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Abstract

Background In clinical practice, lymph node status has an important impact on colon cancer (CC) management
and treatment. The role of the tumor microenvironment collagen score and immunoscore in colon cancer lymph
node metastasis remains unknown.

Methods A total of 249 CC patients who underwent laparoscopic-assisted D3 lymphadenectomy from June 2016

to May 2019 were included. The patients’clinicopathological data were collected retrospectively. A total of 142 col-
lagen features were extracted by multiphoton imaging and collagen quantification. A collagen score was constructed
using a LASSO logistic regression model. Antibodies against CD3 and CD8 were used for immunostaining. The immu-
noscore was constructed based on the mean densities of CD3+and CD8+T cells both in the tumor center and inva-
sion margin on imaging.

Results The lymph node metastasis rate among colon cancer patients was 42.2% (105/249). The multivariate analysis
indicated that lymphatic invasion (OR: 3.892, 95% Cl: 1.784-8.491, p=0.001), vascular invasion (OR, 3.234, 95% Cl:
1.544-6.776), p=0.002), mucus adenocarcinoma and signet-ring cell carcinoma (OR: 2.990, 95% Cl: 1.413-6.328,
p=0.004), the collagen score (OR: 6.304, 95% Cl: 2.145-18.527, p=0.001) and the immunoscore [intermediate group
(OR, 2.473;95% Cl, 1.192-5.130; p=0.015); low group (OR, 5.877; 95% Cl, 2.423-14.257; p < 0.01)] were independent
risk factors for colon cancer lymph node metastasis. The newly developed model comprising these five independent
predictors showed good discrimination with an AUROC of 0.809 (95% Cl: 0.755-0.862). The new model performed
significantly better than the traditional clinicopathological model [AUROC: 0.715 (95% ClI: 0.649-0.780), p < 0.001].

Conclusions The tumor microenvironment collagen score and immunoscore are associated with colon cancer
lymph node metastasis.
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Introduction

Colon cancer (CC) is one of the most common malig-
nancies of the gastrointestinal tract. [1] The presence of
lymph node metastasis (LNM) is a feature of poor CC
patient prognosis. Patients with LNM have a lower 5-year
survival rate than those without LNM. [2] Researchers
have recently focused on constructing signatures using
the characteristics of the tumor itself to analyze LNM.
[3-5] Bae JH et al. reported that vascular invasion was
significantly associated with LNM. [6] Mou A et al. found
that tumor size was related to LNM. [7] However, few
studies have focused on the impact of the tumor micro-
environment (TME) on LNM.

Collagen fibers are the main component of the TME
extracellular matrix (ECM), and changes in these fib-
ers are associated with cancer invasion and prognosis.
[8] Chen D et al. found that collagen signatures in the
TME were associated with LNM in early gastric cancer.
[9] Dong X et al. reported that the collagen score could
predict the prognosis of rectal cancer patients after neo-
adjuvant chemoradiotherapy. [10] Multiphoton imaging
technology is an effective tool for analyzing the quantity,
quality, and conformation of collagen changes. [11, 12]
However, whether collagen changes in the microenviron-
ment are related to LNM in CC remains unknown.

Immunocytes in the TME are also generally believed
to play a significant role in the development of tumors.
[13] There is a consensus that the immune scoring sys-
tem (immunoscore) based on the location and density
of CD3+and CD8+T cells can predict the prognosis of
early and advanced colorectal cancer. [14, 15] Neverthe-
less, the association between the immunoscore and LNM
in CC has not been investigated in detail.

We hypothesized that the TME collagen and immu-
noscores are associated with CC LNM. The primary
objective of this study was to examine the evidence that
the collagen and immunoscores are associated with LNM
in CC. This is the first study to analyze the relationship
between LNM CC and changes in TME structure and
immune infiltration.

Methods

Patients and specimens

A total of 249 CC patients who underwent laparoscopic-
assisted D3 lymphadenectomy in the Department of
General Surgery at Nanfang Hospital of Southern Medi-
cal University from June 2016 to May 2019 were included
in this study.

The inclusion criteria were as follows: age>18 years;
ASA score of 1-3; no neoadjuvant chemoradiotherapy
performed before the operation; D3 lymphadenectomy
(RO resection); and postoperative pathological stage
I-1II. We excluded patients who underwent preoperative
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neoadjuvant therapy or palliative resection and those
who had other tumors, stage IV disease, incomplete clin-
icopathological data or missing formalin-fixed paraffin-
embedded (FFPE) samples.

Basic clinicopathologic data were collected for each
patient from medical records, including demographics
such as age (>60 years,<60 years), sex (male, female),
and BMI (>24 kg/m? <24 kg/m?) according to the Chi-
nese BMI classification guideline [16] s. Additional clini-
cal data included ASA scores (1, 2, 3) and preoperative
serum CEA levels (>5 ng/ml <5 ng/ml). Pathological
characteristics of surgical specimens were also recorded,
including tumor location (left-sided colon, right-sided
colon), size (maximum diameter>5 cm,<5 cm) [17],
histologic type (adenocarcinoma, mucinous adenocar-
cinoma with mucinous components, and signet-ring
cell carcinoma), differentiation (well, moderate, poor),
and invasion status—lymphatic, vascular, and perineural
(present or absent for each). Tumor T category (T1-2,
T3-4) was also documented.

Tumor budding was assessed according to the method
recommended by the International Tumor Budding Con-
sensus Conference (ITBCC) [18] and classified as mild
(0—4 buds), moderate (5—9 buds), or marked (> 10 buds).
Patients were categorized into two groups—LNM +and
LNM — —based on the presence or absence of postopera-
tive LNM in the pathology report. The FFPE specimens
of all patients were used.

Collagen score construction

First, samples from all patients were sectioned consecu-
tively. One slide of continuously sectioned samples from
each patient was randomly selected for hematoxylin—
eosin (H&E) staining. The histological evaluation was
performed by a pathologist. Five random correspond-
ing unstained regions of interest (ROIs, 500X 500 um) in
invasive margin were selected for multiphoton imaging
and magnified 20 times. A multiphoton imaging system
based on two-photon fluorescence excitation/second
harmonic generation (SHG/TPEF) was conducted as pre-
viously described. [19] The excitation wavelength used
in this study was 810 nm. MATLAB 2018b (MathWorks)
was used to extract collagen features. [20] A total of 142
features comprising 8 morphologic features, 6 inten-
sity features, 80 Gy-level co-occurrence matrix-based
features and 48 Gabor wavelet transform features, were
extracted. Least-absolute shrinkage and selection opera-
tor (LASSO) logistic regression was used to select the
features most associated with LNM. [21] The method
used an L1 penalty to shrink some regression coefficients
to exactly zero. The penalty parameter A\, known as the
tuning constant, controls the intensity of the penalty.
The A value can be increased to select fewer predictors



Long et al. BMC Cancer (2025) 25:506

to enter the model. In our study, tenfold cross-validation
was used to determine the optimal value of A, and the
final A value was selected based on the minimum stand-
ard. LASSO logistic regression was conducted using R
software (version 4.0.3) with the “glmnet” package. The
collagen score of each patient was calculated from the
selected collagen characteristics and the LASSO regres-
sion coefficients to form a standard linear equation.

Immunoscore construction

FFPE tumor sections were deparaffinized and stained
with antibodies against CD3 and CD8 (Maixin Biotech.
Co., Ltd., Fuzhou, China). Immunohistochemical stain-
ing was performed according to the manufacturer’s
instructions. Then, the slices were stained with DAB
and counterstained with hematoxylin. Following immu-
nohistochemistry, all the stained slices were digitized
by Aperio ImageScope (Leica Biosystems, CA, USA)
at 20X magnification. The immunoscore was based the
mean densities of CD3+and CD8+T cells both in the
tumor center (TC) and invasion margin (IM) on imaging
and included the following steps. First, five ROIs in the
TC and IM were manually annotated. Second, QuPath
software (version 0.2.3) was used to calculate the number
and density of positively stained cells. [22] The maximum
Youden index of mean density was used as the cutoff
value to distinguish ‘high’ and ‘low” immune responses.
A high immune response score was set as 1, and a low
immune response score was set as 0. The CD3, CD3y,,
CD8, and CD8;,, scores were added and converted
into an immunoscore (I0—I4). Patients were divided
into three groups based on their immunoscores. Immu-
noscores 10-I1 were classified as “low’, 12 was classified
as “intermediate’, and 13-14 were classified as “high”.

Statistical analysis and nomogram development
Continuous variables were compared by a 2-tailed ¢ test
(or the Mann—Whitney U test when appropriate). Cat-
egorical variables were compared by a X2 test. Statistical
analysis was conducted using R version 4.0.2 (R Founda-
tion for Statistical Computing, Vienna, Austria) or SPSS
26.0 (SPSS, Chicago, IL, USA). The independent risk fac-
tors for LNM were explored by binary logistic regression
analysis, which was applied to calculate the odds ratio
(OR) and its corresponding 95% confidence interval (CI).
[23] Differences with a 2-sided p<0.05 were considered
statistically significant. The tolerance and variance infla-
tion factor (VIF) were used to evaluate the multicollin-
earity of the model. [24]

A nomogram was constructed based on the independ-
ent risk factors. This nomogram provided a visual pres-
entation of the factors associated with LNM and the
corresponding points, thus visualizing the probability
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of LNM in each CC patient. The area under the receiver
operating characteristic curve (AUROC) was measured
to assess the accuracy of the nomogram. The calibra-
tion curve was plotted to assess the goodness of fit of
the nomogram, accompanied by the Hosmer—Lemeshow
test. Decision curve analysis (DCA) was performed to
assess the net benefits of the model at different threshold
probabilities to estimate its clinical value. [25] The maxi-
mum Youden index was selected as the cutoff value. The
sensitivity, specificity, accuracy, positive predictive value
(PPV), and negative predictive value (NPV) of the new
model and traditional model were calculated.

Result

Participants

The clinicopathological characteristics of the 249 patients
are summarized in Table 1. There were 105 patients in
the LNM + group, the LNM rate was 42.2% (105/249), the
median age [interquartile range (IQR)] was 61 (51-68.5)
years, and 65 (61.9%) of the patients were male. There
were 144 patients in the LNM- group, accounting for
57.8% (144/249) of the patients. The median age (IQR) in
the LNM- group was 58 (46.3—65) years, and 86 (59.7%)
of the patients were male.

Lymph node data

The number of lymph nodes (LNs) harvested per patient
was as follows: in the LNM- group, the median (IQR)
was 37.00 (27.25, 50.75) LNs, while in the LNM + group,
the median (IQR) was 35.00 (27.00, 48.00) LNs. For the
LNM +group, the positive lymph node ratio [median
(IQR)] was calculated as 0.05 (0.03, 0.14). Statistical anal-
ysis showed no significant correlation between the posi-
tive lymph node ratio and the total number of harvested
lymph nodes (p >0.05).

Collagen score

A flowchart demonstrating the construction of the
collagen score is shown in Fig. 1. The coefficient pro-
files of the collagen features in CC were extracted from
the LASSO logistic regression. Furthermore, the col-
lagen score of each patient was calculated as follows:
Collagen score=—2.97289133-Morphology_Fiber
width*0.13822854+Morphology_CrosslinkSpace*0.02059122-Inten-
sity_Kurtosis*0.0148381 + GLCM_90°_2displacement_
correlation*1.79545484 + GLCM_90°_5displacement_
homogeneity*0.93172095 + GLCM_135°_1displacement_
correlation®*0.24059861 + GLCM_135°_1displacement_
homogeneity*0.41317486 + GLCM_135°_2displacement_
homogeneity*0.01091541- Gabor_3scale_4orientation_
mean*0.1395055 + Gabor_4scale_6orientation_variance
*0.30749449.
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Table 1 The clinicopathological characteristics of the 249 patients

Clinicopathological feature LNM+ LNM- p value

Age, No. (%), year 0.063
<60 48(45.7) 83(57.6)
>60 57(54.3) 61(42.4)

Sex, No. (%) 0.728
Male 65(61.9) 86(59.7)
Female 40(38.1) 58(40.3)

BMI, No. (%), kg/m? 0.524
>24 24(22.9) 38(264)
<24 81(77.1) 106(73.6)

ASA, No. (%) 0316
1 17(16.2) 34(23.6)
2 79(75.2) 101(70.1)
3 9(8.6) 9(6.3)

Preoperative serum CEA, No. (%), ng/ml 0.260
<5 84(80) 123(85.4)
>5 21(20) 21(14.6)

Size, No. (%), cm 0.326
<5 43(41) 68(47.2)
>5 62(59) 76(52.8)

Location, No. (%), 0.087
Left-sided colon 71(67.6) 82(56.9)
Right-sided colon 34(32.4) 62(43.1)

T category, No. (%), 0.012
T1-2 4(3.8) 19(13.2)
T3-4 101(96.2) 125(86.8)

Differentiation, No. (%), 0.198
Well 5(4.8) 12(8.4)
Moderate 69(65.7) 102(70.8)
Poor 31(29.5) 30(20.8)

Histologic type, No. (%), 0.003
Adenocarcinoma 75(71.4) 125(86.8)
Mucus adenocarcinoma and signet-ring cell carcinoma 30(28.6) 19(13.2)

Lymphatic invasion, No. (%), <0.001
Negative 63(60) 123(85.4)
Positive 42(40) 21(14.6)

Vascular invasion, No. (%), <0.001
Negative 63(60) 121(84)
Positive 42(40) 23(16)

Perineural invasion, No. (%), <0.001
Negative 68(64.8) 113(78.5)
Positive 37(35.2) 31(21.5)

Budding, No. (%), 0.098
Mild 15(14.3) 32(22.2)
Moderate 17(16.2) 31(21.5)
Marked 73(69.5) 81(56.3)
Collagen score, [median (IQR)] —0.285(—0.399, —0.130) —0.332 (-0.538, -0.181) 0.006

Immunoscore <001
High 27(25.7%) 73(50.7%)

Intermediate 46(43.8%) 53(36.8%)
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Table 1 (continued)
Clinicopathological feature LNM+ LNM- p value
Low 32(30.5%) 18(12.5%)
H&E TPEF/SHG Gray - scale image
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Collagen score = Y coefficient x Collagen feature

Fig. 1 Collagen score construction flowcharts. A Five random regions of interest (ROls, 500 x 500 um) were selected from H&E staining
corresponding to the unstained IM region for multiphoton imaging with a 20 x objective. Then, the TPEF/SHG images were transferred to gray-scale
images for collagen feature extraction. B LASSO logistic regression was performed to select the prognostic factors. C The collagen score formula
comprised the extracted collagen features multiplied by the corresponding coefficients, and then added



Long et al. BMC Cancer (2025) 25:506

After calculation, the collagen score [median (IQR)] in
the LNM + group was —0.236(—0.399, —0.070) and that in
the LNM- group was —0.366(—0.570, —0.193). There was
a significant difference between the two groups (p <0.01).

Immunoscore

The density of CD3+and CD8+ tumor-infiltrating lym-
phocytes (TILs) was higher in IM than in TC. Percentiles
for evaluating the immune response were based on the
density (cells/mm?) of CD3+and CD8+cells (eTable 1
in supplement). The cutoff value was based on the maxi-
mum Youden index of positive cell density.

In the LNM- group, 4 (2.8%), 14 (9.7%), 53 (36.8%), 26
(18.1%), and 47 (32.6%) patients had immunoscores of
10, 11, 12, I3, and I4, respectively. In the LNM + group,
19 (18.1%), 13 (12.4%), 46 (43.8%), 18 (17.1%), and 9
(8.6%) patients had immunoscores of 10, 11, 12, I3, and
14, respectively. The immunoscore was divided into
three categories: low, intermediate and high. In the
LNM +group, 32 (30.5%), 46 (43.8%) and 27 (25.7%)

A
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patients had low, intermediate and high immunoscores,
respectively; in the LNM- group, these numbers were
18 (12.5%), 53 (36.8%) and 73 (50.7%). There was a sig-
nificant difference between the two groups (p<0.01).
This result indicates that the immunoscore is associated
with LNM. A flow chart showing the construction of the
immunoscore is shown in Fig. 2.

Univariate and multivariate analyses of LNM

and nomogram construction

The univariate analysis revealed that T3-4 (OR, 3.838;
95% CI,1.265-11.642, p=0.018), lymphatic invasion
(OR, 3.905; 95% CI1,2.131-7.154, p<0.01), vascular inva-
sion (OR,3.507; 95% CIL,1.939-6.344 p<0.01), perineu-
ral invasion (OR, 1.983; 95% CI1,1.128-3.487, p=0.017),
mucus adenocarcinoma and signet-ring cell carcinoma
(OR, 2.632; 95% CI, 1.385-5.001, p=0.003), the collagen
score (OR, 5.596; 95% CI,2.189-14.306, p<0.01) and the
immunoscore [intermediate group (OR, 2.347; 95% CI,
1.298-4.243, p=0.005); low group (OR, 4.807; 95% ClI,

Immunoscore

cut-off value -« k,:) i 42000
LOW 8 B 3 41000
A
Based on Maximum - -
Youden index ensity(cell/mm?)

Fig. 2 Immunoscore construction flowcharts. A ROls in TC and IM were manually annotated. B The number and density of positively stained cells
were calculated. € The maximum Youden index of mean density was used as the cutoff value to distinguish ‘high’and low’immune responses. D
the CD3;, CD3,, CD8y¢, and CD8,, scores were added and converted into an immunoscore (10—I4)
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324.943, p<0.01)] were statistically significant with LNM
in CC. Moreover, the multivariate analysis indicated that
lymphatic invasion (OR: 3.892, 95% CI: 1.784-8.491,
p=0.001), vascular invasion (OR, 3.234, 95% CI: 1.544—
6.776); p=0.002), mucus adenocarcinoma and signet-
ring cell carcinoma (OR: 2.990, 95% CI: 1.413-6.328,
p=0.004), the collagen score (OR: 6.304, 95% CI: 2.145—
18.527, p=0.001) and the immunoscore [lintermedi-
ate group (OR, 2.473; 95% CI, 1.192-5.130; p=0.015);
low group (OR, 5.877; 95% CI, 2.423-14.257; p<0.01)]
were independent risk factors for CC LNM. We summa-
rized the univariate and multivariate logistic regression
analyses of LNM in Table 2. The VIF of each predictor
was< 10, and the tolerance was>0.1, indicating no mul-
ticollinearity in the traditional model. [24] No multicol-
linearity among these factors was observed (eTable 2
in supplement). A nomogram was constructed based
on these five independent factors (Fig. 3a). The newly
developed model showed good discrimination with an
AUROC of 0.809 (95% CI: 0.755-0.862), and the calibra-
tion curve showed good agreement between the nomo-
gram-estimated probability of LNM and the actual LNM
rate (Fig. 3c). The Hosmer—Lemeshow test demonstrated
a p=00.858, indicating no departure from a good fit.

Comparison between the traditional clinicopathologi-
cal nomogram and the new nomogram integrating clin-
icopathological features, collagen and immunoscores.

To illustrate the superiority of the new model, we
removed the immunoscore and collagen score. The tra-
ditional clinicopathological model was constructed based
on clinicopathological characteristics (Fig. 3b). After uni-
variate analysis, T category, histologic type, lymphatic
invasion, vascular invasion, and perineural invasion were
related to LNM (p<0.05). A further multivariate logistic
regression analysis showed that mucus adenocarcinoma
and signet-ring cell carcinoma (p<0.01, OR: 3.703, 95%
CI: 1.860-7.375), lymphatic invasion (p<0.01, OR: 3.226,
95% CI: 1.635-6.361), and vascular invasion (p=0.006,
OR: 2.651, 95% CI: 1.358-5.176) were positively corre-
lated with LNM (eTable 3 in the Supplement). There was
no multicollinearity among the independent risk factors
in the model (eTable 4 in the Supplement). Furthermore,
we developed an ROC curve to estimate the accuracy of
the model, which had an AUC of 0.715 (95% CI: 0.649—
0.780), implying moderate concordance. The calibration
curve showed that the nomogram was in good agree-
ment, with a Hosmer—Lemeshow test p value of 0.982
(Fig. 3d).

Compared with the traditional clinicopathological
model, the new model integrating clinicopathological
features, the collagen score and immunoscore, showed
a more robust ability to estimate the risk for CC LNM
(p<0.001) (Fig. 3e). The area under the ROC curve of the
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new model was 0.809 (95% CI: 0.755-0.862) and that of
the traditional model was 0.715 (95% CI: 0.649-0.780),
and this difference was significant (p<0.001). The sen-
sitivity, specificity, accuracy, PPV, and NPV of the new
model were 71.43%, 79.17%, 75.90%, 71.43% and 79.17%,
respectively. The sensitivity, specificity, accuracy, PPV,
and NPV of the old model were 71.42%, 63.89%, 67.07%,
59.06% and 75.41%, respectively (Supplementary eTa-
ble 5). A comparison of the DCA between the new model
and traditional model is shown in Fig. 3f. DCA demon-
strated that the nomogram might indicate a better net
benefit for determining LNM risk in CC than nontreat-
ment or all-treatment strategies. The new model was
superior to the traditional model.

Discussion

LNM status determines whether patients with CC need
lymphadenectomy after local excision. Local lymph
nodes should be removed from patients with advanced
CC to reduce the recurrence rate. The 5-year survival rate
of patients with stage III is over 20% lower than that of
those with stage II CC (59.5% vs. 82.5%). [26] Thus, LNM
status has an important impact on CC treatment and
management. [27]

In our study, the LNM rate among 249 CC patients
was 42.2% (105/249). We integrated the collagen score,
immunoscore and clinicopathological factors to con-
struct a model for analyzing LNM risk. After univariate
and multivariate analyses, lymphatic invasion, vascular
invasion, mucus adenocarcinoma and signet-ring cell
carcinoma, the collagen score and immunoscore were
independent risk factors for CC LNM. The AUROC of
the new model was 0.809, 95% CI: 0.755—-0.862, which
was significantly higher than that of the traditional model
(0.715, 95% CI: 0.649-0.780).

Tumors are not just a collection of single malignant
cells. Tumors also interact with their surrounding TME.
[28] Collagen is the main component of the TME ECM.
In the 1970s, Wolfe et al. found a relationship between
collagen fiber density and breast cancer. [29] Collagen
around normal epithelial structures in breast tissue is
usually coiled and smooth. [29] However, with the devel-
opment of tumors, collagen gradually thickens, linearizes
and hardens, promoting tumor migration and metastasis.
In 2007, Wyckoff et al. reported that breast cancer cells
and white blood cells migrate rapidly along collagen fib-
ers in vivo. [30] Collagen fibers are considered the “high-
way” of tumor escape, and the number and arrangement
of theses “highways” are directly involved in the migra-
tion process of tumor cells. [30] Fang et al. also observed
a linear invasion of these ‘highways’ in hepatocellular car-
cinoma. [31] Adur et al. mentioned that under physiolog-
ical conditions, collagen fibers were arranged at an angle
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Table 2 Univariate and multivariate logistic regression of LNM
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Variable Univariate Logistic Regression Multivariate Logistic regression
OR (95% Cl) p value OR (95% Cl) p value
Age (year)
<60 1 (Reference)
>60 1.616(0.974-2.682) 0.063
Sex
Male (%) 1 (Reference)
Female (%) 0.633(0.325-1.233) 0.179
BMI
<24 1 (Reference)
>24 0.827 (0.459-1.487) 0.525
ASA
1 1 (Reference)
2 1.564 (0.815-3.004) 0.179
3 2.000 (0.671-5.961) 0213
Preoperative serum CEA (ng/ml)
<5 1 (Reference)
>5 1464 (0.753-2.849) 0.261
Lymphadenectasis on CT
<10 mm 1 (Reference)
>10mm 0.557 (0.261-1.189) 0.130
Size (cm)
<5 1 (Reference)
>5 0.775 (0.466-1.289) 0.326
Location
Left-sided colon 1 (Reference)
Right-sided colon 1.579 (0.934-2.670) 0.087
T category
T1-2 1 (Reference)
T3-4 3.838(1.265-11.642) 0018
Differentiation
Well 1 (Reference)
Moderate 1.624 (0.547-4.815) 0.382
Poor 2480 (0.779-7.893) 0.124
Histologic type
Adenocarcinoma 1 (Reference)
Mucus adenocarcinoma and signet-ring  2.632(1.385-5.001) 0.003 2.990(1.413-6.328) 0.004
cell carcinoma
Lymphatic invasion
Negative 1 (Reference)
Positive 3.905 (2.131-7.154) <0.01 3.892(1.784-8.491) 0.001
Vascular invasion
Negative 1 (Reference)
Positive 3.507 (1.939-6.344) <0.01 3.234(1.544-6.776) 0.002
Perineural invasion
Negative 1 (Reference)
Positive 1.983 (1.128-3.487) 0.017
Budding
Mild 1 (Reference)
Moderate 1.170(0.499-2.743) 0.718
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Table 2 (continued)
Variable Univariate Logistic Regression Multivariate Logistic regression
OR (95% Cl) p value OR (95% Cl) p value
Marked 1.923 (0.964-3.833) 0.063
Collagen score 5.596 (2.189-14.306) <0.01 6.304 (2.145-18.527) 0.001
Immunoscore <0.01
High 1 (Reference) 1 (Reference) 1
Intermediate 2.347(1.298-4.243) 0.005 2473(1.192-5.130) 0.015
Low 4.807(2.324-9.943) <0.01 5.877(2423-14.257) <0.01

of 10° in the epithelial matrix of the intestinal mucosa,
while in colorectal tumors, collagen fibers were thicker
and arranged at an angle of 50°. [32] However, it was
still unclear whether the change in collagen fibers would
promote LNM in CC. In our research, we used mul-
tiphoton imaging technology to quantitatively analyze
collagen, one of the main components of the ECM, and
constructed a collagen score. [33] The collagen score was
closely related to LNM (OR: 6.304, 95% CI: 2.145-18.527,
p<0.01). The collagen score included two morphological
parameters (fiber width and crosslink space), one inten-
sity parameter (kurtosis) and seven texture parameters.
Immune cell infiltration, especially antitumor type I
lymphocyte infiltration, predicts prognosis in many dif-
ferent tumor types, including CC, ovarian cancer, lung
cancer and breast cancer. [34—37] The immunoscore
was based on the level of CD3 and CD8 T lymphocyte
infiltration of the TME. The analysis of solid tumor
tissue IHC is the gold standard for evaluating tumor
immune infiltration as it allows accurate quantification
of the type, density and location of immune cells. [38,
39] To date, more attention has been paid to the prog-
nostic role of CD3+and CD8+lymphocyte density
in TC and IM represented by immunohistochemistry
(IHC) staining intensity. [13, 15, 40—42] Although there
was a consensus that the immunoscore was associated

(See figure on next page.)

with the CC patient prognosis, [15] it had not pre-
viously been used to analyze CC LNM risk. In our
study, we found that the immunoscore was correlated
with LNM in CC. The higher the immunoscore was,
the less prone to the CC was to LNM. For early-stage
colorectal cancer (stages I-II), a higher Immunoscore
was observed, whereas for late-stage colorectal cancer
(stage III), the Immunoscore was lower. This is consist-
ent with the the findings of Pages F et al’s study. [15]

This effect might be related to the activation of a highly
invasive antitumor immune response to cancer cells in
the high immunoscore group.

In this research, vascular invasion, lymphatic invasion,
histologic type and the immunoscore were classified vari-
ables, and the collagen score was a continuous variable.
The new model was constructed based on these five fac-
tors. For example, in a patient without lymphatic and
vascular invasion, adenocarcinoma, a high immunoscore
and a collagen score of —1.6, the risk for LNM was less
than 0.1. If a patient had lymphatic invasion, vascular
invasion, signet-ring cell carcinoma and mucinous ade-
nocarcinoma, a low immunoscore and a collagen score
of 0.6, they had a probability of LNM over 0.9. Therefore,
the nomogram could intuitively and conveniently evalu-
ate the risk for LNM in CC patients. The decision curve

Fig. 3 Comparison of the new model and traditional model. A Nomogram for estimating LNM in CC based on the collagen score

and immunoscore. The probability of LNM involvement in CC was weighed. A line was drawn to the point on the axis for either of

the following parameters: vascular invasion, lymphatic invasion, histologic type, immunoscore and collagen score. The scores of either variable
were summed and located on the total point line. Next, a vertical line was projected from the total point line to the predicted probability bottom
scale to obtain the individual probability of LNM involvement. B Nomograms constructed from clinicopathological features. C Calibration curve

of the new model. The diagonal dotted line represents a perfect prediction by an ideal model. The other dotted line represents the performance

of the nomogram. The solid line represents the bias-corrected performance of the nomogram. The calibration curve of the nomogram had a mean
absolute error of 0.01. D Calibration curve of the traditional model. The calibration curve of the nomogram had a mean absolute error of 0.028. E
Comparison of ROC curves between the traditional and new predictive models. The area under the ROC curve of the new model and the traditional
model was 0.809 (95% Cl: 0.755-0.862) and 0.715 (95% Cl: 0.649-0.780), respectively, and there was a significant difference between them (p <0.01).
F Comparison of decision curve analysis between the traditional and new models. The x axis indicates the threshold probability, and the y axis
indicates the net benefit. The black line represents the assumption that no patient had LNM, and the gray line represents the assumption that all
patients had LNM. The red line represented the new model. The blue line represented the traditional model
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showed that the model could provide more net benefits

than stratifying by all treatments or no treatment.

Compared with the traditional clinicopathological
model based on vascular invasion, lymphatic invasion
and histologic type, the new model integrating clin-
icopathological features, the collagen score and immu-
noscore performed better (AUROC: 0.809, 95% CI:
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0.755-0.862 vs. 0.715, 95% CI: 0.649-0.780, p<0.001).
The overall accuracy of the new model was improved
from 67.07% to 75.90%, the sensitivity was improved from
71.42% to 71.43%, and the specificity was improved from
63.89% to 79.17%. This indicates that the collagen score
and immunoscore play an important role in CC LNM.
In short, the TME collagen score and immunoscore are
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associated with CC LNM. Integrating the collagen score,
immunoscore, and clinicopathological features enables
individualized prediction of the probability of lymph
node metastasis (LNM) in colon cancer, assisting clini-
cians in precisely performing surgical interventions and
planning postoperative adjuvant therapies.

Limitations

This study has limitations. First, it was retrospective in
nature, and all specimens were acquired from 1 medi-
cal center in China; thus, potential bias was inevitable.
A prospective, multicenter trial is needed to validate the
performance of collagen score and immunoscore. Sec-
ond, the underlying mechanism of the collagen score and
immunoscore for the association with CC LNM remains
unclear; therefore, further investigations are needed to
better understand the role of collagen score and immu-
noscore in CC LNM. Third, the purpose of this study was
to investigate the association of the tumor microenviron-
ment collagen score and immunoscore with colon cancer
lymph node metastasis. Therefore, the primary outcome
and end point was lymph node metastasis collected from
post-operative pathological report. We did not collect
follow-up survival. This is also a limitation of this study.
Fourth, recent studies reported detection rates of vascu-
lar invasion ranging from 19 to 34% [6, 43—45]. The rate
of vascular invasion in our study was 26.1% (65/249). This
discrepancy may be due to differences in pathological
assessment criteria or interpretation by pathologists at
different institution need for external validation.

Conclusions
In summary, the TME collagen score and immunoscore
are associated with LNM in CC.

Abbreviations

CcC Colon cancer

LNM Lymph node metastasis

TME Tumor microenvironment

ECM Extracellular matrix

Immunoscore  Immune scoring system

FFPE Formalin-fixed paraffin-embedded

[TBCC International Tumor Budding Consensus Conference

H&E Hematoxylin—eosin

SHG/TPEF Two-photon  fluorescence  excitation/second  harmonic
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LASSO Least-absolute shrinkage and selection operator

TC Tumor center

IM Invasion margin

OR Odds ratio

cl Confidence interval

VIF Variance inflation factor

AUROC Area under the receiver operating characteristic curve
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PPV Positive predictive value

NPV Negative predictive value
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