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Abstract: Objective: To investigate the application value of computed tomography (CT)-derived extracellular volume
fraction (ECV) for predicting microsatellite instability (MSI) status in colorectal cancer (CRC). Methods: We enrolled a
total of 121 consecutive patients with CRC who underwent curative resection. Prior to surgery, each patient under-
went a contrast-enhanced CT scan for ECV quantification. MSI status was determined by immunohistochemistry or
polymerase chain reaction. Univariate and multivariate techniques of logistic regression analysis were conducted
to find the independent predictors. Three predictive models were developed and compared: ECV-only, clinical, and
combined. Model performance was assessed using receiver operating characteristic curves, DelLong test, calibra-
tion curves, and decision curve analysis. Results: The mean ECV% of the MSI-high group (n = 28) was significantly
higher than that of the MSS group (n = 84) (P<0.001). Significant difference was noted among MSI-H, MSI-L (n =
9), and MSS groups (F = 8.37; P<0.001). Based on multivariate analysis, tumor diameter =5 cm, NO stage and
higher ECV% were independent predictors. As per the results, the combination model had an AUC of 0.81 (95% ClI:
0.72-0.90), which was higher than the other models but the differences were statistically not significant (P = 0.051
and P = 0.135). The model demonstrated solid calibration and positive net clinical benefit between 10% and 80%
threshold probabilities. Conclusion: CT derived ECV is significantly associated with MSI status in CRC. A non-invasive
preoperative model for predicting microsatellite instability that combines ECV, tumor diameter and N stage has a
promising diagnostic accuracy.
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Introduction mors have a significant increased rate of objec-
tive responses to PD-1/PD-L1 inhibitor therapy
as compared to patients with MSlI stable (MSS)/
mismatch repair-proficient (PMMR) tumors [6,

7]. Thus, accurate preoperative evaluation of

The incidence and death rate of colorectal can-
cer (CRC) is high all over the world [1]. As the
Global Burden of Disease report states, 1.9

million new cases of CRC were diagnosed in
2020 and this number will likely reach 3.2 mil-
lion by 2024 [2]. In recent years, with the deep-
ening of the concept of precision medicine,
molecular subtyping of tumours has exerted a
decisive influence on personalized treatment
decision-making and prognostic prediction [3,
4]. Microsatellite instability (MSI) is an impor-
tant molecular signature of CRC, which is a
major biomarker for the screening of Lynch syn-
drome, and is strongly correlated with immuno-
therapy efficacy and prognosis [5, 6]. Studies
show that patients with MSI-high (MSI-H) tu-

the MSI status has important clinical signifi-
cance for personalized treatment strategies.
Currently, the techniques for MSI detection
especially gene sequencing or immunohisto-
chemical detection have specifications. They
are used in the advanced clinical detection.
However, there are some limitations to the
operation complexity, high cost and sample col-
lection dependence.

The Extracellular Volume Fraction (ECV), as an
imaging parameter for quantitatively evaluating
the interstitial components of tissues, has dem-
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onstrated unique value in the study of the
tumor microenvironment [8]. ECV, when com-
bined with CT contrast enhancement and cor-
rected for serum iodine concentration, can
reflect pathophysiological alterations such as
tumor stromal fibrosis, oedema, and angiogen-
esis [9]. Studies have shown that MSl is closely
related to the immune microenvironment of
CRC, which may lead to characteristic changes
in ECV values [10, 11]. Previous studies have
confirmed that ECV has significant value in the
pathological classification and prognosis ass-
essment of malignant tumors such as liver can-
cer and lung cancer [12, 13]. However, there
are limited reports on the role of ECV in the
determination of MSI status in CRC, and the
potential association mechanism between it
and the tumor immune microenvironment and
genetic instability still needs to be explored.

Based on the above background, this study
aims to deeply explore the application value of
ECV based on CT in predicting the microsatel-
lite state of CRC. We hypothesize that due to its
lymphocyte-rich microenvironment characteris-
tics, the ECV value of MSI-H type CRC will be
significantly different from that of MSS type
tumors. The results of this study are expected
to provide a non-invasive and convenient MSI
status screening tool based on conventional CT
examination for clinical practice, thereby offer-
ing important imaging evidence for the molecu-
lar typing of colorectal cancer patients and the
early formulation of individualized treatment
strategies without the need for additional inva-
sive operations.

Materials and methods
Research subjects

This retrospective study consecutively enrolled
patients with colorectal cancer who were diag-
nosed at Nanchang People’s Hospital and
Xunwu People’s Hospital, and underwent cura-
tive resection between January 2018 and Mar-
ch 2025. After rigorous screening, 121 patients
were included in the final analysis. The study
protocol complied with the principles of the
Declaration of Helsinki and was approved by
the Medical Ethics Committee of Nanchang
People’s Hospital.

Inclusion and exclusion criteria

All patients met the following inclusion criteria:
(1) postoperative pathology confirmed primary
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CRC; (2) patients who completed an enhanced
abdominal CT scan within one month before
the operation; (3) postoperative tissue speci-
mens were detected by immunohistochemistry
(IHC) or polymerase chain reaction (PCR) to
determine the MSI status; (4) patients with
complete clinical and postoperative care data.
The exclusion criteria for patients are as fol-
lows: (1) patients who received radiotherapy,
chemotherapy, targeted therapy or immuno-
therapy before the operation; (2) patients with
poor CT image quality; (3) patients with other
malignant tumors or systemic diseases.

CT examination and ECV measurement

All patients underwent abdominal enhanced CT
scans using a GE Revolution 256-slice spiral
CT. Scan parameters: Tube voltage of 120 kV,
tube current using automatic tube current mod-
ulation (Care Dose 4D), slice thickness of 0.625
mm, slice interval of 0.625 mm, matrix of
512x512, and field of view (FOV) of 350-400
mm. Enhanced scan protocol: Non-ionic con-
trast agent (iohexol, 350 mgl/mL) was injected
via the antecubital vein at a rate of 3.0-3.5
mL/s with a dose of 1.5 mL/kg. Three-phase
scans were performed at 30-35 s (arterial
phase), 60-70 s (portal venous phase), and
120-150 s (delayed phase) after injection, res-
pectively. The original image data were trans-
mitted to the AW 4.7 post-processing worksta-
tion for multiplanar reconstruction (MPR) to
clearly display the tumor lesions.

ECV measurement was independently complet-
ed by two radiologists with more than 5 years
of experience in abdominal imaging diagnosis
using the double-blind method. Disagreements
were resolved through departmental consulta-
tion. Specific steps: (1) On the portal venous
phase images, three regions of interests (ROIs)
(area of 20-30 mm?) were selected in the tumor
parenchyma, avoiding necrotic areas, calcifica-
tions, blood vessels, and intestinal contents;
(2) One ROI was selected in the abdominal
aorta at the same level as a reference for arte-
rial blood pool, and one ROl was selected in the
erector spinae muscle as a reference for nor-
mal soft tissue; (3) The pre-contrast CT value
(HUpre) and post-contrast CT value (HUenh) of
each ROl were extracted using the quantitative
analysis software built into the workstation; (4)
ECV was calculated according to the formula:
ECV = (1 - Hcet) x (HUenh - HUpre)tumor/(HUenh
- HUpre) arterial blood pool, where Hct was the
hematocrit value detected by routine blood test
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on the day of the patient’s examination. Finally,
the average ECV value of the three tumor ROIs
was taken as the final ECV value of the patient.
Inter- and intra-observer agreement were ass-
essed using the intraclass correlation coeffi-
cient (ICC), with ICC>0.75 indicating good con-
sistency.

MSI status detection and grouping

The postoperative tumor tissues were used to
determine the MSI status following standard
clinical protocols [14]. An initial screening was
performed using immunohistochemistry (IHC)
for four mismatch repair [15, 16]. Any loss of
protein expression will be classified as MMR
deficient (dAMMR) and has been considered
equivalent to MSI-high (MSI-H). To confirm the
MSI status of cases with intact protein expres-
sion, analysis by polymerase chain reaction
(PCR) of standard microsatellite loci was con-
ducted [17]. Patients were classified as MSI-H
if they exhibit high instability and identified as
microsatellite stable (MSS) if they exhibit low
instability or stability. For the statistical analy-
ses, the MSI cohort only included the MSI-H
cases (n = 28), while the MSS cohort consisted
of both MSS and MSI-L cases (n = 93).

Data collection

The following data were extracted from the
electronic medical record system: (1) Demo-
graphic characteristics: age, gender, BMI; (2)
Tumor characteristics: location (right colon/left
colon/rectum), size (maximum diameter), TNM
staging (per the 8th edition of the American
Joint Committee on Cancer (AJCC) Cancer Stag-
ing Manual) [18], differentiation grade (moder-
ately/highly differentiated vs. poorly differenti-
ated), lesion type (ulcerative vs. non-ulcerative),
and vascular invasion (present vs. absent); (3)
Laboratory indicators: preoperative haemato-
crit, carcinoembryonic antigen (CEA), and car-
bohydrate antigen 19-9 (CA19-9) levels.

Statistical analysis

Statistical analyses were performed using
SPSS 26.0 (IBM Corp., Armonk, NY, USA) and R
4.2.1 (R Foundation for Statistical Computing,
Vienna, Austria), with a two-tailed P<0.05 con-
sidered statistically significant. Continuous va-
riables were tested for normality via Shapiro-
Wilk test; normally distributed data were ex-
pressed as mean + standard deviation (X £ S)
and compared using independent samples
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t-test, while non-normally distributed data were
presented as median (interquartile range) [M
(Q1, Q3)] and analyzed with Mann-Whitney U
test. Categorical variables were described as n
(%) and compared using x? test or Fisher’s exact
test as appropriate. Intraclass correlation coef-
ficient (ICC) >0.75 indicated good intra- and
inter-observer consistency for ECV measure-
ments. For subgroup analyses comparing ECV%
among MSI-H, MSI-L, and MSS groups, one-
way ANOVA was used to assess overall differ-
ences, followed by LSD-t test for post-hoc pair-
wise comparisons when the ANOVA result was
statistically significant. Univariate Logistic re-
gression screened variables for three predic-
tion models: Model A (ECV alone), Model B (clin-
ical indicators, backward stepwise multivariate
Logistic regression), and Model C (ECV + Mo-
del B independent factors). Receiver operating
characteristic (ROC) curves, Delong test, cali-
bration curves (Hosmer-Lemeshow test), and
bootstrap validation (1,000 repetitions) ev-
aluated model performance. Restricted cubic
splines (RCS) were used to analyze the nonlin-
ear association between ECV and MSI risk
(adjusted for age and gender), and decision
curve analysis (DCA) was used to analyze clini-
cal net benefit.

Results

Patient demographics and baseline character-
istics

A total of 121 CRC patients were included in
this study. The cohort comprised 68 (56.20%)
males and 53 (43.80%) females, with a mean
age of 65.07 + 13.21 years. According to the
postoperative MSI status, patients were cate-
gorized into an MSS group (n = 93) and an MSI
group (n = 28). The comparison of baseline
clinical-pathological features between the two
groups is summarized in Table 1. Patients in
the MSI group had a higher proportion of
tumors with a diameter 25 cm (71.43% vs.
37.63%, P = 0.002), were more likely to have
right-sided colon cancers (71.43% vs. 49.46%,
P =0.041), and had a lower proportion of lymph
node metastases (N1-2 stage: 28.57% vs.
60.22%, P = 0.003).

Comparison of ECV% between MSS and MSI
groups

CT-derived ECV% was successfully measured in

all patients with excellent inter- and intra-ob-
server agreement (ICC>0.85). Representative
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Table 1. Baseline characteristics of colorectal cancer patients stratified by microsatellite instability

status

Variables Total (n=121) MSS group (n =93) MSI group (n = 28) Statistic P

Age, Mean + SD 65.07 £ 13.21 64.34 + 13.69 67.50 + 11.37 t=-1.11 0.270

Gender, n (%) x>=0.30 0.583
Female 53 (43.80) 42 (45.16) 11 (39.29)
Male 68 (56.20) 51 (54.84) 17 (60.71)

Tumor diameter, n (%) x>=9.91 0.002
<5cm 66 (54.55) 58 (62.37) 8 (28.57)
>5 cm 55 (45.45) 35 (37.63) 20 (71.43)

Tumor location, n (%) x>=419 0.041
Left 55 (45.45) 47 (50.54) 8(28.57)
Right 66 (54.55) 46 (49.46) 20 (71.43)

Lesion type, n (%) x>=0.34 0.561
Non-ulcerative 62 (51.24) 49 (52.69) 13 (46.43)
Ulcerative 59 (48.76) 44 (47.31) 15 (53.57)

Differentiated degree, n (%) x>=245 0.117
Moderately/highly 95 (78.51) 76 (81.72) 19 (67.86)
Low 26 (21.49) 17 (18.28) 9(32.14)

Vascular invasion, n (%) x>=011 0.745
No 79 (65.29) 60 (64.52) 19 (67.86)
Yes 42 (34.71) 33(35.48) 9(32.14)

T stage, n (%) x>=0.00 1.000
T, 18 (14.88) 14 (15.05) 4 (14.29)
T, 103 (85.12) 79 (84.95) 24 (85.71)

N stage, n (%) x>=8.65 0.003
N, 57 (47.11) 37 (39.78) 20 (71.43)
N,, 64 (52.89) 56 (60.22) 8 (28.57)

CEA, n(%) =173 0.189
<5 ng/mL 65 (563.72) 53 (56.99) 12 (42.86)
>5 ng/mL 56 (46.28) 40 (43.01) 16 (57.14)

CA199, n(%) x>=1.37 0.243
<28 U/mL 72 (59.50) 58 (62.37) 14 (50.00)
>28 U/mL 49 (40.50) 35 (37.63) 14 (50.00)

Abbreviations: MSI, microsatellite instability; MSS, microsatellite stable; SD, standard deviation; CEA, carcinoembryonic anti-

gen; CA19-9, carbohydrate antigen 19-9.

CT images demonstrating ECV% measurement
in MSI and MSS tumors are shown in Figure 1.
The mean ECV% was significantly higher in the
MSI group compared to the MSS group (36.15%
+6.42% vs. 30.82% + 5.91%, P<0.001) (Figure
2).

Subgroup analysis of ECV% across MSI-H, MSI-
L, and MSS groups

To further explore the biological gradient of

ECV, a subgroup analysis was carried out to
compare the ECV values of the MSI-H (n = 28),
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MSI-L (n = 9), and MSS (n = 84) groups. The
mean ECV% was found to be 36.15% * 6.42%
in the MSI-H group, 31.29% + 3.28% in the
MSI-L group and 30.76% + 6.14% in the MSS
group. The study found that the means of the
three groups were significantly different (F =
8.37, P<0.001). Results of post-hoc pairwise
comparisons with LSD-t test reveal that ECV%
of MSI-H tumors was significantly higher than
that of MSI-L tumors (P = 0.039) and MSS
tumors (P<0.001). No statistically significant
difference was observed between MSI-L and
MSS groups (P = 0.804) (Figure 3). These
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Association between ECV%
and MSI risk

A dose-response relationship
between ECV% and the risk of
MSI was evaluated using res-
tricted cubic spline analysis,
with adjustment for age and
gender (Figure 4). The overall
association was statistically
significant (P for overall =
0.005), indicating that the pro-
bability of MSI increased with
rising ECV%. No evidence of
a non-linear relationship was
detected (P for non-linearity =
0.764).

Identification of independent
clinical predictors for MSI
status

Figure 1. Representative CT images of ECV measurement in MSS and MSI
colorectal cancer. A, B. Pre-contrast and portal venous phase CT images
of an MSS tumor (rectal anterior wall) with an ECV of 28.8%; C, D. Pre-
contrast and portal venous phase CT images of an MSI tumor (ascending
colon anterior wall) with an ECV of 42.9%. Abbreviations: ECV, extracellular
volume fraction; MSS, microsatellite stable; MSI, microsatellite instability;
CT, computed tomography.

604 P<0.001

L3

MSS Group MSI Group

ECV%

Figure 2. Comparison of CT-derived ECV between
MSS and MSI groups. Abbreviations: ECV, extracellu-
lar volume fraction; MSS, microsatellite stable; MSI,
microsatellite instability; CT, computed tomography.

results indicate that a biological gradient for
extracellular volume fraction exists across the
MSI spectrum; specifically, interstitial changes
were most pronounced in MSI-H tumors and
less heightened in MSI-L tumors that did not
differ significantly from MSS tumors.
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Univariate and multivariate
Logistic regression analyses
were conducted to screen cli-
nical factors associated with
MSI status (Table 2). In the uni-
variate Logistic regression an-
alysis, tumor diameter (=5 cm vs. <5 cm: OR =
4.14, 95% CI: 1.65-10.41, P = 0.002), tumor
location (right vs. left: OR = 2.55, 95% CI: 1.02-
6.38, P =0.045), and N stage (N1-2 vs. NO: OR
=0.26, 95% CI: 0.11-0.66, P = 0.005) were sig-
nificantly associated with MSI status (P<0.05).
These variables were further included in the
multivariate Logistic regression analysis using
the backward stepwise method. Finally, tumor
diameter (=5 cm vs. <5 cm: OR = 4.19, 95% ClI:
1.61-10.87, P = 0.003) and N stage (N1-2 vs.
NO: OR = 0.26, 95% Cl: 0.10-0.68, P = 0.006)
were identified as independent predictive fac-
tors for MSI status, forming the clinical predic-
tion model.

Development and presentation of a combined
prediction model incorporating ECV%

A multivariate logistic regression analysis of
ECV% value with the two independents clinical
predictors mentioned above (tumor diameter, N
stage) was conducted to derive a combined
predictive model (Table 3). According to this
combined model, independent predictors of
active contralateral disease include higher
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Figure 3. Comparison of CT-derived ECV% among
MSI-H, MSI-L, and MSS subgroups. P values for pair-
wise comparisons were derived from LSD-t test. Ab-
breviations: ECV, extracellular volume fraction; MSI-
H, microsatellite instability-high; MSI-L, microsatellite
instability-low; MSS, microsatellite stable.

ECV% (OR = 1.15, 95% CI: 1.05-1.26, P =
0.002), tumor diameter 25 cm (OR = 3.59, 95%
Cl: 1.30-9.87, P =0.013), and N1-2 stage (OR =
0.24, 95% Cl: 0.08-0.67, P = 0.006). In order to
facilitate its use in clinical practice, we created
a nomogram that uses these three variables
to estimate the individual probability of MSI
visually (Figure 5).

Diagnostic performance and comparison of
the three prediction models

The diagnostic performance of the three mod-
els was evaluated using ROC analysis (Figure
6A). The combined model demonstrated the
highest predictive efficacy with an AUC of 0.81
(95% CI: 0.72-0.90). The clinical model (AUC =
0.74, 95% CI: 0.62-0.85) and the ECV-only
model (AUC = 0.73, 95% Cl: 0.61-0.84) exhibit-
ed comparable performance. Pairwise compar-
ison of the AUCs using DelLong’s test (Table 4)
revealed that the AUC of the combined model
was numerically higher than that of the clinical
model (difference = 0.076, P = 0.051) and the
ECV-only model (difference = 0.084, P=0.135),
though these differences did not achieve sta-
tistical significance and should be interpreted
with caution. No significant difference was fo-
und between the clinical model and the ECV-
only model (AUC difference = 0.008, P =0.930).

Calibration and internal validation of the com-
bined prediction model

The calibration curve of the combined model
showed good agreement between the predict-
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P for overall = 0.005
154 P for Nonlinear = 0.764
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Figure 4. Restricted cubic spline analysis of the dose-
response relationship between ECV and MSI risk. Ab-
breviations: ECV, extracellular volume fraction; MSI,
microsatellite instability; OR, odds ratio; Cl, confi-
dence interval.

ed probability and the actual observed frequen-
cy of MSlI status, which was confirmed by a non-
significant Hosmer-Lemeshow test (P = 0.511)
(Figure 6B). Internal validation using the boot-
strap resampling method (1,000 repetitions)
further confirmed the robustness of the model,
yielding an optimism-corrected AUC of 0.86
(95% CI: 0.82-0.90) (Figure 7A). The calibration
curve after internal validation also indicated
excellent fit (Hosmer-Lemeshow P = 0.807)
(Figure 7B).

Clinical utility of the combined prediction
model

Decision curve analysis was performed to
assess the clinical net benefit of the combined
prediction model across a range of threshold
probabilities (Figure 8). The analysis demon-
strated that using the combined model to guide
clinical decisions would provide a net benefit
over the strategies of “treating all” or “treating
none” when the risk threshold for considering a
patient as high-risk for MSI is between 10%
and 80%. This indicates the potential clinical
utility of the model for non-invasive MSI screen-
ing in a substantial portion of the patient
population.

Discussion

CRC is a malignant tumor with a persistently
high incidence and mortality rate worldwide
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Table 2. Univariate and multivariate logistic regression analysis of clinical factors associated with

microsatellite instability in colorectal cancer

) Univariate Multivariate
Variables
B S.E. Z P OR (95% ClI) B S.E. YA P OR (95% Cl)
Age 0.02 0.02 1.11 0.268 1.02(0.99-1.05)
Gender
Female 1.00 (Reference)
Male 0.24 0.44 055 0.583 1.27(0.54-3.01)
Tumor diameter
<5¢cm 1.00 (Reference) 1.00 (Reference)
>5cm 142 047 3.02 0.002 4.14(1.65-10.41) 143 0.49 294 0.003 4.19(1.61-10.87)
Tumor location
Left 1.00 (Reference)
Right 094 0.47 2,01 0.045 2.55(1.02-6.38)
Lesion type
Non-ulcerative 1.00 (Reference)
Ulcerative 0.25 0.43 0.58 0.562 1.28(0.55-3.00)
Differentiated degree
Moderately/highly 1.00 (Reference)
Low 0.75 0.49 155 0.122 2.12(0.82-5.48)
Vascular invasion
No 1.00 (Reference)
Yes -0.15 0.46 -0.33 0.745 0.86(0.35-2.12)
T stage
T, 1.00 (Reference)
Tos 0.06 0.61 0.10 0.920 1.06(0.32-3.54)
N stage
N, 1.00 (Reference) 1.00 (Reference)
N, -1.33 0.47 -2.84 0.005 0.26(0.11-0.66) -1.34 0.49 -2.75 0.006 0.26(0.10-0.68)
CEA
<5 ng/mL 1.00 (Reference)
>5 ng/mL 0.57 0.44 131 0.491 1.77(0.75-4.15)
CA199
<28 U/mL 1.00 (Reference)
>28 U/mL 051 043 116 0.245 1.66(0.71-3.88)

Abbreviations: B, regression coefficient; S.E., standard error; OR, odds ratio; Cl, confidence interval; CEA, carcinoembryonic antigen; CA19-9,

carbohydrate antigen 19-9.

[19]. Precise molecular typing is of decisive sig-
nificance for the formulation of individualized
treatment plans and prognosis assessment
[20]. Among them, MSI, as a key molecular
marker of CRC, is closely related to the thera-
peutic efficacy and prognosis [21]. The ECV, as
an imaging parameter quantifying the composi-
tion of the tissue interstitium, has demonstrat-
ed value in the pathological classification and
prognostic assessment of malignant tumors
such as hepatocellular carcinoma and lung
cancer [22, 23]. However, its application in
determining MSI status in CRC remains to be
clarified. This retrospective analysis of clinical
and imaging data from 121 colorectal cancer
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patients revealed significantly higher ECV val-
ues in the MSI group compared to the MSS
group. Furthermore, ECV demonstrated a linear
correlation with MSI risk. A further constructed
combined predictive model incorporating ‘ECV
+ tumor diameter + N staging’ achieved an AUC
of 0.81 which increased to 0.86 (95% Cl: 0.82-
0.90) after internal validation via Bootstrap
sampling. This model demonstrated significant
clinical net benefit within the 0.1-0.8 high-risk
threshold range, offering a novel non-invasive
approach for assessing MSI status in CRC.

The result of a significant increase in ECV val-
ues in the MSI group in this study can be ex-
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Table 3. Multivariate Logistic regression analysis of the combined

prediction model for MSI status

to expanded extracellular spa-
ce in the tissues which is re-

flected as greater ECV values.

Variables B SE Z P OR (95% Cl) a8
Intercept 597 158 -3.77 <0.001 0.00 (0.00-0.06) The findings by Zhang et al. [9]
. predict the tumor-to-stroma

Tumor diameter ratios in CRC. They show that
<5cm 1.00 (Reference) the ECV value indirectly corre-
>5 cm 128 052 247 0013 3.59 (1.30-9.87) lates with the biological be-
N stage havior of the tumor. This is by
N, 1.00 (Reference) reflecting the extent of stromal
N, 144 053 -2.72 0006 0.24 (0.08-0.67) fibrosis. Moreover, RCS analy-
ECV 014 005 3.07 0.002 1.15(1.05-1.26) sis of ECV showed a linear

Abbreviations: B, regression coefficient; S.E., standard error; OR, odds ratio; Cl,

confidence interval; ECV, extracellular volume fraction.
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ECV% r T T T T T T T 1
50 40 30 20 10
No
N stage —

. >5cm
Tumor diameter
<5cm

Total Points ~ peeeerrerrrepreperprereeepreey

Linear Predictor r T T T T T

Risk —T— 71—
02 04 06 08

Figure 5. Nomogram of the combined prediction
model for predicting MSI status in colorectal cancer.
Abbreviations: ECV, extracellular volume fraction;
MSI, microsatellite instability.

plained by the pathophysiological mechanism
of the tumor microenvironment. Previous stud-
ies have demonstrated that MSI-H colorectal
cancer exhibits an immune microenvironment
characterized by ‘abundant lymphocytic infiltra-
tion’ [24, 25]. Tumor cells accumulate numer-
ous mutations due to mismatch repair defects,
generating tumor-associated antigens that acti-
vate the body’s anti-tumor immune response
[26]. This leads to the recruitment of substan-
tial numbers of immune cells (such as CD8+ T
cells and macrophages) to the tumor stro-
ma, accompanied by increased stromal fibrosis
and abnormal angiogenesis [27]. Through en-
hanced CT scanning in conjunction with serum
iodine concentration correction, ECV can quan-
titatively reflect the proportion of interstitial tis-
sue components [28]. Greater infiltration of
immune cells and stromal fibrosis directly leads
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association with MSI risk, po-
inting towards elevated ECV
values being a dose-depen-
dent feature of MSI status. The
study findings provide further justification for
the use of ECV as a MSI assessment measure.
Earlier studies were only concerned with wheth-
er differences exist or not, failing to consider
the underlying pattern responsible.

In terms of model construction and compari-
son, this study combines ECV with clinicopatho-
logical features for a comprehensive analysis.
From a clinical perspective, this study found
that the MSI group exhibited a higher propor-
tion of tumors with a diameter >5 cm, a greater
incidence in the right-sided colon, and a hig-
her prevalence of NO staging. These results
are consistent with previous research findings.
Fujiyoshi et al. [29] reported an independent
predictor of MSI-H status in CRC patients with a
tumor diameter of 26 cm. Karavin et al. [30]
found through a study of 101 CRC patients that
tumors in MSI-H type patients were more likely
to occur in the right colon, and there was statis-
tical significance. In addition, Lu et al. [31] also
found a significant association between MSI
and tumor location, tumor diameter, and lym-
phatic metastasis, which is similar to the
results of this study. It is worth noting that the
N, , stage is negatively correlated with the MSI
status, meaning that lymph node metastasis is
less common in MSI-type CRC. This result sup-
ports the clinical observation that MSI-H-type
CRC may have relatively inert biological behav-
ior [32]. In addition, Wang et al. [33] found that
the MSI group had more tertiary lymphocyte
structures and higher maturity, as well as a
higher proportion of CD8+ T cells, which they
speculated might be related to the activation of
the local anti-tumor immune response promot-
ed by MSI. When ECV is combined with these
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Figure 6. Performance evaluation of the prediction models. A. ROC curves
of the ECV-only model (AUC = 0.73), clinical model (AUC = 0.74), and com-
bined model (AUC = 0.81); B. Calibration curve of the combined model. Ab-
breviations: ECV, extracellular volume fraction; MSI, microsatellite instabil-
ity; ROC, receiver operating characteristic; AUC, area under the curve; TPR,
true positive rate; FPR, false positive rate.

Table 4. Comparison of diagnostic efficacy among the three pre-
diction models using DelLong test

Model 1 Model 2 AUC difference Statistics P value
Joint model Clinical model 0.076 1.95 0.051
Joint model ECV model 0.084 1.50 0.135
Clinical model ECV model 0.008 0.09 0.930

Abbreviations: AUC, area under the curve; ECV, extracellular volume fraction.
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Figure 7. Internal validation of the combined prediction model. A. ROC curve
after bootstrap resampling (1,000 repetitions); B. Calibration curve after
internal validation. Abbreviations: ECV, extracellular volume fraction; MSI,
microsatellite instability; ROC, receiver operating characteristic; AUC, area
under the curve; TPR, true positive rate; FPR, false positive rate.

two powerful clinical predictors, the diagnostic
efficacy of the combined model shows a numer-
ical improving trend compared with the individ-
ual clinical models or ECV models. Although the
Delong test indicated that the AUC differences
did not reach statistical significance (likely due
to limited sample size), the calibration curve
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demonstrated good fitting and
the decision curve analysis
showed positive net clinical
benefit, suggesting that the
addition of ECV may provide
valuable supplementary infor-
mation for prediction. How-
ever, we acknowledge that the
absence of statistical signifi-
cance requires cautious in-
terpretation of these findings.

Naturally, this study also pres-
ents several limitations. Firstly,
as a single-center retrospec-
tive investigation, selection bi-
as may be present. The sam-
ple size, although selected ba-
sed on strict inclusion and ex-
clusion criteria, remains small
(particularly MSI group n = 28),
potentially limiting statistical
power and model generaliz-
ability. There is a need for mul-
ticenter, prospective studies
with larger cohorts for external
validation. Furthermore, CT va-
lues that are used for calculat-
ing for ECV will are those ob-
tained at equilibrium. Above
and beyond this technical
note, other factors can contrib-
ute to the accuracy of these CT
values. These include scan-
ning protocols (like contrast
agent dosage or injection rate
and scanning timing), the pa-
tient’s cardiac output, and the
patient’s hemostatic status.
Notwithstanding the fact that
we use a standardized scan-
ning protocol and calibrate
with the abdominal aorta as a
blood pool reference, we must
still be aware of the differenc-
es due to the CT scanner mo-
del and reconstruction algo-
rithm. Third, MSI-L with MSS

was combined while this study denoted MSI-H
as the MSI type. The MSI-H category is likely
the main immunotherapy beneficiary, but the
classification may underestimate the biological
properties of the MSI-L. Future studies might
analyze the variations and differences of ECV
between different microsatellite status. Fourth,
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Conclusion

To summarize, the aforemen-
tioned study verifies that the
ECV obtained from CT is posi-
tively and significantly corre-
lated to MSI status in CRC and
it was also an independent
radiological marker to predict
MSI. The integrated predictive
model of tumor diameter and
N staging presents with favor-
able diagnostic performan-
ce and clinical value, repre-
senting a novel feasible inno-
vative tool for preoperative
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Figure 8. Decision curve analysis of the combined prediction model.

this study used ECV as the only quantitative
imaging index without using any CT morphologi-
cal features (such as tumor morphology, mar-
gin characteristics, enhancement patterns),
texture features, or radiomics features. It is
possible that the non-inclusion of information
from extra imaging associated with microsatel-
lite instability status restricted the model, fur-
ther improving diagnostic performance. Future
research should combine multi-dimensional
imaging features and ECV to create radiomics
models that incorporate clinical indicators.
Fifth, although the combined model demon-
strated the highest AUC (0.81) compared to the
clinical model (0.74) and ECV-only model (0.73),
the DelLong test did not reach statistical signifi-
cance (P = 0.051 and P = 0.135, respectively).
Therefore, we acknowledge that the observed
numerical improvement in diagnostic efficacy
should be interpreted with caution, and this
lack of statistical significance may be attribut-
ed to the relatively small sample size. Sixth, the
limited number of early-stage CRC cases (T1-T2
stage, n = 18, 14.88%) in this cohort precluded
a reliable evaluation of ECV’s predictive value
for MSI status in early-stage tumors. Given that
non-invasive molecular subtyping is equally
critical for treatment decision-making in early-
stage CRC, future research should expand the
sample size of early-stage cases to specifically
explore the application value of ECV in this
population.

5174

0.8

1.0 ) .
non-invasive assessment of

CRC molecular subtyping. Fur-
ther validation in large pro-
spective studies is still war-
ranted. Nonetheless, results
of the analysis can help guide the image-based
quantitative analyses of the tumor microenvi-
ronment and the early development of person-
alized treatment strategies.
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