9 0.866
HER2 1.96± 0.79 1.83± 0.92 0.270
Ki-67 labeling index

index
34.3± 24.8 34.1± 25.7 0.968

Histological type
IDC (grade 1) (n = 37) 5 (6.3) 32 (26.4) < 0.001
IDC (grade 2) (n = 79) 39 (49.4) 40 (33.1)
IDC (grade 3) (n = 71) 35 (44.3) 36 (29.8)
Ductal carcinoma in situ
(n = 12)

0 12 (9.9)

Neuroendocrine carcinoma
(n = 1)

0 1 (0.8)

Note: unless otherwise indicated, data are numbers of nodules, and numbers in
parentheses are percentages.
* P value were calculated by using generalized estimating equation analysis.

DWI= diffusion-weighted imaging; TIC= time-intensity curve; ER= estrogen
receptor; PR=progesterone receptor; HER2 = human epidermal growth factor
receptor; IDC= invasive ductal carcinoma.
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Among them, 71 (35.5%) were IDC (histological grade 3), 79 (39.5%)
were IDC (histological grade 2), 37 (18.5%) were IDC (histological
grade 1), 12 (6.0%) were ductal carcinomas in situ, and 1 (0.5%) were
neuroendocrine carcinomas. VI was observed in 79 (39.5%) patients, of
which, 35 (44.3%) were IDC (histological grade 3), 39 (49.4%) were
IDC (histological grade 2), and 5 (6.3%) were IDC (histological grade
1). Comparison of clinicopathologic and radiological features between
breast cancer patients with VI and without VI in training dataset and
validation dataset was shown in Table 1.

3.2. Predictive factor selection

LASSO regression identified 10 predictors associated with VI out
from 16 clinicopathologic and radiological features, including breast
density, tumor size (maximum diameter), location, margins, lobulation
sign, ALNM, contrast enhancement patterns, DWI appearance, TIC
patterns, and pathological type (Fig. 1).

3.3. Prediction performance of nomogram

Fig. 2 shows the nomogram based on the 10 predictors of VI (Fig. 2).
In the training dataset, the AUC for nomogram was 0.94 (95%CI:
0.89–0.99, the sensitivity was 78.9% (95%CI: 72.4%–89.1%), the spe-
cificity was 95.3% (95%CI: 89.1%–100.0%), the accuracy was 86.0%
(95%CI: 82.0%–92.0%), the PPV was 95.7% (95%CI: 90.0%–100.0%),
and the NPV was 77.4% (95%CI: 67.8%–87.0%) (Fig. 3). In the vali-
dation dataset, the AUC for nomogram was 0.89 (95%CI: 0.83–0.95),
the sensitivity was 70.3% (95%CI: 60.7%–79.2%), the specificity was
88.9% (95%CI: 80.0%–97.1%), the accuracy was 77.0% (95%CI:
70.0%–83.0%), the PPV was 91.8% (95%CI: 85.3%–98.0%), and the
NPV was 62.7% (95%CI: 51.7%–74.0%) (Fig. 3). Fig. 4 shows the his-
tograms of bootstrapped AUC, sensitivity, specificity, PPV, and NPV,
from which, the reported CIs were proven meaningful. The calibration
curve for the probability of VI in the training and validation datasets
demonstrated good agreement between prediction and observation

(Fig. 5). The Hosmer-Lemeshow test yielded a nonsignificant statistic
(training dataset, p= 0.68 and validation dataset (p= 0.06), which
suggested that there was no departure from perfect fit.

3.4. An example of the nomogram in use

For example, patient 1 aged 52 years, who has a tumor in her left
mixed density breast, with maximum diameter of 25mm, location in
the lower-inner quadrant, ill-defined margins, presence of lobulation
sign, obvious contrast-enhancement, slight hyperintensity on DWI
images, type I TIC, and no ALNM (Fig. 6a–f). Biopsy results showed it
was a grade 1 IDC. The risk of VI assessed by nomogram was less than
1% (Fig. 6g). Pathology report showed the tumor hadn’t VI. Patient 2
aged 55 years, who a tumor in her left fatty density breast, with max-
imum diameter of 29mm, location in the upper-outer quadrant, ill-
defined margins, presence of lobulation sign, obvious contrast-en-
hancement, marked hyperintensity on DWI images, type III TIC, and no
ALNM (Fig. 6h–m). Biopsy results showed it was a grade 3 IDC. The risk
of VI could be calculated to be more than 90% (Fig. 6n). Final pa-
thology report showed this tumor had VI.

4. Discussion

We proposed a novel nomogram based on clinical, pathologic and
radiological features to predict VI in breast cancer. The nomogram in-
corporated 10 most strong predictors including breast density, tumor
size (maximum diameter), location, margins, lobulation sign, ALNM,
contrast enhancement patterns, DWI appearance, TIC patterns, and
pathological type. Our results showed the nomogram had excellent
discrimination in both the training dataset and the validation dataset.
We developed an easy-to-use, repeated and relatively objective nomo-
gram that facilitated the individualized prediction of VI.

For many years, patient’s age, tumor size, axillar lymph node status,
histological grade of malignancy, ER, PR and HER2 represented prin-
cipal factors used for the stratification of breast cancer patients for the

Fig. 1. Clinicopathologic and radiological feature selection using the least absolute shrinkage and selection operator (LASSO) logistic regression model. (A)
Identification of the optimal penalization coefficient lambda (λ) in the LASSO model used 10-fold cross-validation and the minimum criterion. As a result, a λ value
of 0.030, with log (λ) =−3.49, was selected. (B) LASSO coefficient profiles of the 16 features. The dotted vertical line was plotted at the value selected using 10-fold
cross-validation in Fig. 1A, for which the optimal λ resulted in 10 non-zero coefficients.
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purposes of evaluating the prognosis and determining the appropriate
strategy of treatment [22–25]. Lymphovascular invasion (LVI) also has
been reported as a strong prognostic factor in patients with breast
cancer. Tumor cell invasion of blood vessels or lymphatic vessels is the
critical step of tumor cell dissemination and metastasis for predicting
disease recurrence or progression. However, most previous studies did
not separate LVI into VI and lymphatic invasion (LI) [26–29]. Fujii T
et al found the presence of VI, instead of LI, could be an indicator of
high biological aggressiveness and may be a valid prognostic factor for
breast cancer [5]. Compared to LI, VI may better represent systemic
disease due to the strong association between VI and LI [5]. Therefore,
to predict systemic disease, it would be helpful to identify the subset of
patients with VI among breast cancer patients with or without LI. Pa-
tients with VI may require for stronger adjuvant therapies because of

the high risk of local, regional, and distant recurrence. However, to our
best of knowledge, there was no any study predicted VI in patients with
breast cancer before treatment based on available data.

Some studies had showed VI was associated with lower mean age,
body weight, breast density, tumor size, positive lymph nodes, and
histologic grade [30–32]. Our study found the risk for VI increased with
the tumor size. The mean tumor size in patients with VI was larger than
that in patients without VI. Some studies have examined the association
between breast density and breast cancer characteristics and found
breast density was positively associated with tumor size, lymph node
status, and VI among women with screen-detected cancers [31,33,34].
We also identified breast density as a predictor of VI, those patients
with fatty breast density had higher risk for VI. We observed breast
tumor with VI usually had morphological characteristics such as ill-

Fig. 2. The nomogram was developed in the training dataset, with the breast density, tumor size (maximum diameter), location, margins, lobulation sign, ALNM,
contrast enhancement patterns, DWI appearance, TIC patterns, and pathological type incorporated.
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defined margins, lobulation sign, and spiculation sign. In this study, VI
was more frequently found in the lower-inner quadrant than other
quadrants, which was inconsistent with a previous study. It said may
because breast cancer was most likely to occur in the upper-outer
quadrant, which was the quadrant with highest breast area and dense
area [35]. Analyses from larger trials are warranted to identify this
finding. A review has shown that the presence of VI correlates closely
with locoregional lymph node involvement [23]. Our study observed VI
was associated with ALNM. Multiple ALNMwas more common in breast
cancer with VI than those without VI (56% vs. 17%, p < 0.001). We
also noticed pathological type was associated with breast cancer VI.
Breast tumors with different pathological types have different biolo-
gical behavior and therefore have different possibilities of invasion of
surrounding tissues. The results showed grade 3 IDC had the highest
risk for VI.

It is essential that all MR breast examinations include traditional
morphological sequences, complemented by functional imaging tech-
niques which yield information about the underlying pathophysiology
of tissue. Functional information of breast tumor could be acquired
using DWI and DCE MRI. DWI is an approach that differs from con-
ventional MRI techniques in that is measures the mobility of water
within tissues, providing information about tissue cellularity and cell
membranes integrity, and it is sensitive to changes in water diffusion in
the intracellular and extracellular spaces [36,14]. Restrictions in water

diffusion are observed in malignant breast lesions. VI was more fre-
quently observed in tumor with obvious hyperintensity on DWI images.
DCE MRI is used to examine neoangiogenically induced vascular
changes, which result in the proliferation of abnormally leaky micro-
vessels. Examination of the TICs allows physiological parameters re-
lated to tissue perfusion, microvascular vessel wall permeability and
extravascular–extracellular volume fraction to be extracted, which may
aid characterization of the underlying pathology. Type III TIC was more
common in tumor with VI.

Although the variables were useful for the VI prediction in breast
cancer patients, their role in determining the individual risk level of the
patient and in the selection of supplementary treatment is quite re-
stricted. At present, there is no effective method for accurately pre-
dicting tumor VI before surgery. In this study, nomogram was devel-
oped based on comprehensive data, with the aim of allowing the
clinician to evaluate the risk of VI more accurately, as a tool for de-
termining the appropriate treatment. The proposed predictive model
had a trained AUC of 0.94 and an internally validated of 0.89 in ROC
curve analysis; internal validation demonstrated good discrimination in
predicting VI.

In summary, the nomogram is based on clinical, pathologic and
radiological data that can be obtained in a preoperative setting. The
proposed nomogram could be used to individually predict VI in breast
cancer patients, which was helpful for clinical decision-making.

Fig. 3. The ROC curves of the nomogram in the training dataset and validation dataset.
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Fig. 4. The histograms of bootstrapped AUC (a–b), sensitivity (c–d), specificity (e–f), accuracy (g–h), PPV (i–j) and NPV (k–l) in the training dataset and validation
dataset, from which, the reported CIs were proven meaningful.

Fig. 5. The calibration curves of the nomogram in the training dataset (A) and validation dataset (B) are reported. The x-axis is the nomogram predicted probability
and the y-axis is the actual probability. The prediction performance can be measured by the difference of the fitted curve and slope 1 line (diagonal 45-degree line).
The diagonal dotted line represents a perfect prediction by an ideal model. The solid line represents the performance of the nomogram, of which a closer fit to the
diagonal dotted line represents a better prediction.
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Patients with VI may require for stronger adjuvant therapies because of
the high risk of recurrence.
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