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Abstract

Purpose: Vascular invasion (V) is associated with recurrence and is an indicator of poor prognosis in gastric cancer (GC).
Pre-operative identification of VI may guide the selection of the optimal surgical approach and assess the requirement for
neoadjuvant therapy. Methods: A total of 271 patients were retrospectively collected and randomly allocated into the training
and validation datasets. The least absolute shrinkage and selection operator regression model was used to select potentially
relevant features, and multivariable logistic regression analysis was used to develop the nomogram. Results: The nomogram
consisted of pre-operative serum complement C3 levels, duration of symptoms, pre-operative computed tomography
stage, abdominal distension and undifferentiated carcinoma. The nomogram provided good calibration for both the training
and the validation set, with area under the curve values of 0.792 and 0.774. Decision curve analysis revealed that the
nomogram was clinically useful. Conclusion: The present study constructed a nomogram for the pre-operative prediction of VI
in patients with GC. The nomogram may aid the identification of high-risk patients and aid the optimization of pre-operative

decision-making.
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Introduction

Gastric cancer (GC) is the fifth most common type of cancer
and the third leading cause of cancer-associated deaths. It is
estimated that there will be 27,600 new GC cases and 11,010
GC mortalities worldwide in 2020." Radical surgery combined
with regional lymph nodes dissection is the standard treatment
for patients with stage I-III GC. However, 20-30% of patients
suffer from local or distant recurrence and succumb to the
disease following curative resection.” In order to improve the
prognosis of GC, the application of multimodal therapy includ-
ing chemotherapy, radiotherapy and surgery has been widely
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recognized.* Among them, neoadjuvant chemotherapy is an
important supplement to surgical treatment. Preoperative
application of neoadjuvant chemotherapy in advanced GC
can effectively control tumor progression, promote tumor
volume reduction or clinical stage reduction, enhance the
success rate of the surgery and improve the overall survival
of patients.>® Despite advances in treatment techniques,
postoperative recurrence is still a major problem for patients
with GC. Therefore, the identification of patients with GC
with a high risk of recurrence and poor prognosis may opti-
mize the management of these patients and allow individua-
lized treatment.

Vascular invasion (VI) occurs when tumor cells invade
blood and/or lymphatic vessels near the tumor.” VI occurs
in the submucosa and subserosa in the form of complete or
partial tumor thrombus and vascular wall infiltration.® VI is a
critical step in tumor cell dissemination and metastasis. It is
reported that VI is associated with lymph node metastasis,
advanced T stage and poor prognosis.”'? In stage II GC,
vascular invasion may serve as an additional independent
prognostic predictor and can be used to identify patients with
poor prognosis.13 However, despite its strong prognostic
value, VI status can only be assessed post-operatively. The
identification of VI pre-operatively may improve pre-
treatment decision-making, such as assessing the need for
neoadjuvant therapy and the adequacy of surgical resection.
While it has been reported that the expression of mucin 4
(MUC4) cell surface associated and the diffuse expression
of human ring finger (hRFI) homologous to inhibitor of apop-
tosis protein related to VI in GC,'*' these biomarkers have
limited use in clinical practice.

Nomograms have gained popularity in oncology and med-
icine and can be used to generate individual probabilities of
clinical events by integrating different prognostic and deter-
ministic variables.'® In the nomogram, the prediction factors
are quantified in the form of scores, and the probability of
patient outcome events is calculated through the conversion
function between the total score of each prediction factor
and the probability of outcome events.'*'"'® Nomograms
are predictive models that have been widely applied in the
field of cancer prognosis prediction, including GC.'"*** For
example, nomogram for predicting disease-specific survival
and recurrence in GC have been developed.’*?*> However,
most of these nomograms were based on postoperative para-
meters, which can not guild neoadjuvant chemotherapy. To
the best of our knowledge, a nomogram that can be used for
the pre-operative prediction of VI in GC has not yet been
described.

The aim of the present study was to develop and validate a
nomogram for predicting the presence of VI based on pre-
operative clinical features of patients with GC. To the best of
our knowledge, the nomogram presented in the present study is
the first that can be used for individual pre-operative prediction
of VI in patients with GC. Therefore, this nomogram may aid
clinicians make better clinical decision and select optimal treat-
ment strategies.

Methods

Patient Selection Criteria

A total of 271 patients with GC who received surgical treat-
ment in the Guangxi Medical University Cancer Hospital
between October 2013 and May 2018 were retrospectively
collected in the present study. The inclusion criteria were as
follows: (i) Patients whose pathological diagnosis was gastric
adenocarcinoma; (ii) patients who received resection of the
primary tumor; (iii) a post-operative pathological report that
suggested the presence of VI; and (iv) patients whose medical
history and auxiliary examination results were complete and
included computed tomography (CT), electronic gastroscopy
and blood tests. The exclusion criteria were as follows:
(i) Patients who received any pre-operative therapy (including
radiotherapy, chemotherapy or chemoradiotherapy); and
(ii) patients with other types of tumor in the same period. The
protocol of this retrospective study was approved by the Ethics
and Human Subject Committee of Guangxi Medical University
Cancer Hospital (approval no. LW2019041), and all experi-
ments and methods met the standards of the relevant guidelines
and regulations.?®

The relevant demographic and pre-operative clinical fea-
tures were collected. These features were divided into 8 types,
including general information, symptom, previous history,
family history, personal history, blood test results, imaging
examination and pathological examination. General informa-
tion, which were based on the patients’ identity cards, were
extracted from the hospital database. Previous, personal and
family history were extracted from the hospital admissions
records, which were verified by a senior physician. Blood test
results were collected from tests performed on the first admis-
sion. Imaging examination was based on patients’ pre-
operative CT scans, which were read by 2 senior radiologists.
Pathological examination included patients’ pre-operative
endoscopic biopsies and the presence of VI on the post-
operative pathological report. The 271 patients were randomly
divided into the training and validation datasets at a ratio of
7:3 using computer-generated random numbers. The training
dataset included 191 cases and the validation dataset included
80 cases.”” The T and N stages were identified in accordance
with the eighth Edition of the American Joint Committee on
Cancer Staging Manual.

Feature Selection

The least absolute shrinkage and selection operator (LASSO) is
a penalized regression method that estimates the regression
coefficients by maximizing the log-likelihood function, while
limiting the sum of the absolute values of the regression coef-
ficients. The regression coefficients estimated by LASSO are
sparse, and many components are exactly zero. Therefore,
LASSO automatically deletes unnecessary covariates.?**
LASSO logistic regression algorithm is advantageous in high
dimension regression.’® LASSO was used to identify the
predictive features in the training dataset, as previously



Meng et al

described.'® All the categorical variables were converted into
dummy variables and the absence or presence of VI was con-
sidered to be a dependent variable. 10-fold cross validation was
used to confirm the suitable tuning parameter (A) for LASSO
logistic regression. The most significant features selected by
LASSO were subsequently used to construct the logistic regres-
sion model.

Constructing the Nomogram and Performance
Assessment

The nomogram was constructed based on features with
P-values less than 0.1 in the multivariate regression analysis.
The goodness of fit between the observed and predicted values
was evaluated by a calibration curve and Spiegelhalter’s
Z-test.>! A calibration curve that would perfectly fit the 45°
reference line was plotted. The receiver operating characteris-
tic (ROC) curve and the area under the curve (AUC) were used
to evaluate the predictive discrimination of the nomogram.*>
An AUC of 1.0 was considered to indicate that the nomogram
had perfect discrimination ability.

Validation of the Nomogram

The validation dataset was used to evaluate the performance of
the nomogram. A predicted value was calculated for every
patient in the validation dataset on the basis of the formula
constructed using the training dataset. The ROC and AUC were
used to assess the predictive discrimination ability of the nomo-
gram in the validation dataset. The calibration curve and
Spiegelhalter’s Z-test were used to evaluate the goodness of
fit of the nomogram in the validation dataset. Additionally,
10-fold cross-validation was performed and mean-square error
was calculated to assess the quality of the nomogram using the
boot package (https://CRAN.R-project.org/package=boot) in
R (Version: 3.4.0; https://cran.r-project.org/bin/windows/
base/old/3.4.0/).

Clinical Use

The clinical significance of the nomogram was analyzed using
decision curve analysis (DCA) by quantifying the net benefits
at different threshold probabilities in the combined training and
validation datasets, as previously described.®>* The treat-none
scheme assumed no patient had a disease and the treat-all-
patients scheme assumed all patients had a disease.?’

Statistical Analysis

The statistical analyses were performed using R statistical soft-
ware version 3.4.0. LASSO logistic regression analysis was
performed using the glmnet package (Version: 2.0-18; https://
CRAN.R-project.org/package=glmnet). The rms package
(Version: 5.1-3.1; https://CRAN.R-project.org/package=rms)
was used to perform logistic regression analysis, to construct
the nomogram and to plot the calibration curve. Spiegelhalter’s

3
Table 1. Patient Background Characteristics.
Training set  Validation set

Characteristics (n=191) (n=280)  P-value
Age (year) 56.39 + 12.58 55.76 + 11.9 0.70
Sex 0.10

Male 116(67.05) 57(32.95)

Female 75(76.53) 23(23.47)
BMI (kg/m?) 21.55 + 3.09 21.60 + 3.29 0.85
C3(g/L) 096 + 022 093 + 021 0.21
Duration of symptoms 0.091

(mouth)

<1 72(64.86) 39(35.14)
>1 119(74.86) 41(25.62)

Abdominal distension 0.49

No 146(71.57) 58(28.43)

Yes 45(67.16) 22(32.84)
Undifferentiated carcinoma 1.00

No 185(70.34) 78(29.66)

Yes 6(75) 2(25)
CT stage 0.47

I 37(63.79) 21(36.21)

I 75(72.12) 29(27.88)

11 75(73.53) 27(26.47)

v 4(57.14) 3(42.86)
Vascular invasion 0.85

No 105(70.95) 43(29.05)

Yes 86(69.92) 37(30.08)

Z-test was performed using the val.prob function in the rms
package. The DCA was performed using the dca.R function.*?
A P value less than 0.05 was considered to indicate a statisti-
cally significant difference.

Results

Clinical Characteristics

A total of 271 patients with complete clinical information were
randomly divided into training dataset (n = 191) and the vali-
dation dataset (n = 80). The present study included 173 male
patients and 98 female patients. The mean age of the patients
was 56.20 years. The majority of the patients had stage II-III
GC (206/271 cases; 76.02%) based on pre-operative CT scans.
Additionally, stage IV patients were also enrolled in this study
(7/271 cases; 2.58%). Although the determination of VI by the
nomogram could not change the treatment strategies of stage
IV patients, it could predict the prognosis of stage I'V patients
and guide clinicians to carry out further close follow-up and
observation. Approximately half of the patents had VI con-
firmed by post-operative pathological examination (123/271;
45.39%). Patient demographical and clinical features are pre-
sented in Table 1. There were no significant differences in age,
gender, pre-operative serum complement C3 levels, duration of
symptoms, stage, abdominal distension and undifferentiated
carcinoma between patients in the training and validation data-
sets (all P > 0.05).
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Figure 1. Feature selection by LASSO logistic regression. (A) Tuning parameter (1) selection in the LASSO logistic regression used 10-fold-
cross-validation via minimum criteria. The binomial deviance is plotted versus log (L). The black vertical lines are plotted at the optimal A based
on the minimum criteria and 1 standard error for the minimum criteria. (B) LASSO coefficient profiles for clinical features. Each coefficient

profile plot was produced against the log (A) sequence.

Feature Selection

LASSO logistic regression analysis was used to construct a
prediction model in the training dataset. The absence or pres-
ence of VI was a dependent variable and the remaining clinical
features were independent variable in the LASSO logistic
regression analysis. Using cross-validation, the most appropri-
ate tuning parameter A for LASSO logistic regression analysis
was determined to be 0.060 when the binomial deviance was
the smallest (Figure 1A). The 5 features with non-zero coefti-
cients in the tuning parameter, including pre-operative serum
complement C3 levels, duration of symptoms, stage (based on
CT), abdominal distension and undifferentiated carcinoma,
were selected and used to construct the regression model
(Figure 1B).

Performance Assessment of the Nomogram

The results of feature selection were used to construct a multi-
variate logistic regression model incorporating the 5 selected
features using the training dataset. Features with P-values less
than 0.1 in the multivariate regression analysis were used for
nomogram construction. As shown in Table 2, among the 5
features incorporated in the multivariate logistic regression
model, duration of symptoms (P = 0.024), abdominal disten-
sion (0.038), stage II (P = 6.78x107) and stage III (P =
0.0081) were independent risk factors of VI in GC. Patients
symptoms lasting <1 month had a 0.44-fold risk of developing
VI. Patients with abdominal distension had a 2.30-fold risk of
developing VI. Stage was also an independent predictor for VI
in GC. While pre-operative serum complement C3 levels and
undifferentiated carcinoma were not independent predictors for
VI (both of them have a marginally significant P-value), these
2 parameters were still included in the predictive model due to

Table 2. Multivariable Logistic Regression Analysis of the Selected
Clinical Features in the Training Set.

Variable Odds ratio (95%CI) P
Duration of symptoms(mouth) 0.024
>1 1
<1 0.44(0.21-0.88)
Abdominal distension 0.038
No 1
Yes 2.30(1.06-5.13)
C3(g/L) 0.22(0.04-1.08) 0.069
CT stage
I 1
I 2.26(0.87-6.53) 0.11
I 13.79(5.17-41.69) 6.78x1077
v 31.55(3.03-765.83) 0.0081
Undifferentiated carcinoma 0.055
No 1
Yes 0.095(0.0043-0.81)

Abbreviations: CT, computed tomography; CI, confidence interval.

the scope of the present study, which was to develop a nomo-
gram for pre-operative prediction of VI, rather than analyzing
risk factors of VI.

A scale was added at the top of the nomogram and was used
to represent the points allocated to each variable. Each patient
received a total number of points that could be converted into
the prediction of the statistical probability of the presence of VI
using the scale at the bottom of the nomogram (Figure 2). For
example, a patient with symptoms persisting for >1 month
(25 points), a serum C3 level of 0.6 g/l (52 points), stage 111
GC (77 points), abdominal distension (24 points) and non-
undifferentiated carcinoma (0 points) had a total of 178 points
and a VI probability of ~55%.The calibration curve of the
nomogram suggested that there was a good concordance
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Figure 2. Nomogram for predicting vascular invasion prior to surgery in gastric cancer (GC). Five points are allocated for preoperative serum
complement C3 levels, duration of symptoms, preoperative computed tomography (CT) stage, abdominal distension and undifferentiated
carcinoma. Draw a line on the corresponding value to the “points” line. Calculate the sum of these 3 points and getting the mark on the “Total

points,” which is related to possibility of vascular invasion.
< |
- By
C(ROC)
R2
:]
v
S8
Intercept
Slopa
= Emax
= w
IR
o sz
E sp
ERg
5 o
<
o | Ideal
o <
B —— Logistic calibration
I H ‘ ‘ | ----- HPT. etic
o | I bt CERTTRT b
o
T T T T
0.0 o,z 0,4 06 0.8 1.0
Predicted Probabilty

B

1.0

08

0.6

Sensitivity

1.0 08 0.6 0.4

Specificity

0.2 0.0

Figure 3. Performance evaluation for the nomogram in training dataset. (A) The x-axis is the nomogram-predicted probability of vascular
invasion and the y-axis is the actual rate of vascular invasion. The reference line is 45° and indicates perfect calibration. (B) The ROC curves for

the nomogram in training dataset.

between the statistically predicted probability of GC VI and
the actual probability in the training dataset. The Spiegelhal-
ter’s Z-test yielded a P-value of 0.92, which indicated that
there was no significant departure from a perfect fit
(Figure 3A). The ROC curve indicated that the nomogram
provided good discrimination, with an AUC of 0.792 in the
training dataset (Figure 3B).

Validation of the Nomogram

The nomogram was validated using the validation dataset by
calculating the individual possibility of VI. The calibration
curve revealed good concordance between the predicted and
actual probabilities in the validation dataset (P = 0.50;
Figure 4A). In addition, the nomogram provided an AUC of
0.77 in the validation set, which suggested a good discrimination
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ability (Figure 4B). Additionally, 10-fold cross-validation was
performed 10 times to assess the nomogram. As shown in
(Figure 4C), the mean-squares errors ranged between 0.255 and
0.263, indicating that the nomogram was robust.

Clinical Utility of the Nomogram

DCA was performed to examine the clinical utility of the
nomogram. As shown in Figure 5, when the probability of
GC VI generated by the nomogram ranged between 25 and
80%, the application of the nomogram to predict the risk of
VI added more benefit than both the treat-all-patients scheme
and the treat-none scheme. For example, with a probability of

VI of 45%, the nomogram added a net benefit of 21.7% com-
pared with the other 2 schemes. This suggested that the nomo-
gram developed in the present study had a high clinical utility.

Discussion

The present study constructed and validated a novel nomo-
gram using data collected in clinical practice that could be
used to predict pre-operative VI in patients with GC. The
nomogram provided favorable discrimination and calibration
values and may enhance the pre-operative management of
patients with GC.

Recently, the importance of VI in GC has increasingly been
recognized, but the specific molecular mechanism of VI has not
been clearly explored. Several studies have found that MUC4 is
associated with VI in a variety of cancers.>*>® Tamura et al."*
reported that MUC4 expression was associated with VI.
Another study showed that inhibiting the expression of MUC4
could reduce the invasive ability of GC cells.®” Furthermore,
the expression of MUC4 is also associated with GC recurrence
and metastasis. In addition, the expression of hRFI in GC plays
an important role in VI. Sasaki et al.'®> found that the diffuse
expression of hRFI was significantly related to VI of GC, and
patients with diffuse expression of hRFI were more likely to
develop liver metastasis. Although some studies have been
conducted, the molecular mechanism of VI has not been fully
revealed. Therefore, it is a great challenge to find molecular
markers that can accurately predict VI in GC and apply it to the
clinic. Moreover, preoperative identification of VI requires
endoscopic sampling and biopsy, which is invasive and causes
harm to GC patients. Considering this, the nomogram for pre-
dicting VI created in this study is noninvasive, which can avoid
the physical injury caused by biopsy to GC patients and facil-
itate clinicians to apply prediction of VI.

VI is a risk factor for the recurrence of GC. Evidence sug-
gests that VI is associated with lymph node metastasis,



Meng et al

advanced T stage, recurrence and poor prognosis. In order to
reduce recurrence and extend disease-free survival, GC
patients with T3-4/lymph node-positive generally receive adju-
vant chemotherapy following curative surgery.’® However,
~20-60% patients who undergo radical surgical tumor dissec-
tion and receive adjuvant chemotherapy still experience recur-
rence or new occurrence of GC. Several reasons may account
for treatment failure. Firstly, post-operative chemotherapy may
be delayed for months after the initial diagnosis and cancer may
progress during this period.”® Secondly, surgery increases the
production of growth factors and induces immunosuppression,
which may facilitate the dissemination and metastasis of tumor
cells.*® Neoadjuvant chemotherapy has attracted increasing
attention for its advantages in downstaging the primary tumor,
facilitating complete surgical resection and treating systemic
micrometastases.*’ Clinical trials have revealed that neoadju-
vant chemotherapy improves overall survival time in patients
with advanced GC.*** Hence, the National Comprehensive
Cancer Network Guidelines recommend that patients with
GC with T2 or higher stages receive neoadjuvant chemother-
apy.*® However, in Southeast Asia, neoadjuvant chemotherapy
is recommended for patients with local advanced GC and
no evidence of distant metastasis (T3/4, N+) or clIl. In
China, patients with T2 GC who underwent radical surgical
tumor resection had a 23% risk of recurrence.*’ Patients
with a high risk of recurrence may benefit from neoadjuvant
c:hernotherapy.41 As VI may predict GC recurrence, a previous
study suggested that VI should be included in risk stratification
and selection criteria for patients entering novel adjuvant or
neoadjuvant clinical trials.*® However, VI status can only be
assessed in the post-operative setting. In order to overcome this
limitation, the present study developed a nomogram for the
pre-operative identification of VI, which provides a novel
strategy for identifying high-risk patients who may benefit
from neoadjuvant chemotherapy.

In order to develop a pre-operative nomogram for VI pre-
diction in patients with GC, 5 predictors, including pre-
operative serum complement C3 levels, duration of symptoms,
pre-operative stage, abdominal distension and undifferentiated
carcinoma, were selected using LASSO logistic regression
analysis, which is an efficient features selection statistical
method for high dimensional data.*” The discrimination and
calibration were favorable in the training cohort (AUC of
0.795; and a P-value of Spiegelhalter’s Z-test of 0.81) and the
validation cohort (AUC of 0.787; and a P-value of Spiegelhal-
ter’s Z-test of 0.66). As favorable discrimination and calibra-
tion alone could not justify the clinical utility of the nomogram,
DCA was performed. The DCA curve demonstrated that if the
threshold probability of VI estimated by the nomogram was 25
and 80%, the nomogram provided greater benefit than either
the treat-all-patients scheme or the treat-none scheme. Hence,
the pre-operative nomogram could serve as a user-friendly pre-
dictor of VI in GC.

Among the 5 features selected in the present study, duration
of symptoms, abdominal distension and CT stage was indepen-
dent factors for VI in GC. VI is one of the earliest steps in

tumor cell dissemination.'' It was reported that ~ 85% patients
with N1-2 GC were VI-positive.’® However, ~30% of patients
without lymph node metastasis were VI-positive. VI was sig-
nificantly associated with T-status and N-status,’® which was in
line with the results obtained in the present study. CT is a non-
invasive diagnostic test that is recommended as a standard
examination in the diagnosis of GC.>' The accuracy of CT for
the evaluation of the T-stage and N-stage in GC is ~ 80-89%
and 63%, respectively.’? Therefore, the use of CT to predict VI
is convenient and accurate. The present study revealed that
symptoms persisting <1 month conferred protection against
VI. As VI is associated with TNM stage,>® the probability of
VI may increase with increasing duration of GC. The present
study revealed that patients with abdominal distension had an
increased risk of developing VI. However, the mechanisms
underlying this remain unclear and future investigation is
required.

The present study had several limitations. Firstly, the main
limitation of this study is that the training set and validation set
are from a single center, which can lead to potential selection
bias. And an external validation with multi-center and larger
samples may the optimal choice. Secondly, although a genome
classifier is a promising predictor, no application of genome
features has been considered. Thirdly, this study is a retrospec-
tive small sample clinical study. Further studies with large
sample are needed to validate the results of this study.

Conclusions

To the best of our knowledge, the present study was the first to
construct a nomogram that could be used as a pre-operative
prediction tool for VI in patients with GC. The nomogram may
provide novel strategy for the identification of high-risk
patients and aid the optimization of pre-operative decision-
making.
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