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Background: Recent studies have found that clinicopathological indices, such as inflam-
matory and biochemical indices, play a significant role in the prognosis of colorectal cancer
(CRC) patients. However, few studies have focused on the effect of dynamic changes in
these indicators. In our study, we studied the influence of dynamic changes in inflammatory
and biochemical indices on patient outcomes during the perioperative period.

Methods: We enrolled 551 patients from Hubei Cancer Hospital who had undergone radical
resection of CRC and collected the results of laboratory examinations performed within 1
week before surgery and at the first admission after surgery. The whole population was
randomly divided into the training (386) and testing (185) cohorts. We used postoperative
inflammatory and biochemical indices/preoperative inflammatory and biochemical indices
(AX) to reflect the dynamic changes. Chi-square tests, Kaplan—-Meier survival analyses, and
univariate and multivariate Cox regression analyses were used to evaluate the prognosis. The
prediction accuracies of models for overall survival (OS) and disease-free survival (DFS)
were estimated through Harrell’s concordance index (the C-index) and Brier scores.
Nomograms of the prognostic models were plotted for evaluations of individualized
outcomes.

Results: The median follow-up time of the 551 patients was 35.6 (range: 1.1-73.8) months.
Ultimately, the prognostic models based on age, sex, TNM stage, pathological conditions,
inflammatory and biochemical indices, CEA, and CA199 were found to have exceptional
performance for OS and DFS. The C-index of the nomogram for OS was 0.806 (95% CI,
0.75-0.86) in the training cohort and 0.921 (95% CI, 0.87-0.96) in the testing cohort. The
C-index of the nomogram for DFS was 0.781 (95% CI, 0.74—0.82) in the training cohort and
0.835 (95% CI, 0.78-0.88) in the testing cohort.

Conclusion: We successfully established a novel model based on inflammatory and bio-
chemical indices to guide clinical decision-making for CRC.

Keywords: colorectal cancer, prognosis, time-dependent receiver operating characteristic
curve, nomogram, inflammatory indices, biochemical indices

Introduction

Colorectal cancer (CRC) is the world’s second most deadly cancer.' For newly
diagnosed patients with CRC, clinicians often make decisions about whether to
operate based on TNM stage and general condition. The traditional TNM staging
system (based on the degree of tumor invasion, lymph node status, and distant
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metastasis status) has been widely used to predict the
prognosis of CRC patients. However, it represents the
biological behavior of tumors and cannot accurately pre-
dict the risk of death and recurrence in cancer patients. In
fact, the prognosis of tumors is affected not only by TNM
stage but also by the systemic inflammatory response.

*7 have demonstrated

Although previous studies
a correlation between the preoperative inflammatory
response and the prognosis of CRC, few studies have
considered the postoperative inflammatory response. The
ability of nomograms to visualize predictive models has
been shown to be effective in many cancers, and nomo-
grams are superior to the traditional TNM staging system,
having personalized predictive power that can quickly
guide clinical practice.*’

Therefore, we attempted to explore the prognostic sig-
nificance of perioperative inflammatory cells in patients
with resectable CRC by jointly considering these factors
and other routine biochemical and blood indicators that
influence the treatment of CRC and to develop a novel
prognostic model incorporating relevant perioperative
inflammatory and biochemical markers for the prediction
of individual survival outcomes in patients with resect-

able CRC.

Materials and Methods

Study Population

Overall, 551 patients with histopathologically confirmed
CRC who had undergone resection of primary lesions at
Hubei Cancer Hospital, Hubei, China, from January 2013
to December 2016 were enrolled in this retrospective analy-
sis. The following clinical parameters were retrieved from
medical records: age, sex, body mass index (BMI), family
history, history of smoking or drinking, TNM stage and
some pathological factors, including degree of tumor differ-
entiation, tumor location, nerve infiltration status, circumfer-
status.
Laboratory test results, including the results of neutrophil
(NEU), lymphocyte (LYM), monocyte (MON), white blood
cell (WBC), hemoglobin (HGB), alkaline phosphatase
(ALP), lactate dehydrogenase (LDH), direct bilirubin
(DBIL), y-transglutaminase (GGT), carcinoembryonic anti-
gen (CEA), and carbohydrate antigen 19-9 (CA199) tests,
were also collected. The inclusion criteria were as follows:

ential margin, and vascular cancer embolus

(1) age =18 years; (2) patients first identified to have primary
CRC; and (3) patients who had already undergone eradica-
tion of CRC. The exclusion criteria were as follows: (1)

previous diagnosis of malignancy; (2) cooccurrence of
other cancers; (3) lack of clinical parameters and laboratory
results; and (4) other diseases that would have serious
impacts on prognosis, such as ischemic heart disease and
stroke. This study was supported by the Ethics Committee
and Institutional Review Board of Hubei Cancer Hospital,
and all patients provided informed consent. This study was
conducted in accordance with the Declaration of Helsinki.

Laboratory Parameters

Routine preoperative blood tests and serum biochemical
examinations were performed within one week before the
surgery. There is no standard for determining the appro-
priate time for postoperative inflammatory and biochem-
ical profiling. To exclude the influence of postoperative
complications, postoperative laboratory tests were
obtained after the first postoperative inpatient admission.
The median time between postoperative data collection
and surgery was 19 (range: 10-39) days, and the mean
interval was 24.6 days. To correlate preoperative and post-
operative indices, we defined AX as the postoperative
X value/the preoperative X value (where X stands for

one of any of the inflammatory or biochemical indicators).

Follow-Up

Patients were followed up regularly until death or
September 1, 2019, according to the 7th edition of the
TNM-UICC/AJCC classification system for CRC (which
recommends follow-up every 3—6 months for the first 2
years and then every 6 months for the third to fifth
years).'” Disease-free survival (DFS) was defined as the
period after successful treatment in which there was no
appearance of the symptoms or effects of the disease,!!
and overall survival (OS) was defined as the time from the
date of diagnosis to death or last follow-up.'? Follow-up
data for patients were obtained from medical records,
laboratory examinations, or telephone follow-up.

Statistical Analyses

Differences between groups were analyzed using the chi-
square test or Fisher’s exact test for dichotomous parameters.
For clinical parameters, we changed the continuous variables
to categorical variables by determining cutoff values via
receiver operating characteristic (ROC) curve analyses and
utilized these classifications in further statistical analysis.
The survival curves were established according to the
Kaplan—Meier method, and the differences were analyzed
by the Log-rank test. To identify independent prognostic
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factors, multivariate Cox regression analyses were per-
formed by forward stepwise selection of variables. The effi-
cacy of the prognostic models was estimated by Harrell’s
concordance index (the C-index) and the Brier score. Time-
dependent ROC curves and calibration curves were plotted to
visualize the performance of the models. Nomograms of the
prognostic models were plotted for individualized evaluation
of OS and DFS. The training set was applied to plot the
nomogram based on the results of the multivariable Cox
analysis. Differences with a two-tailed P <0.05 were consid-
ered to be statistically significant. The time-dependent ROC
curve, calibration curve, and nomogram were generated
using the “survival ROC”, “time ROC”, “pec” and “regplot”
packages of R 3.6.0 (The R
Computing, Vienna, Austria).

Foundation for Statistical
Other statistical analyses

were performed using SPSS software, version 23.0 (IBM
SPSS, Chicago, IL, USA).

Results
The Optimal Cutoff Values for Variables

According to the ROC curve, the optimal cutoff values for
ANEU, AWBC, AMON, ALYM, AHGB, AALP, ALDH,
ADBIL, and AGGT were 1.39, 1.11, 1.06, 1.27, 1.32, 1.14,
1.16, 1.86, and 1.83, respectively. In addition, the cutoff
values for CEA, CA199, and BMI were 3.5 ng/mL, 35.5
ng/mL, and 25 kg/m?, respectively, which were taken from
the reference ranges reported by the Clinical Laboratory
Department in Hubei Cancer Hospital. For age, we used
the median (65) as the cutoff value. Furthermore, other
clinical baseline characteristics are described in Table 1.

Table | Demographic and Tumor Characteristics of Colorectal Cancer Patients

Characteristics N(%) Characteristics N(%)
Age(years) <65 392(71.1) Nerve infiltration No 417(75.7)
>65 159(28.9) Yes 134(24.3)
Sex Male 362(65.6) Cea (ng/mL) <35 299(54.2)
Female 189(34.4) >3.5 252(45.8)
Family history of CRC No 480(87.1) Cal99 (ng/mL) <355 410(74.4)
Yes 71(12.9) >35.5 141(25.6)
BMl(kg/m?) <25 423(72.7) ANEU <1.39 488(88.5)
>25 128(27.3) >1.39 63(11.5)
Smoking No 378(68.6) ALMR <1.80 468(84.9)
Yes 17331.4) >1.80 83(15.1)
Drink No 425(77.1) AWBC <1l 421(76.4)
Yes 126(22.9) >0 130(23.6)
Location Left Colon 117(21.2) AMON <1.06 334(60.6)
Right colon 92(16.7) >1.06 217(39.4)
Rectal 342(62.1) ALYM <1.27 431(78.2)
TNM stage | 61(11.7) >1.27 120(21.8)
2 184(33.4) AHGB <1.32 513(93.1)
3 205(37.2) >1.32 38(6.9)
4 101(17.7) AALP <I.14 359(65.1)
Differentiation Poor 77(14.0) >1.14 192(34.9)
Moderate 420(76.2) ALDH <l.lé 460(83.4)
WVell 54(9.8) >1.16 91(16.6)
Circumferential margin No 542(98.3) ADBIL <1.86 488(88.5)
Yes 9(1.7) >1.86 63(11.5)
Vascular cancer embolus No 380(68.9) AGGT <1.83 458(83.1)
Yes 17131.1) >1.83 93(16.9)

Abbreviations: NLR, neutrophils/lymphocyte; LYM, lymphocyte/monocyte; MON, monocyte; WBC, white blood cells; HGB, hemoglobin; ALP, alkaline phosphatase; LDH,
lactate dehydrogenase; DBIL, direct bilirubin; GGT, y-transglutaminase; CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 19-9.
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Table 2 Univariate and Multivariate Analyses of the Factors Affecting Overall Survival and Disease-Free Survival by Cox Proportional
Hazard Model

Disease-Free Survival Overall Survival
Characteristics N Univariate Analysis Multivariate Analysis® Univariate Analysis Multivariate Analysis®
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
ANEU <1.39 | 488 | | 0.003 - - | <0.001 | | <0.001
>1.39 | 63 1.828 - 2.502 1.843
(1.227-2.725) (1.557-4.019) (1.030-3.300)
ALMR <1.80 | 468 | | 0.006 - - | 0.096 - -
>|1.80 | 83 1.675 - 1.517 -
(1.160-2.418) (0.928-2.478)
AWBC <I.Il | 421 | 0.053 - - | 0.005 - -
>0 | 130 | 1.385 - 1.801 -
(0.996-1.928) (1.189-2.727)
AMON <1.06 | 334 | | 0.019 | 0.002 | 0.007 - -
>1.06 | 217 | 1.428 1.725 1.723 -
(1.060-1.923) (1.228-2.425) (1.162-2.556)
ALYM <1.27 | 431 | | 0.045 - - | <0.001 | I 0.007
>1.27 | 120 | 1.411 - 2.227 1.820
(1.008-1.977) (1.474-3.365) (1.179-2.810)
AHGB <1.32 [ 513 | | 0.321 - - | 0.002 - -
>1.32 | 38 1.318 - 2427 -
(0.763-2.277) (1.378-4.273)
AALP <I.14 | 359 | | <0.001 | I 0.003 | <0.001 | - -
>1.14 | 192 | 2.099 1.589 2.352 -
(1.559-2.826) (1.171-2.157) (1.584-3.491)
ALDH <I.16 | 460 | | 0.001 - - | <0.001 | - -
>|.16 | 91 1.778 - 2.383 -
(1.252-2.524) (1.544-3.676)
ADBIL <1.86 | 488 | | 0.007 | <0.001 | I 0.147 - -
>|1.86 | 63 1.763 2.325 1.502 -
(1.169-2.659) (1.525-3.547) (0.867-2.602)
AGGT <1.83 | 458 | | <0.001 | - - | 0.002 - -
>1.83 | 93 1.895 - 1.986 -
(1.346-2.669) (1.276-3.091)
Cea (ng/mL) | <35 | 299 | | <0.001 | | <0.001 | I <0.001 | | <0.001
>3.5 | 252 | 2.581 2.128 2.776 2.284
(1.892-3.521) (1.551-2.921) (1.821-4.230) (1.483-3.517)
Cal99 (ng/ <355 | 410 | | <0.001 | I <0.001 | | <0.001 | | <0.001
mL)
>35.5 | 141 | 3.209 2.782 2.963 2.424
(2.378-4.332) (2.049-3.776) (1.995-4.401) (1.615-3.638)

Notes: *The multivariate Cox regression model included differentiation, circumferential margin, vascular cancer embolus, nerve infiltration, TNM, CEA, CA199, ANEU,
ALMR, ALDH, AMON, AALP, AGGT, and ADBIL; ®The multivariate Cox regression model included age, circumferential margin, vascular cancer embolus, nerve infiltration,
TNM, CEA, CA199, AWBC, AMON, ALYM, AHGB, AALP, ALDH, AGGT, and ANEU.

Abbreviations: NLR, neutrophils/lymphocyte; LYM, lymphocyte/monocyte; MON, monocyte; WBC, white blood cells; HGB, hemoglobin; ALP, alkaline phosphatase; LDH,
lactate dehydrogenase; DBIL, direct bilirubin; GGT, y-transglutaminase; CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 19-9.
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Relationships of Inflammatory and
Biochemical Indices with the Prognosis of
Patients with Resectable Colorectal
Cancer

All included indicators were dichotomized with the cutoffs
of the corresponding ROC curves. We found that high
levels of ANEU (P=0.003), AALP (P<0.001), ALDH
(P=0.001), ADBIL (P=0.006), and AGGT (P<0.001) were
related to poor DFS of patients with resectable CRC in the
Kaplan-Meier survival analysis. In addition, high levels of
ALYM (P<0.001), AHGB (P=0.002), ANEU (P<0.001),

AALP (P<0.001), ALDH (P<0.001), and AGGT
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(P=0.002) were related to poor OS of patients with resect-
able CRC in the Kaplan-Meier survival analysis. Next, we
performed univariate Cox regression analysis for each of
the included indicators and put those indicators with P<
0.1 into the multivariate Cox regression model. In the
whole population, after adjusting for differentiation, cir-
cumferential margin status, vascular cancer embolus sta-
tus, nerve infiltration status, TNM stage, CEA, CA199,
ANEU, ALMR, ALDH, AMON, AALP, AGGT, and
ADBIL, we found that AMON, AALP, and ADBIL main-
tained significant associations with DFS, with HRs (95%
CD of 1.725 (1.228-2.425), 1.589 (1.171-2.157), and
2.325 (1.525-3.547), respectively. After adjusting for
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Figure | Time-dependent receiver operating characteristic (ROC) curves for the overall survival (OS) and disease-free survival (DFS)-associated nomograms for predicting
I-, 2-, and 3-year survival rates. Time-dependent ROC curves from the nomograms for the prediction of OS and DFS rates in the training (A and B) and testing (C and D)

sets, respectively.
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age, circumferential margin status, vascular cancer embo-
lus status, nerve infiltration status, TNM stage, CEA,
CA199, AWBC, AMON, ALYM, AHGB, AALP, ALDH,
AGGT, and ANEU, we found that ANEU still had
a presented significant association with OS, with an HR
of 1.843 (1.030-3.300) (Table 2).

Predictive Models for Patients with

Colorectal Cancer

We constructed prognostic prediction models based on the
changes in inflammatory and biochemical indices as well as
other baseline indicators. In training cohort, we performed
a univariate Cox regression analysis for each indicator,
inflammatory cell ratio and routine blood tests, with blood
biochemical indicators and related pathological indicators
included. Ultimately, age, sex, TNM stage, circumferential
margin status, vascular cancer embolus status, nerve
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infiltration status, AWBC, AMON, ALYM, AALP, ALDH,
AGGT, ADBIL, ANEU, CEA, and CA199 were included in
our models. The C-indices of the prognostic models for OS
and DFS were 0.806 (95% CI, 0.75-0.86) and 0.781 (95%
CI, 0.74-0.82), respectively. One-
dependent ROC curves were generated to determine the

and 3-year time-

performance of the two models (Figure 1). Evaluations of
the 1-year and 3-year overall survival rates illustrated the
predictive power of the nomogram, as measured by area
under the curve (AUC) values, which were 0.883 and 0.823
in the training set and 0.965 and 0.954 in the testing set,
respectively. Meanwhile, evaluations of the l-year and
3-year disease-free survival rates revealed AUCs of 0.836
and 0.811 in the training set and 0.857 and 0.910 in the
testing set, respectively. The AUC values (95% Cls) of the
two models were stable over time (Figure 2), and the

calibration curves also showed good agreement between
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Figure 2 Time—AUC curves of the model. Time—AUC curves from the nomograms for the prediction of OS and DFS rates in the training (A and B) and testing (C and D)

sets, respectively.
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the prediction and observation in the 1-year and 3-year
survival probabilities of OS and DFS, with Brier scores of
0.023 and 0.062 for OS and 0.069 and 0.115 for DFS,
respectively (Figures 3 and 4).

We further performed a sensitivity analysis excluding
patients with advanced CRC. The results show that the
prognostic model maintained good performance for OS
prediction [C-index: 0.818 (95% CI, 0.74-0.89) and
Brier score: 0.009 for 1-year and 0.036 for 3-year OS],
and the prognostic model based for DFS prediction
[C-index: 0.752 (95% CI, 0.70-0.81) and Brier score:
0.040 for 1-year and 0.095 for 3-year OS]. Nomograms
for OS and DFS were plotted based on the models, as
shown in Figures 5 and 6, respectively.

.s/
3 -
=
£
2
g
B
B
BT -
2 ~
2
: /,
0o 0z 04 o0& s
[E—— L e L S L L
o — S —
ol
£
E
E =
: 4
E -
E = P
£ P
=
£
0o 0z 04 a6 08 0

Exr-ypmne el suirvival pradicin by model

Discussion

We not only assessed the impact of dynamic changes in
clinicopathological indices on a retrospective series of
resectable CRC patients but also built a high-quality pre-
diction model presenting exceptional performance for OS
[C-index: 0.806 (95% CI, 0.75-0.86)] and DFS prediction
[C-index: 0.781 (95% CI, 0.74-0.82)].

Recent studies have focused on the impact of preopera-
tive inflammatory markers on the outcomes of CRC
patients. A high preoperative NLR (neutrophils/lympho-
cytes) represents a poor prognosis,’> and a low preopera-
tive PLR (platelets/lymphocytes) represents a superior
prognosis.'* Few studies have focused on the prognostic
significance of postoperative inflammatory indicators,
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Figure 3 |-year calibration curves of the model. |-year calibration curves from the nomograms for the prediction of OS and DFS rates in the training (A and B) and testing

(C and D) sets, respectively.
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Figure 4 3-year calibration curves of the model. 3-year calibration curves from the nomograms for the prediction of OS and DFS rates in the training (A and B) and testing

(C and D) sets, respectively.

which may be related to the influence of postoperative
complications on changes in inflammatory indicators. Xie
Ya'* combined preoperative and postoperative NLR and
PLR and divided patients into four groups. They found
that perioperative NLR/PLR might be a good predictor for
prognosis in CRC patients undergoing curative surgery.
Joseph C.Y'® also studied the changes in NLR and LMR
before and after surgery and identified an optimal period of
remeasurement at 21 to 56 days postoperation. Naoki
Ashizawa'® investigated the prognostic value of the
change in NLR (postoperative NLR/preoperative NLR)
and found that it might be a good predictor for prognosis.
You W'7 found positive that postoperative CEA and CEA
increase were independent prognostic factors for stage II
and IIT CRC.

Our study was inspired by the abovementioned studies
and included less-researched prognostic markers of inflam-
mation as well as conventional laboratory findings (for
example, WBC, platelets, HGB, etc.). These results guide
the treatment of patients clinically. For example, low WBC
or platelet counts will affect the patient’s chemotherapy.
Abnormal liver function will also affect the treatment of
patients, so we included not only routine transaminases but
also positive indicators in the univariate Cox regression
analysis, such as y-transglutaminase, lactate dehydrogen-
ase, alkaline phosphatase, and direct bilirubin. The ANLR
was not included in the nomogram because it did not show
good predictive performance in our univariate Cox analy-
sis. The changes in perioperative indicators were replaced
by the ratio of the value after to before surgery, and the

1598 "

Dove!

Journal of Inflammation Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove Ma et al
a 10 20 an 40 80 a0 70 BD 80 100
Paints
183
AGGT $
183
2 4
THM T T !
1 3
14
AALP
21,14
>138
ANEU ————————————
Bk
>1.08
AMON —
s1.06
=127
ALYM P
137
*>1.96
ALOH v J
=118
=1.86
ADBIL =
=186
235
CEA group —_—
=38
SR
AWBC ]
.1
=355
CA199 group —
2355
No
wascular.cancer.embolkis —
¥
= Mo
circumferantial. margin r
Yes
Mo
nerve.infiltration S
Yes
Female
sex r -
Male
age
20 2% o 35 40 45 &0 B5 L] (13 7o 75 80 85
Total Points
a 50 100 180 200 250 300 350
Linear Predictar T
8 T & 5 -3 2 1 o 1 2 3 4 5
One-year Overall Survival Probability N —
og 06 07 0505040302 01
Three-year Overall Survival Probability R —
08 0B 07 060.5040.302 01

Figure 5 Nomogram of prognostic model for OS of colorectal cancer.

nomogram was drawn from this, and it was found that the

nomograms showed good prediction of OS and DFS.

A prognostic model based on age, sex, TNM stage, cir-
cumferential margin, ANEU, AWBC, AMON, ALYM,
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found to present exceptional performance for OS predic-
tion [C-index: 0.806 (95% ClI, 0.75-0.86) and Brier score:
0.023]. Another model based on age, sex, TNM stage,
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Figure 6 Nomogram of prognostic model for DFS of colorectal cancer.

Journal of Inflammation Research 2021:14

1599

Dove:


http://www.dovepress.com
http://www.dovepress.com

Ma et al

Dove

circumferential margin, vascular cancer embolus status,
ALMR, ANEU, AWBC, AMON, ALYM, AALP, ALDH,
ADBIL, AGGT, ACEA, and ACA199 also presented
exceptional performance for DFS prediction [C-index:
0.781 (95% CI, 0.74-0.82) and Brier score: 0.069]. More
encouragingly, the model showed better predictive perfor-
mance after the removal of stage IV patients, with
of 0.818 for OS and 0.752 for DFS.
A predictive model considering mutation status (BRAF

C-indices

and KRAS mutation status), sex, performance status,
BMI, and laboratory values presented C-indices of 0.68
and 0.62 for progression-free survival.'®

In recent years, studies have found that blood-based
liquid biopsies can quickly detect some substances in the
blood that are shed or released by tumor tissue, which
often play an important role in the treatment, diagnosis,
and prognosis of tumors. Tumor-derived circulating
endothelial cell clusters (ECCs), the serum DNA concen-
tration may play a role in the early diagnosis of tumors.
Elevated miR-6803-5p and serum exosomal miR-21 have
been associated with the poor prognosis of CRC. There is
also a low association between E1317Q and the risk of
CRC." In addition, mutations in certain genes can be used
to determine treatment strategies. For example, KRAS
mutations indicate a poor prognosis but can be used to
determine whether patients can undergo anti-EGFR
therapy.”® Patients with MSI have a better prognosis and
respond better to treatment. However, due to the lack of
clinical validation, regulatory approval and other issues, its
inclusion in routine cancer diagnostics is limited, so it
should be included in the establishment of predictive mod-
els in future studies. In addition, the conventional inflam-
matory indicator C reactive protein (CRP) is related to the
prognosis of colorectal cancer. The prognostic model with
CRP also showed good predictive performance, with a C
index of 0.762 for DFS.*! In addition, preoperative lym-
phocyte-C-reactive protein ratio is a useful marker for
of CRC
patients.”> As this was a retrospective study with consider-

perioperative and postoperative treatment
able amount of missing relevant data and the clinical
accessibility, CRP was not included in our model.
Therefore, the identification of a more simple and efficient
comprehensive prediction model for colorectal cancer is
needed in the future.

Our study also has limitations. Most importantly, we did
not know how many days after surgery would be the optimal
time to predict prognosis. The changes caused by the stress
response and related inflammatory response after surgery

cannot be ignored within a few days after surgery. If the
time window was extended, the occurrence of postoperative
complications and related uncontrollable factors would
inevitably interfere with the results. In addition, mutation
status (BRAF and KRAS mutation status) and MSI status
were not included in this study due to the lack of relevant
data. Besides, there lacks a comparison study with other
prognosis models from literature applied to the same dataset.

The strengths of this study include the fact that we
jointly considered changes in postoperative versus preo-
perative indicators and incorporated a variety of inflam-
matory markers that influence clinical decision-making to
establish a nomogram that has a high predictive perfor-
mance, which has never been done before.

In summary, postoperative inflammatory and biochem-
ical indices have significant prognostic value in patients
with resectable CRC. Our novel prognostic model incor-
porating both postoperative and preoperative markers pro-
vides superior prognostic prediction. These results provide
a new approach to search for prognostic biomarkers in
patients with CRC. However, the main findings of the
current study need to be interpreted with caution and
require external validation in future studies.
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