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Background. Colorectal cancer liver metastasis (CRLM) is a high degree of malignancy with rapid disease progression and has a poor
prognosis. Both serum apolipoprotein A-I (ApoA-I) and neutrophil-to-lymphocyte ratio (NLR) play key roles in anti-inflammation
and antitumor. This study is aimed at evaluating the implication of serum ApoA-Ilevel in combination with NLR in the prognosis of
CRLM. Methods. We retrospectively analyzed the serum ApoA-Ilevel and NLR in 237 patients with CRLM. Cox regression analyses
were used to identify the independent prognostic significance of these indicators. Kaplan-Meier method and Log-rank test were
applied to compute overall survival (OS). Both the ApoA-I and NLR were divided into three levels, according to their medians. A
risk-stratified prediction model was established to evaluate the prognosis of patients with CRLM. The ROC curve AUC values were
applied to evaluate the capability of the model. Results. Higher levels of ApoA-I and lower NLR were strongly associated with
prolonged OS (Log-rank test, P < 0.05). The patients were then grouped into three queues according to the ApoA-I level and NLR.
There was a crucial diversity in the OS (P <0.001) between the high-risk (ApoA —1<1.03g/L and NLR > 3.24), medium-risk
(ApoA —1>1.03g/L or NLR < 3.24) and low-risk groups (ApoA —1>1.03 g/L and NLR < 3.24). The AUC value of the prediction
model (AUC=0.623, 95% CI: 0.557-0.639, P =0.001) was higher than other individual indicators (including ApoA-I, NLR, cT
classification, and cN classification). Additionally, the association of the prediction model and ¢TN classification (AUC =0.715,
95% CI: 0.606-0.708, P < 0.001) was better than the model and cTN classification alone. Conclusion. The combination of ApoA-I
level and NLR could be a prognostic indicator for CRLM.
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1. Introduction

Colorectal cancer (CRC) is one of the most common cancers
worldwide. More than 50% of global new CRC and cancer-
related death cases are found in China, Europe, and North
America [1]. The incidence of CRC and mortality has decreased
as a result of practical cancer screening measures. With the con-
tinued development of developing nations, it is anticipated that
by 2035, there will be 2-5 million new CRC patients [2, 3].
Patients in the early stages of CRC can be treated with surgery
for extended survival time. However, patients with advanced or
metastatic CRC have limited surgical options and a poor prog-
nosis despite other conservative treatments. Advanced CRC
can lead to multiple organ metastasis, with the liver being the
most common site [4]. Based on the published studies, patients
with colorectal cancer liver metastasis (CRLM) have a median
survival time of merely 19.7 months [5]. It is essential to predict
the prognosis of advanced CRC patients with liver metastases.

Apolipoprotein is a member of the serum protein family
that promotes lipid transportation and has recently been
found to be involved in cancer metabolism and immunity
[6]. Cancer cells obtain their required energy from lipids [7].
Apolipoprotein A-I (ApoA-I) is the main protein component
of plasma high-density lipoprotein cholesterol (HDL-C).
Approximately, 75% of the ApoA-I protein are synthesized
and degraded in the liver cells [8]. ApoA-I protein facilitates
ATP-binding cassette transporter 1 (ABCAL) in the reverse
cholesterol transport (RCT) to maintain normal bile metabo-
lism [9]. For instance, ApoA-I was demonstrated to reduce
various oxidized lipids and enzymes involved in inflammatory
mediators such as COX-2 in colon or ovarian cancer [10, 11].
However, ApoA-I may play anti-inflammatory and antitumor
effects through other receptors, without affecting inflamma-
tory mechanisms directly [9]. Some studies have discussed
the anti-inflammatory and antitumor properties of ApoA-I,
neutrophils, and lymphocytes. For instance, it was discovered
that neutrophils would adhere to tumor cells if they overex-
pressed CD11b and intercellular adhesion molecule 1, but that
ApoA-I would remove these molecules [12]. ApoA-I can also
inhibit inflammation in hypercholesterolemic mice by reduc-
ing cholesterol accumulation in lymphocytes [13].

Inflammatory response plays a significant part in cancer
development and progression [14]. The neutrophil-to-
lymphocyte ratio (NLR), a ratio of the neutrophil, and lym-
phocyte counts measured in peripheral blood reflects the
inflammatory response in the human body. Numerous
researchers have assessed the prognostic value of NLR in
various cancers [15]. An elevated NLR is a poor prognostic
indicator in various cancers, including colorectal cancer [16],
hepatocellular carcinoma [17], among others [18]. To date,
the combination of NLR and ApoA-I to predict the prognosis
of tumors has not been reported. Based on previous research,
we primarily presented and investigated the combination of
ApoA-I and NLR on the prognosis of CRLM.

2. Materials and Methods

2.1. Study Design. The study gathered patients who met the
diagnostic criteria for CRLM and hospitalized at the First
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FIGure 1: Study design and workflow.

Affiliated Hospital, Guangzhou University of Chinese Medi-
cine, from January 1, 2008, to December 31, 2020. A total of
260 patients admitted for CRLM were screened, 23 of them
were excluded due to incomplete data or lost to follow-up.
Finally, 237 patients were included in this study (Figure 1).
The inclusion criteria were as follows: over 18 years old;
diagnosed with CRLM by medical imaging examination or
postoperative pathological examination; no other evidence
of distant metastasis; complete data on ApoA-I and NLR.
Exclusion criteria for the study were as follows: other
primary tumors or combined with other serious diseases;
other diseases associated with blood lipid levels (such as
diabetes, hyperlipidemia, or metabolic syndrome); receiving
hormonal medication or taking any drugs that inhibit lipid
metabolism; absence of follow-up records.

The study protocol was approved by the Ethics Commit-
tee of First Affiliated Hospital, Guangzhou University of
Chinese Medicine. It was in line with the ethical principles
established in the Declaration of Helsinki.

2.2. Methods for Measurement. Patients diagnosed with
CRLM were screened using a blood test before receiving
drug therapy for CRLM. For blood cell testing, including
measuring levels of ApoA-I and NLR, 5ml of fasting venous
blood was taken from all patients and placed in K2-EDTA
disposable anticoagulant vacuum tubes. After mixing, blood
was collected for examination. ApoA-I was detected using a
Cobas 8000 automatic biochemical analyzer (Roche). The
NLR was tested using a BC-6900 automatic blood cell
analyzer (Mindray, Shenzhen).

Through the hospital’s electronic medical record system,
the duration of follow-up was established to be from the first
day of hospitalization to December 31, 2021. The variables
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(ApoA-I and NLR) were classified using the median value as
the cut-off point. Thus, the cut-off level for ApoA-I was
1.03g/L, and NLR was 3.24. We used the ApoA-I and NLR
to analyze whether they were clinically associated with CRLM.

2.3. Statistical Analysis. Continuous variable data was
represented by means + standard deviations. Enumeration
data were expressed as the number of cases (percentage).
One-way variance analysis, Kruskal-Wallis H test, and the
chi-square tests were used to evaluate statistical differences
among groups. The Log-rank method was applied to test
the differences in single-factor survival rates and to compare
the distribution of survival curves. Survival curves were plot-
ted using the Kaplan-Meier method. All significant variables
for univariate Cox analysis were assessed using a multivari-
ate Cox regression analysis to identify independent variables
predicting survival in patients with CRLM. Exploratory
subgroup analysis and interaction assays were used to
investigate whether the association between ApoA-I and
NLR and prognosis differed by clinical characteristics.
The performance of the model was evaluated according
to the ROC curve AUC value by the R CoxBoost package.
Analyses were performed using the statistical software R
(http://www.R-project.org) and Empower States (http://
www.empowerstates.com). Descriptive and comparative
statistical analyses were performed using SPSS 26.0. The
figures were made using GraphPad Prism 9. All tests were
two-sided, with a statistical significance level set at 0.05.

3. Results

3.1. Correlation of Serum ApoA-I Level, NLR, and Clinical
Features. Of the 237 enrolled patients, 158 (66.7%) were
male and 79 (33.3%) were female. The male-to-female ratio
was 2:1, with more male patients than female patients.
The age ranged from 24 to 83 years, with the median and
mean age being 62 years and 60.48 years, respectively. The
serum levels of ApoA-I and NLR are demonstrated in
Table 1. Most CRLM patients with Karnofsky Performance
Status Scale (KPS) scores >80 and patients with primary
surgery had higher ApoA-I levels (P <0.001, P=0.009)
and lower NLR (P = 0.026, P = 0.007). Patients with chemo-
therapy had significantly lower NLR levels than those in the
control group (P < 0.001).

3.2. Patients’ Characteristics and Kaplan-Meier Survival
Analysis in CRLM patients. Univariate and multivariate
Cox analyses were used for the assessment of the correlation
between clinical features (including sex, age, ApoA-I levels,
NLR, cT classification, cN classification, degree of tumor dif-
ferentiation, number of liver metastases, type of liver metas-
tases, pathological type, KPS scores, primary surgery,
chemotherapy, targeted therapy, topical treatment, metasta-
sis surgery, and tumor location) and overall survival (OS).
Univariate Cox analysis, as shown in Table 2, demonstrated
that ApoA-I levels (hazard ratio [HR]:0.655, P =0.003),
NLR (HR: 1.583, P=0.001), cT classification (HR: 1.429,
P=0.012), cN classification (HR: 1.601, P <0.001), the
number of liver metastases (HR: 2.056, P <0.001), type

of liver metastases (HR: 0.539, P < 0.001), KPS scores (HR:
1.592, P = 0.005), tumor location (HR: 1.482, P = 0.012), che-
motherapy (HR: 0.543, P <0.001), topical treatment (HR:
0.684, P =0.023), metastasis surgery (HR: 0.531, P =0.002),
and primary surgery (HR: 0.439, P < 0.001) were significantly
associated with OS. Multivariate Cox analysis identified
ApoA-I levels (HR: 0.717, 95% confidence interval [95% CIJ:
0.527-0.976, P = 0.034), the number of liver metastases (HR:
1.760, 95% CI: 1.215-2.599, P = 0.004), type of liver metastases
(HR: 0.598, 95% CI: 0.409-0.862, P =0.007), tumor location
(HR: 1.530, 95% CI: 1.086-2.128, P = 0.013), cN classification
(HR: 1.422, 95% CI: 1.047-1.927, P = 0.024), primary surgery
(HR: 0.659, 95% CI: 0.466-0.935, P = 0.019), and chemother-
apy (HR: 0.628, 95% CI: 0.452-0.880, P =0.006) as being
significant independent predictors of survival in patients
with CRLM.

Kaplan-Meier curves showed that lower ApoA-I levels
(P=0.003) and higher NLR (P =0.001) were significantly
associated with a poorer OS among patients with CRLM
(Figure 2). Thus, the analyses indicated that pretherapeutic
ApoA-I level and NLR could affect the prognosis of patients
with CRLM.

3.3. Stratified Analysis and Associations Between ApoA-I,
NLR, and Prognosis by Clinical Features. In light of the unbal-
anced baseline between the two groups (group classified
according to the median value of ApoA-I or NLR), we assessed
the interaction of ApoA-Ilevels and NLR with clinical features
separately and performed an exploratory stratified analysis
(Figure 3). We found that only ApoA-I level had a significant
association with tumor location (P forinteraction = 0.045)
and KPS scores (P forinteraction=0.048) on prognosis.
Stratifying the clinical characteristics further, the associations
between ApoA-I and prognosis were more evident in the
groups with RCC (P=0.002) and KPS scores < 80
(P <0.001) than in those with LCRC and KPS scores > 80.
The effect of ApoA-I and NLR on OS was consistent across
the remaining subgroups.

3.4. Establishing a Novel Risk-Stratified Prognostic Model
Using ApoA-I in Combination with NLR. Based on the
ApoA-I level and NLR as independent risk factors for
CRLM, we combined ApoA-I and NLR to construct a pre-
dictive model. Low levels of ApoA-I or high levels of NLR
were associated with a poor prognosis of CRLM. To further
explore the predictive value of the two indexes for poor
prognosis, we stratified patients with CRLM into three cate-
gories: high, medium, and low risk. The categories are
shown as follows: high-risk (ApoA —1<1.03g/L and NLR
> 3.24), medium-risk (ApoA —1>1.03g/L or NLR < 3.24),
and low-risk groups (ApoA —1>1.03g/L and NLR < 3.24).
The OS of the high-risk group of patients was poorer than
that of the other two groups (Figure 4, Log-rank, P < 0.001).

3.5. Prognostic Values of The Individual ApoA-I level, NLR,
and Their Combinations in CRLM Patients. We plotted
ROC curves to assess the prognostic predictive ability of
ApoA-I levels, NLR, T classification, cN classification,
ApoA-I combined with NLR, and combinations of the above
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TaBLE 1: The clinical characteristics of patients grouped according to ApoA-I level and NLR.

Variables ApoA-1<1.03 ApoA-1>1.03 P value* NLR <3.24 NLR > 3.24 P value*
N 119 118 119 118

Age 61.101 +£12.321 59.847 +£11.045 0.411 59.639 £ 11.600 61.322£11.779 0.269
Sex 0.713 0.520
(i) Male 78 (65.546%) 80 (67.797%) 77 (64.706%) 81 (68.644%)

(i) Female 41 (34.454%) 38 (32.203%) 42 (35.294%) 37 (31.356%)

Liver metastases number 0.359 0.155
(i) <2 29 (24.370%) 35 (29.661%) 37 (31.092%) 27 (22.881%)

(i) >2 90 (75.630%) 83 (70.339%) 82 (68.908%) 91 (77.119%)

Type of liver metastases 0.430 0.189
(i) Simultaneous 92 (77.311%) 86 (72.881%) 85 (71.429%) 93 (78.814%)

(i) Metachronous 27 (22.689%) 32 (27.119%) 34 (28.571%) 25 (21.186%)

Tumor location 0.852 0.169
(i) LCRC 89 (74.790%) 87 (73.729%) 93 (78.070%) 83 (71.681%)

(ii) RCC 30 (25.210%) 31 (26.271%) 26 (21.930%) 35 (28.319%)
Pathological type 0.362 0.347
(i) Adenocarcinoma 112 (94.118%) 114 (96.610%) 115 (96.639%) 111 (94.068%)

(ii) Nonadenocarcinoma 7 (5.882%) 4 (3.390%) 4 (3.361%) 7 (5.932%)

Degree of tumor differentiation 0.363 0.416
(i) Moderately 88 (73.950%) 94 (79.661%) 91 (76.470%) 91 (77.119%)

(ii) Poorly 22 (18.487%) 14 (11.864%) 16 (13.445%) 20 (16.949%)

(iii) Well 9 (7.563%) 10 (8.475%) 12 (10.084%) 7 (5.932%)

T classification 0.846 0.558
(i) 1-3 58 (48.739%) 59 (50.000%) 61 (51.261%) 56 (47.458%)

(ii) 4 61 (51.261%) 59 (50.000%) 58 (48.739%) 62 (52.542%)

cN classification 0.542 0.213
(i) 0-1 69 (57.983%) 73 (61.864%) 76 (63.866%) 66 (55.932%)

(ii) 2-3 50 (42.017%) 45 (38.136%) 43 (36.134%) 52 (44.068%)

KPS scores <0.001 0.026
(i) >80 80 (67.227%) 105 (88.983%) 100 (84.034%) 85 (72.034%)

(ii) <80 39 (32.773%) 13 (11.017%) 19 (15.966%) 33 (27.966%)

Primary surgery 0.009 0.007
(i) No 57 (47.899%) 37 (31.356%) 37 (31.092%) 57 (48.305%)

(ii) Yes 62 (52.101%) 81 (68.644%) 82 (68.908%) 61 (51.695%)
Chemotherapy 0.076 <0.001
(i) No 44 (36.975%) 31 (26.271%) 25 (21.008%) 50 (42.373%)

(ii) Yes 75 (63.025%) 87 (73.729%) 94 (78.992%) 68 (57.627%)

Targeted therapy 0.688 0.688
(i) No 86 (72.269%) 88 (74.576%) 86 (72.269%) 88 (74.576%)

(ii) Yes 33 (27.731%) 30 (25.424%) 33 (27.731%) 30 (25.424%)

Topical treatment 0.421 0.098
(i) No 94 (78.992%) 88 (74.576%) 86 (72.269%) 96 (81.356%)

(ii) Yes 25 (21.008%) 30 (25.424%) 33 (27.731%) 22 (18.644%)

Metastasis surgery 0.691 0.068
(i) No 103 (86.555%) 100 (84.746%) 97 (81.513%) 106 (89.831%)

(ii) Yes 16 (13.445%) 18 (15.254%) 22 (18.487%) 12 (10.169%)

*P <0.05 considered as statistically significant.
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TaBLE 2: Univariate and multivariate Cox analysis for OS in patients with CRLM.
Variables Univariate analysis Multivariate Analysis

HR (95%CI) P value* HR (95%CI) P value*

Age 1.157 (0.861, 1.555) 0.321
(i) <65 vs. >65
Sex 1.305 (0.956, 1.781) 0.076
(i) Male vs. Female
Number of Liver metastases 2.056 (1.538, 2.749) <0.001 1.760 (1.215, 2.599) 0.004
(1) <2 vs. >2
Type of liver metastases 0.539 (0.401, 0.723) <0.001 0.598 (0.409, 0.862) 0.007
(i) Simultaneous vs. Metachronous
Tumor location 1.482 (1.047, 2.098) 0.012 1.530 (1.086, 2.128) 0.013
(i) LCRC vs. RCC
Pathological type 0.816 (0.456, 1.460) 0.529
(i) Adenocarcinoma vs. nonadenocarcinoma
Degree of tumor differentiation 0.768 (0.506, 1.166) 0.092
(i) Poorly vs. moderately vs. well
cT classification 1.429 (1.077, 1.898) 0.012 1.277 (0.949, 1.720) 0.106
(i) 1-3 vs. 4
cN classification 1.601 (1.189, 2.157) <0.001 1.422 (1.047, 1.927) 0.024
(i) 0-1 vs. 2-3
KPS scores 1.592 (1.092, 2.322) 0.005 1.396 (0.970, 1.977) 0.066
(i) >80 vs. <80
Primary surgery 0.439 (0.316, 0.611) <0.001 0.659 (0.466, 0.935) 0.019
(i) No vs. Yes
Chemotherapy 0.543 (0.385, 0.767) <0.001 0.628 (0.452, 0.880) 0.006
(i) No vs. Yes
Targeted therapy 0.794 (0.584, 1.080) 0.161
(i) No vs. Yes
Topical treatment 0.684 (0.505, 0.926) 0.023 0.933 (0.648, 1.321) 0.700
(i) No vs. Yes
Metastasis surgery 0.531 (0.378, 0.747) 0.002 0.978 (0.594, 1.560) 0.928
(i) No vs. Yes
ApoA-1I 0.655 (0.493, 0.872) 0.003 0.717 (0.527, 0.976) 0.034
(i) <1.03 vs. >1.03
NLR 1.583 (1.191, 2.105) 0.001 1.159 (0.852, 1.578) 0.348

(i) <3.24 vs. >3.24

*P < 0.05 considered as statistically significant.

in CRLM (Figure 5). Based on the area under curve (AUC),
the prediction of the risk-stratified prognostic model was
0.623 (95% CI: 0.557-0.639, P =0.001), which was higher
than other individual indicators (ApoA-I: AUC=0.589,
95% CI: 0.557-0.639, P=0.003; NLR: AUC=0.576, 95%
CI: 0.539-0.625, P=0.001; cT classification: AUC =0.599,
95% CI: 0.527-0.614, P=0.006; cN classification: AUC =
0.581, 95% CI: 0.514-0.602, P =0.003). Furthermore, we
combined the cTN classification and prognostic model for
ROC analysis. The results showed that the combined AUC
(AUC=0.715, 95% CI: 0.606-0.708, P < 0.001) was superior
to the ¢TN classification or prognostic model. Moreover, to
examine the prognostic significance of the prognostic model
in patients with CRLM, we analyzed the prognostic effects in

subgroups stratified by ¢TN classification. OS was sig-
nificantly worse in high-risk patients compared to those
at low and medium risk (P=0.012, P<0.001, P=0.010,
P=0.005 for T1-3, T4, NO-1, and N2-3 stages, respectively),
as shown in Figure 6.

4. Discussion

In this study, we assessed the prognosis of patients with
CRLM using serum ApoA-I level and NLR. Univariate Cox
analysis showed that ApoA-I level, NLR, cT classification,
cN classification, the number of liver metastases, type of liver
metastases, KPS scores, tumor location, chemotherapy, top-
ical treatment, metastasis surgery, and primary surgery were
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FIGURE 2: Kaplan-Meier curves of OS according to the ApoA-I (a) and NLR (b).

associated with OS. Further multivariate Cox analysis sug-
gested that higher levels of ApoA-I, metachronous liver
metastases, left-sided colon cancer, primary surgery, chemo-
therapy, lower levels of cN classification (NO-1), and lower
number of liver metastases (<2) were associated with better
OS. Based on Kaplan-Meier survival analysis at independent
prognostic levels, patients with CRLM having high ApoA-I
levels or low NLR had a prolonged OS and those having
lower levels of ApoA-I or higher NLR were associated with

shorter OS. Consequently, we combined ApoA-I and NLR
to construct a risk-stratified prognostic model. The predic-
tive risk model revealed that ApoA-I levels and NLR could
be used to evaluate the prognosis of patients with CRLM
and monitor the efficacy of treatment. In addition, we used
AUC values to rate the prognostic predictive capacity of
the prognostic model in CRLM and found that the AUC
value of the model (AUC=0.623, 95% CI: 0.557-0.639,
P =0.001) was higher than those of ApoA-I and NLR alone.
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No. of events/No. of patients (%) P value for
Factor ApoA-1<1.03 ApoA-1>1.03 HR (95%CI) P value interaction
All patients 101/119 (84.87) 93/118 (78.81) [ 0.655 (0.493-0.812) 0.003
Sex 0.544
Male 65/78 (83.33) 62/80 (77.50) o 0.622 (0.436-0.888) 0.006
Female 36/41 (87.80) 31/38 (81.58) bt 0.737 (0.456-1.192) 0.209
Tumor location 0.045
LCRC 73/89 (82.02) 67/87 (77.01) o] 0.726 (0.520-1.013) 0.056
RCC 28/30 (93.33) 26/31 (83.87) —o—i 0.440 (0.249-0.779) 0.002
Pathological type 0.873
Adenocarcinoma 95/112 (84.82) 89/114 (78.07) o 0.651 (0.458-0.873) 0.003
Non adenocarcinoma  6/7 (85.71) 4/4 (100.00) et 0.493 (0.141-1.726) 0.198
T classification 0.225
1-3 50/58 (86.21) 41/59 (69.49) —o—i 0.546 (0.359-0.830) 0.003
4 51/61 (83.61) 52/59 (88.14) —o— 0.782 (0.529-1.154) 0.208
N classification 0.974
0-1 55/69 (79.71) 52/73 (71.23) —e—i} 0.653 (0.444-0.960) 0.026
2-3 46/50 (92.00) 41/45 (91.11) —e—i 0.633 (0.413-0.970) 0.028
KPS 0.048
>80 64/80 (80.00) 83/105 (79.05) —o-H 0.803 (0.576-1.120) 0.186
<80 37/39 (94.87) 10/13 (76.92) o 0.359 (0.202-0.640) <0.001
Primary surgery 0.503
No 50/57 (87.72) 31/37 (83.78) —o1 0.796 (0.513-1.234) 0.311
Yes 51/62 (82.26) 62/81 (76.54) —o— 0.675 (0.459-0.992) 0.035
Chemotherapy 0.895
No 40/44 (90.91) 24/31 (77.42) —o— 0.705 (0.431-1.153) 0.168
Yes 61/75 (81.33) 69/87 (79.31) o 0.676 (0.474-0.964) 0.023
Targeted therapy 0.514
No 73/86 (84.88) 72/88 (81.82) —o—i| 0.696 (0.500-0.969) 0.027
Yes 28/33 (84.85) 21/30 (70.00) —e—i 0.518 (0.293-0.916) 0.017
Metastasis surgery 0.577
No 89/103 (86.41) 80/100 (80.00) o 0.634 (0.467-0.861) 0.003
Yes 12/16 (75.00) 13/18 (72.22) —e— 0.764 (0.345-1.693) 0.497
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FiGure 3: Continued.
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P value for
Factor NLR <3.24 NLR > 3.24 HR (95%CI) Pvalue interaction
All patients 90/119 (75.63) 104/118 (88.14) —e—i 1.583 (1.191-2.105) 0.001
Sex 0.926
Male 56/77 (72.73) 71/81 (87.65) ——i 1.634 (1.151-2.321) 0.005
Female 34/42 (80.95) 33/37 (89.19) b e 1.565 (0.956-2.561) 0.064
Tumor location 0.347
LCRC 67/93 (72.04) 73/83 (87.95) —e— 1.718 (1.223-2.413) 0.001
RCC 23/26 (88.46) 31/35 (88.57) — e 1.216 (0.713-2.074) 0.463
Pathological type 0.363
Adenocarcinoma 86/115 (74.78) 98/111 (88.29) —e— 1.636 (1.220-2.194) <0.001
Non adenocarcinoma 4/4 (100.00) 6/7  (85.71) e 1.253 (0.361-4.349) 0.704
T classification 0.399
1-3 45/61 (73.77) 46/56 (82.14) —eo—— 1.434 (0.945-2.176) 0.081
4 45/58 (77.59) 58/62 (93.55) — 1.712 (1.159-2.529) 0.006
N classification 0.942
0-1 54/76 (71.05) 53/66 (80.30) —e— 1.494 (1.014-2.201) 0.035
2-3 36/43 (83.72) 51/52 (98.08) —&—— 1.580 (1.037-2.407) 0.032
KPS 0.839
>80 75/100 (75.00) 72/85 (84.71) beooe 1.489 (1.069-2.073) 0.014
<80 15/19 (78.95) 32/33(96.97) ——————1  1.654 (0.929-2.944) 0.095
Primary surgery 0.192
No 27/37 (72.97) 54/57 (94.74) —e— 1.632 (1.054-2.529) 0.034
Yes 63/82 (76.83) 50/61 (81.97) —&— 1.284 (0.879-1.877) 0.183
Chemotherapy 0.664
No 19/25 (76.00) 45/50 (90.00) S 1.284 (0.769-2.145) 0.356
Yes 71/94 (75.53) 59/68 (86.76) —— 1.510 (1.054-2.163) 0.017
Targeted therapy 0.859
No 67/86 (77.91) 78/88 (88.64) e 1.538 (1.107-2.136) 0.009
Yes 23/33 (69.70) 26/30 (86.67) ———&——— 1.687 (0.953-2.987) 0.058
Metastasis surgery 0.616
No 75/97 (77.32) 94/106 (88.68) —e— 1.452 (1.073-1.965) 0.015
Yes 15/22 (68.18) 10/12 (83.33) ° +:877(0.770-4.577) 0.113
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FIGURE 3: Stratified associations between ApoA-I (a), NLR (b), and prognosis by clinical features.

For the combination of the model and ¢TN classification, we
also found that the AUC value of the model (AUC =0.715.
95% CI: 0.606-0.708, P <0.001) was superior to the cTN
classification and prognostic model alone.

Moreover, we found a significant association of ApoA-I
level, tumor location, and KPS scores on the risk of death
according to the interaction assays. The relationship
between ApoA-I level and prognosis was less apparent in
those colon cancer in the left side and KPS scores > 80 com-
pared with those colon cancer on the right side and KPS
scores < 80. The underlying causes of these differences must
be investigated further.

Zhang et al. have shown that lipid metabolism is associ-
ated with tumorigenesis and tumor progression [19]. ApoA-
I, the major protein component of high-density lipoprotein
(HDL), is synthesized mainly in the liver and small intestine
and is one of the member of the apolipoprotein A1/A4/E
family [20].ApoA-I binds to ABCA1 on the cell membranes
of hepatocytes and intestinal cells and mediates the produc-
tion of new HDL particles. ApoA-I stabilizes ABCA1 on the
hepatocyte and intestinal cell membrane to mediate phos-
pholipids and free cholesterol flowing out to form new

HDL particles. ABCA1 lipid efflux in peripheral tissues
initiates RCT [21, 22]. In addition, ApoA-I leads to the
maturation of HDL particles through activation of lecithin
cholesterol acyltransferase [23]. In dish-shaped or more
mature HDL particles, lipidified ApoA-I interacts with
another transporter of the ABC family, ATP-binding cas-
sette subfamily G member 1, further facilitating RCT [24].
ApoA-I is related to cholesterol transport, inflammatory,
and immune response regulation. From the perspective of
humoral arm of innate immunity, ApoA-I has proved to
inhibit the formation of the complement terminal attack
complex C5b-9 and contribute to complement clearance by
interfering with C9 polymerization and incorporation mem-
brane [25]. Among the antigen-induced mouse arthritis
model, ApoA-I/HDL inhibited dendritic cell maturation
and reactivity of Thl and Th17 cells, resulting in alleviating
arthritis [26]. ApoA-I levels are strongly related to therapeu-
tic efficacy and the risk of various tumors. For example, by
comparing the level of ApoA-I in patients with nasopharyn-
geal cancer and ovarian cancer before chemotherapy, a
higher level of ApoA-I improved the overall survival after
chemotherapy [27]. The Malmo Diet and Cancer Study
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FIGURE 4: A novel risk-stratified prognostic model constructed by three categories.
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FIGURE 6: Prognostic significance of risk-stratified prognostic models in CRLM at different clinical stages by Kaplan-Meier survival curves.
(a) OS in patients with CRLM in stages T1-3; (b) OS in patients in stage T4 CRLM; (c) OS in patients with CRLM in stages NO-1; (d) OS of

patients with stages N2-3 CRLM.

showed that the incidence of colorectal cancer, lung cancer,
and breast cancer is negatively correlated with HDL-C and
ApoA-I levels [28]. A cross-sectional study in South Korea
has also reported the correlation between HDL/ApoA-I
levels and high risks of colorectal cancer, and in colonos-
copy, the precancerous lesion of colorectal cancer (colon
adenoma) is associated with a lower HDL level [29, 30].
Nonetheless, the predictive value of ApoA-I levels on OS
in patients with CRLM remains unclear. Our analyses
revealed that high ApoA-I level was significantly associated
with prolonged OS. Li et al. discovered that elevated
ApoA-I inhibits the movement and invasion of neutrophils
at tumor sites rich in chronic inflammatory factors, thereby

reducing the number of neutrophils infiltrating tumor tissue
and ultimately increasing the survival rate [12]. Increasing
ApoA-I levels by ApoA-I transgenic mice expression inhib-
ited lymphocyte activation, decreased germinal center B cell
numbers at length, and ameliorated glomerulonephritis [13].
These studies indicate that ApoA-I influences the number of
leukocytes and the development of inflammatory responses
in the body. Numerous researchers have revealed the prog-
nostic value of NLR in various cancers. A study has shown
that a high NLR was linked to shorter survival in laryngeal
cancer patients treated with a preservation protocol [31].
Liu et al. found that NLR may be one of the prognostic indi-
cators for the treatment of metastatic non-small cell lung
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cancer [32]. A study of thyroid cancer showed that preoper-
ative NLR measurements were associated with pathological
predictors such as tumor size [33]. There is an important
link between high NLR and poor long-term survival rate
and higher risk of colorectal cancer extrahepatic recurrence.
Some studies support a high NLR predicts more aggressive
systemic disease and may serve as a biomarker for preoper-
ative risk stratification with patients undergoing CRLM
resection [34].

In this retrospective study, NLR and ApoA-I levels were
contrasted separately and combined to evaluate the progno-
sis of patients with CRLM. We discovered that ApoA-I com-
bined with NLR could be used as a prognostic predictor for
CRLM. However, there are some limitations to this study.
Patients were sourced from a single center, and selection bias
may exist. In addition, it would be worthwhile to investigate
the prognostic capacities of our model in CRLM patients
with coexisting diseases (such as diabetes, hyperlipidemia,
or metabolic syndrome) that alter lipid levels. A prospective
study with a more extensive and diverse patient population
is needed to validate our findings.

Tumor patients need to undergo various examinations to
evaluate treatment efficacy and the monetary cost is
considerable. This study constructs a risk stratification
model to assess the prognosis of patients with CRLM using
serum ApoA-I level and NLR. In conclusion, this study pro-
vides a noninvasive and convenient indicator for long-term
dynamic monitoring of patients.
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