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Background: Abnormal lipid levels have been associated with cancer incidence
and progression. However, limited studies have investigated the relationship
between apolipoprotein A-1 (ApoA-1) and colorectal cancer (CRC). This study
assessed the significance of ApoA-I levels in progression-free survival (PFS) and
overall survival (OS) of patients with CRC.

Methods: Survival curves were compared using Kaplan—Meier analysis, while the
predictive values of various lipid indicators in CRC prognosis were evaluated
based on receiver operating characteristic curves. The factors influencing PFS
and OS in patients with CRC were analyzed using Cox proportional hazards
regression models. Finally, the relationship between ApoA-| level and disease
recurrence was investigated through logistic regression analysis. The optimal
Apo-I level was determined through maximally selected rank statistics.

Results: Using the optimal ApoA-I cutoff value (0.9 g/L), the 1,270 patients with
CRC were categorized into low (< 0.9 g/L, 275 cases) and high (>0.9 g/L, 995 cases)
ApoA-I groups. Compared with other lipid indicators, ApoA-I demonstrated
superior predictive accuracy. The high ApoA-I group exhibited significantly
higher survival rates than the low ApoA-I group (PFS, 64.8% vs. 45.2%, P < 0.001;
OS, 66.1% vs. 48.6%, P < 0.001). Each one-standard-deviation increase in ApoA-|
level was related to a 12.0% decrease in PFS risk (hazard ratio [HR] 0.880; 95%
confidence interval [Cl], 0.801-0.968; P = 0.009) and an 11.2% decrease in OS risk
(HR 0.888; 95%Cl, 0.806-0.978; P = 0.015). Logistic regression analysis revealed
that patients with low ApoA-I had a 32.5% increased risk of disease recurrence
(odds ratio [OR] 0.675; 95%Cl, 0.481-0.946; P = 0.0225) compared with those
with high ApoA-I. PFS/OS nomograms based on ApoA-I demonstrated excellent
prognostic prediction accuracy.

Conclusions: Serum ApoA-I| level may be a valuable and non-invasive tool for
predicting PFS and OS in patients with CRC.
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Background

Colorectal cancer (CRC) is among the most prevalent
malignancies and poses a significant threat to human health. In
Western countries, CRC ranks as the second leading cause of
cancer-related fatalities (1). The situation in China is no less
daunting, where CRC is the third leading cause of cancer-related
death (2). Generally, the risk of CRC increases rapidly with age. In
recent years, patients with CRC aged <65 years in the United States
have accounted for 45% of cases. Patients with early-stage CRC who
undergo surgical treatment can achieve a survival rate of >90%.
However, 60% of CRC cases are diagnosed at an advanced stage,
with a higher proportion of patients experiencing distant metastasis,
leading to a survival rate of <20% for metastatic CRC (3). Therefore,
widespread concern exists regarding the need to identify factors that
can guide clinical treatment and predict the outcome of patients
with CRC.

Numerous prognostic factors utilizing peripheral biochemical
biomarkers have been validated (4-6). Dysregulated lipid levels
have been consistently linked to the occurrence, risk, and
progression of CRC. Dysregulation of lipid metabolism has a
significant impact on the tumor microenvironment, suggesting a
potential interaction between lipid metabolism and immune
response (7). Increasing evidence suggests that lipid metabolism is
a key determinant affecting immune therapy and clinical responses
in cancer patients (8). Dysregulated lipid metabolism can enhance
the occurrence, establishment, and metastatic potential of tumor
cells (9). Controlling systemic lipid metabolism may contribute to
improving responses to immunotherapy, with lipid metabolism
interventions serving as regulators of anticancer immune
responses and catalysts for anticancer immunotherapy, offering
significant therapeutic potential (10). Therefore, lipid metabolism,
especially that of apolipoprotein A-I (ApoA-I), and its relationship
with cancer have recently attracted significant attention. ApoA-I is
primarily synthesized in the liver and is a significant constituent of
high-density lipoproteins (HDL). ApoA-I possesses multiple
biological functions, including cholesterol transport, antioxidant
properties, anti-inflammatory effects, and anticoagulant activities
(11). Pulcrano et al. indicated that ApoA-I is a beneficial
lipoprotein, particularly as a protective factor against
cardiovascular diseases (12). ApoA-I is closely associated with the
onset, progression, and prognosis of various cancer types, including
renal cell carcinoma (13), esophageal squamous cell carcinoma (14),
nasopharyngeal carcinoma (15), ovarian cancer (16), non-small cell
lung cancer (17), and bladder cancer (18). Nevertheless, research
investigating the relationship between ApoA-I and the prognosis of
patients with CRC is scarce (19). The role of ApoA-I in cancer
remains controversial, with some studies suggesting anti-cancer
effects (20, 21) and other studies reporting a positive correlation
between ApoA-I level and breast cancer risk (22).

In this context, the present study utilized clinical cohort analysis
to explore the relationship between ApoA-I levels and the
progression-free survival (PFS) and overall survival (OS) of
patients with CRC who underwent surgical treatment.
Additionally, a predictive nomogram based on ApoA-I was
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developed to offer novel insights into the prognostic evaluation of
patients with CRC.

Methods
Participants

This study included 1,270 patients with CRC who received
treatment at the First Affiliated Hospital of Guangxi Medical
University between 2015 and 2017. The eligibility criteria for
inclusion were: 1. no preoperative treatments including
radiotherapy, chemotherapy, or immunotherapy; 2. postoperative
pathological confirmation of CRC; 3. availability of complete
clinical and pathological data; and 4. age =18 years. The exclusion
criteria included: 1. history of dyslipidemia and 2. the presence of
acute and chronic diseases such as hereditary hyperlipidemia, other
malignant tumors, liver or kidney dysfunction, and cardiovascular
diseases, which could potentially interfere with the study results.

Data collection

Various clinical data, including age, sex, body mass index
(BMI), medical history, serum lipid parameters, postoperative
pathological examination reports (tumor location, size, TNM
stage, neural/vascular invasion, and differentiation degree),
postoperative radiotherapy, and chemotherapy, were collected.
The assessed lipid indicators included ApoA-I, ApoB, ApoA-I/
ApoB, total cholesterol (TC), triglyceride (TG), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and
lipoprotein (a) [Lp(a)]. The clinical and pathological data
collected were obtained from the electronic medical records
system of the research center.

Follow-up

All patients were followed up through telephone consultations
and regular outpatient visits until January 2023, resulting in a total
follow-up period ranging from 1 month to 106 months (median
64.9 months). OS and PES were assessed in the prognostic follow-
up cohort. OS was defined as the duration from the date of surgery
until either death attributed to CRC or the last follow-up, whereas
PFES was defined as the time elapsed from the date of surgery to the
occurrence of local or distant disease recurrence.

Statistical analysis

Continuous data were reported as means + standard deviation
(SD) or medians (interquartile range [IQR]). T-tests were
performed for comparisons between groups. Categorical data
were presented as counts (%) and compared using the ¥ test.
The optimal threshold of ApoA-I was determined using maximally
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selected rank statistics. Kaplan—-Meier (K-M) analysis with log-rank
test was employed to compare survival curves between the low and
high ApoA-I groups according to the threshold value. The area
under the receiver operating characteristic (ROC) curve (AUC) was
used to analyze the predictive value of various lipid indicators for
CRC prognosis. To investigate the continuous association between
ApoA-TI and survival, restricted cubic splines (RCS) were employed.
The Cox proportional hazards regression models were applied to
investigate the variables that influenced both PFS and OS in patients
with CRC. Logistic regression analysis was performed to evaluate
the correlation between ApoA-I levels and CRC recurrence. Finally,
nomograms were constructed using statistically significant
indicators, and discrimination and calibration were evaluated
using the C-index, ROC curve, and calibration curve. The clinical
utility of the nomogram was evaluated using decision curve analysis
(DCA). P < 0.05 was considered statistically significant.

Results

Comparisons of general clinical data
between patients with CRC according to
ApoA-I level

Among the 1,270 patients with CRC, the mean age was 59.22 +
12.65 years, and 63.3% were male. A total of 623 patients (49.1%)
had colon cancer, and 647 patients (50.9%) had rectal cancer.
Recurrence occurred in 349 patients (27.5%) and 517 patients
(40.7%) died. Clinicopathological staging revealed 318 cases
(25.0%) of stage I-II and 952 cases (75.0%) of stage III-IV CRC.

The 1,270 patients with CRC were divided into two groups
based on the optimal ApoA-I cutoff: low (ApoA-I <0.9 g/L, 275
cases) and high (ApoA-I >0.9 g/L, 995 cases) (Figure S1). ApoA-I
level was significantly associated with several factors, including sex,
hypertension, diabetes, T stage, M stage, tumor location, tumor size,
carcinoembryonic antigen (CEA) level, length of hospital stay, and
hospitalization costs. Additionally, patients with a low ApoA-I level
had a significantly higher overall mortality rate than those with a
high ApoA-I level, with a difference of 16.7% (53.8% vs. 37.1%; P <
0.001) (Table S1). Furthermore, the investigation of the distribution
of median ApoA-I levels among various clinicopathological
characteristics revealed notably lower ApoA-I levels in male
patients with stage III-IV CRC, patients who experienced
recurrence, and patients who died (Figure S2).

Comparison of the prognostic values of
serum lipids

To compare the predictive value of lipid indicators for the
outcome of patients with CRC, ROC curves were generated for the
3- and 5-year outcomes, and the AUCs were calculated. Among all
lipid indicators, ApoA-I had the highest AUC for both 3- and 5-
year PES (Figures S3A, B). Similarly, compared with HDL, ApoA-I/
ApoB, TG, TC, ApoB, LDL, and Lp(a), ApoA-I exhibited the
highest predictive accuracy for 3- and 5-year OS (Figures S3C, D).
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Kaplan—Meier survival analysis

The high ApoA-I group had significantly higher survival rates
compared to the low ApoA-I group at the same time points, indicating
a significant association between ApoA-I levels and PFS and OS in
patients with CRC (PFS: 64.8% vs. 45.2%, P < 0.001; OS: 66.1% vs.
48.6%, P < 0.001) (Figure 1). Considering the prognostic implications
of TNM stage, tumor location, and CEA level, a subgroup analysis was
performed using the K-M method among patients diagnosed with
CRC. In the TNM stage subgroup analyses, the low ApoA-I group
displayed worse PES and OS than the high ApoA-I group in both stage
I-II and HI-IV CRC (Figure 2). In the tumor location subgroup
analyses, the low ApoA-I group also exhibited worse PFS and OS than
the high ApoA-I group (Figures 4, S5). In the CEA subgroup analyses,
ApoA-T effectively differentiated between PFS and OS in patients with
CRC, with better discrimination in the high CEA group than in the
normal CEA group (Figure S6).

Prognostic value of ApoA-I

Figure 3 illustrates the utilization of RCS to visually depict the
flexible relationship between ApoA-I levels and both PFS and OS
across various adjusted models. The results indicated a gradual
decrease in the hazard ratio [HR] for survival with increasing
ApoA-I levels. This trend remained consistent across different
models. Tables 1 and 2 show the results of more detailed analyses
of the relationships between ApoA-I levels and PFS and OS. As a
continuous variable, every SD increase in ApoA-I was associated with
a 12.0% decrease in PFS risk (HR 0.880; 95% confidence interval [CI],
0.801-0.968; P = 0.009) and an 11.2% decrease in OS risk (HR 0.888;
95%ClI, 0.806-0.978; P = 0.015) in patients with CRC. High ApoA-I
levels were associated with a 27.9% lower risk of adverse PFS (HR
0.721;95%CI, 0.59-0.881; P = 0.001) and a 26.4% lower risk of adverse
OS (HR 0.736; 95%CI, 0.599-0.905; P = 0.004) compared with low
ApoA-I levels. Furthermore, quartile analysis indicated that compared
with the reference level Q1 (~0.92), Q2 (0.92-1.06), Q3 (1.06-1.25),
and Q4 (1.25+) were associated with decreased risks of adverse PFS
and OS. In the multivariate forest plots of PFS and OS, ApoA-I was an
independent protective factor in most subgroups (Figure S7).
Additionally, examination of the relationship between ApoA-I and
postoperative recurrence showed a higher risk of recurrence in the low
ApoA-I group than in the high ApoA-I group (25.7% vs. 33.8%, P =
0.010). Multivariate logistic regression analysis revealed that for every
SD increase in ApoA-I, the risk of disease recurrence decreased by
54% (odds ratio [OR], 0.460; 95%CI, 0.250-0.830; P = 0.010).
Compared with the high ApoA-I group (=0.9 g/L), the low ApoA-I
group (<0.9 g/L) had a 32.5% higher risk of disease recurrence (OR,
0.675; 95%CI, 0.481-0.946; P = 0.0225) (Table 3).

ApoA-I-based prediction nomograms
Preoperative ApoA-I, age, T stage, N stage, M stage, and CEA

independently predicted both PFS and OS (Tables S2, S3).
Consequently, nomograms utilizing these indicators were created

frontiersin.org


https://doi.org/10.3389/fendo.2024.1318416
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Xie et al. 10.3389/fendo.2024.1318416

A Kaplan-Meier Curve for PFS B Kaplan-Meier Curve for OS
Strata == Low == High Strata == Low == High
1.00 1.00
> .

£ 075 High ApoA-, 5-year PFS 60.4% £ 075 High ApoA-l, 5-year 0 62.9%
2 3
3 5
g 0.50 £ 0.50
s s 5 9
H Low ApoA-l, 5-year PFS 43.3% £ 0.25 Low ApoA, 5-year 0S 46.2%
5 0.25; | og-rank 5 9 Log-rank
*» p < 0.001 » p <0.001

0.00 0.00

12 24 36 48 60 72 84 96 12 24 36 48 60 72 34 96
Follow-up time (month) Follow-up time (month)
Number at risk: n (%) >‘ Number at risk: n (%)

> z
§ Low{275(100) 231(84) 199(72)  180(65) 165(60) 141 (51) 90(33) 44 (18) 23(8) % Low{275(100) 253(92) 225(82) 199(72) 176(64) 146(53)  92(33) 47(17) 26(9)
<3 =
5 =
T Highfossion) soaien) 7o) rao@a)  7To2(1) 22063 383 207N TI®) _g High Jess (100) 962(e7) ssa(se) 793 (80) 739(74) e4s(es) 37T 215(22)  78(8)
H
(?J 0 12 24 84 96 U;J 0 12 24 72 84 96

%6 48 60
% 48 60 a
Follow-up time (month) Follow-up time (month)

FIGURE 1
Kaplan-Meier curve of ApoA-I for PFS and OS in patients with colorectal cancer. (A), Kaplan-Meier curve for PFS (High ApoA-I vs Low ApoA-I; 60.4%
vs 43.3%); (B), Kaplan-Meier curve for OS (High ApoA-I vs Low ApoA-I; 62.9% vs 46.2%).
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FIGURE 2
Stratified survival analysis of ApoA-I based on TNM stage subgroup. (A), Kaplan-Meier curve for PFS (Stage I-11); (B), Kaplan-Meier curve for OS (Stage
I-11); (C), Kaplan-Meier curve for OS (Stage llI-1V); (D), Kaplan-Meier curve for OS (Stage IlI-1V).
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FIGURE 3

Restricted cubic spline model analysis was conducted to assess the correlation between ApoA-| levels and PFS/OS in patients with colorectal cancer.
(A), PFS; (B), OS. Model 1: Not adjusted. Model 2: Adjusted for sex, age, and BMI. Model 3: Adjusted for sex, age, BMI, hypertension, diabetes, T stage,
N stage, M stage, tumor size, perineural invasion, vascular invasion, differentiation, radiotherapy, chemotherapy.

to forecast 1-5-year PFS and OS for patients diagnosed with CRC
(Figures 4A, B). The C-index of the nomograms indicated their
good predictive performance for OS (0.726) and PFS (0.719) in
patients with CRC. Further ROC analysis demonstrated the high
predictive performance of these nomograms for PFS and OS, with
1-, 3-, and 5-year AUC values of (0.799 vs. 0.776 vs. 0.764) and
(0.767 vs. 0.773 vs. 0.766), respectively (Figure S8). The calibration
curves exhibited satisfactory concordance between the predicted
values and actual clinical outcomes (Figure S9). Moreover, DCA to
compare the clinical benefits of ApoA-I-based nomograms with
those of traditional tumor staging showed superior clinical benefits

of the ApoA-I-based nomograms for both PFS and OS, (Figure
S10A, B). Subsequently, based on the median scores of the
nomograms, the patients were divided into high-score and low-
score groups. The high-scoring group showed significantly worse
PFS and OS compared to the low-scoring group (Figure S11A, B).

Discussion

Mounting evidence suggests the critical role of systemic
inflammation in both cancer onset and progression (23, 24).

TABLE 1 Association between ApoA-I and PFS of patients with colorectal cancer.

ApoA-I Model 1 p value Model 2 p value Model 3 p value
Continuous (per SD) | 0.837 (0.768,0.913) <0.001 0.905 (0.826,0.992) 0.032 0.88 (0.801,0.968) 0.009
Cutoff value (High) 0.629 (0.522,0.757) <0.001 0.75 (0.616,0.912) 0.004 0.721 (0.59,0.881) 0.001
Quartiles

Q1 (~0.92) ref ref ref

Q2 (0.92~1.06) 0.612 (0.484,0.773) <0.001 0.669 (0.527,0.848) 0.001 0.637 (0.5,0.812) <0.001

Q3 (1.06~1.25) 0.757 (0.607,0.944) 0.013 0.84 (0.669,1.055) 0.133 0.783 (0.621,0.988) 0.04

Q4 (1.25~) 0.627 (0.495,0.795) <0.001 0.785 (0.609,1.01) 0.06 0.736 (0.567,0.955) 0.021
p for trend 0.001 0.168 0.071

Model 1: Not adjusted.

Model 2: Adjusted for sex, age, and BMIL
Model 3: Adjusted for sex, age, BMI, hypertension, diabetes, T stage, N stage, M stage, tumor size, perineural invasion, vascular invasion, differentiation, radiotherapy, chemotherapy.
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TABLE 2 Association between ApoA-1 and OS of patients with colorectal cancer.

10.3389/fendo.2024.1318416

ApoA-I Model 1 p value Model 2 p value Model 3 p value
Continuous (per SD) 0.836 (0.765,0.913) <0.001 0.896 (0.818,0.983) 0.02 0.888 (0.806,0.978) 0.015
Cutoff value (High) 0.622 (0.514,0.752) <0.001 0.74 (0.606,0.904) 0.003 0.736 (0.599,0.905) 0.004
Quartiles

Q1 (~0.92) ref ref ref

Q2 (0.92~1.06) 0.616 (0.485,0.783) <0.001 0.69 (0.541,0.88) 0.003 0.677 (0.529,0.868) 0.002

Q3 (1.06~1.25) 0.742 (0.591,0.932) 0.01 0.813 (0.643,1.027) 0.083 0.782 (0.615,0.993) 0.044

Q4 (1.25~) 0.611 (0.478,0.78) <0.001 0.743 (0.574,0.962) 0.024 0.732 (0.559,0.958) 0.023
p for trend 0.001 0.059 0.051

Model 1: Not adjusted.
Model 2: Adjusted for sex, age, and BMI.

Model 3: Adjusted for sex, age, BMI, hypertension, diabetes, T stage, N stage, M stage, tumor size, perineural invasion, vascular invasion, differentiation, radiotherapy, chemotherapy.

Serum markers of systemic inflammation, such as serum C-reactive
protein and procalcitonin, have been identified as adverse
prognostic factors in various cancers (25, 26). Interestingly, serum
ApoA-I levels have shown a significant association with systemic
inflammatory markers. In their study involving 144 patients with
CRC, Sirnio et al. (26) observed a robust negative relationship
between serum ApoA-I levels and systemic inflammatory markers,
including serum C-reactive protein level, interleukin-8 level, and
blood neutrophil count. Furthermore, the authors reported a
notable association between low serum ApoA-I levels and
advanced T and TNM stages. Consequently, serum ApoA-I levels
show promise as an indicator of both systemic inflammation and
tumor progression. Similarly, the results of the present study
revealed a significant association between ApoA-I levels and
tumor progression. Low ApoA-I levels were significantly
correlated with advanced pathological staging, larger tumor
diameters, and higher CEA levels. Additionally, compared with
patients with high ApoA-I levels, patients with low ApoA-I levels
exhibited higher rates of recurrence, mortality, and hospitalization
burden. Thus, decreased ApoA-I levels may serve as an indicator of
aggressive tumor behavior and poor prognosis. The correlation
between serum ApoA-I levels and tumor characteristics, as revealed

in this study, can provide tailored guidance for treatment decisions
and prognosis assessment.

ApoA-T itself possesses antitumor properties by reducing
angiogenesis, altering immune cells, enhancing cholesterol efflux, and
reversing sterol transport in cancer cells, which may inhibit tumor cell
proliferation or growth (21). Although ApoA-I is linked to the
development of various tumors and is a potential biochemical marker
for diagnosing various cancers (27, 28), limited research has explored
the correlation between ApoA-I level and the outcomes of patients with
CRC. A study by Quan et al. (19) involving 508 participants, suggested
that ApoA-I could serve as a prognostic factor in patients with
metastatic CRC treated with bevacizumab. Zhang et al’s meta-
analysis found that serum ApoA-I could serve as a non-invasive
marker for predicting the prognosis of various tumors, including
CRC (29). Sirni6 et al. also identified serum ApoA-I as a promising
additional prognostic parameter for CRC (26). However, these studies
were limited by small sample sizes or focused mainly on late-stage
patients. Gu et al. evaluated four key blood lipid factors and established a
novel lipoprotein cholesterol-apolipoprotein score for predicting the
prognosis of patients undergoing CRC resection (30). In our study, we
compared the prognostic values of eight common blood lipid factors
and found that ApoA-I was the optimal blood lipid factor for predicting

TABLE 3 Association between ApoA-I and recurrence of patients with colorectal cancer.

ApoA-I Model 1 p value

Continuous (per SD) 0.487 (0.297,0.798) 0.0043

Model 2

0.619 (0.354,1.082) 0.0921

p value Model 3 p value

0.46 (0.25,0.83) 0.01

Cutoff value (High) 0.678 (0.509,0.904) 0.008

0.678 (0.509,0.904) 0.008

0.675 (0.481,0.946) 0.0225

Quartiles
Q1 (~0.92) ref ref ref
Q2 (0.92~1.06) 0.714 (0.505,1.007) 0.055 0.725(0.494,1.065) 0.101 0.668(0.451,0.989) 0.044
Q3 (1.06~1.25) 0.813 (0.579,1.141) 0.231 0.865(0.592,1.264) 0.455 0.757(0.511,1.123) 0.166
Q4 (1.25~) 0.67 (0.473,0.948) 0.024 0.825(0.553,1.229) 0.344 0.685(0.452,1.037) 0.074
p for trend 0.541 0.658 0.365

Model 1: Not adjusted.

Model 2: Adjusted for sex, age, and BMIL
Model 3: Adjusted for sex, age, BMI, hypertension, diabetes, T stage, N stage, M stage, tumor size, perineural invasion, vascular invasion, differentiation, radiotherapy, chemotherapy.
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each feature. After summing the scores of these features, positioned on the total point axis, the probability of risk can be calculated by drawing
downward to the prediction axis. Based on the results of Cox proportional hazards regression models, we developed these nomograms to predict

the PFS/OS in CRC patients.

PES and OS in CRC patients. This provides valuable insight for the
clinical use of blood lipid factors in assessing the prognosis of CRC
patients. Furthermore, unlike previous studies, we extensively explored
the relationship between ApoA-I and PES, OS, and recurrence in CRC
patients. The results of the present study revealed higher PFS and OS
rates in the low ApoA-I group compared to those in the high ApoA-I
group, with improvements of 17.1% and 16.7%, respectively.
Multivariate analysis indicated that ApoA-I was an independent
predictor of PES and OS in patients with CRC, with HR values of
0.778 and 0.776, respectively, irrespective of the TNM stage. Moreover,
ApoA-I was an independent predictive factor for disease recurrence in
patients with CRC. These findings suggest that ApoA-I may be a
valuable prognostic indicator for individuals diagnosed with CRC and
offer new insights into previous literature.

Despite the widespread utilization of TNM staging as the
primary tool for treatment decisions and prognosis evaluation in
patients with CRG, it is important to note that patient outcomes can
vary significantly even within the same pathological stage.
Therefore, identifying effective prognostic tools that complement
TNM staging is crucial. Within the TNM subgroups, ApoA-I level
effectively differentiated between patient outcomes in both stage I-
ITand III-IV CRC. This finding underscores the utility of ApoA-Ias
a valuable adjunct to TNM staging for prognostic assessments.
Additionally, ApoA-I level was an effective prognostic predictor in
both colon and rectal cancers. Within the CEA subgroups, ApoA-I
effectively distinguished patient outcomes in each subgroup, with
stronger prognostic discrimination in the high CEA subgroup than
in the normal CEA subgroup. Collectively, these findings suggest
that serum ApoA-I level may be a valuable indicator for predicting
the outcome of patients with CRC.

While the current prognostic classification for CRC primarily relies
on TNM stage, the predictive value of a single parameter is limited.
Therefore, comprehensively integrating multiple indicators are essential
for accurate prognostic prediction in patients with CRC. In the present
study, besides ApoA-I, patient age and T stage, N stage, M stage, and
CEA level were identified as independent influencing factors in patients

Frontiers in Endocrinology

with CRC. Incorporating various effective prognostic parameters is
invaluable when evaluating the outcome of patients with CRC. Thus,
these variables were integrated to construct ApoA-I-based prediction
nomograms. The C-index and calibration curves indicated that the
ApoA-I-based nomograms exhibited excellent predictive accuracy.
Furthermore, compared with the traditional TNM staging system, the
ApoA-I-based nomograms offered superior clinical benefits. These
findings suggest that ApoA-I-based nomograms incorporating a range
of prognostic parameters are effective tools for predicting the outcome of
patients with CRC. These tools can provide personalized assistance for
clinical decision-making in the care of patients with CRC.

Study strengths

Through its analysis of a large clinical cohort, the results of this
support serum ApoA-I levels as a promising biomarker for predicting
the prognosis of patients with CRC. Multiple study outcomes, including
PFES, OS, and disease recurrence, were incorporated to explore the
prognostic value of serum ApoA-I levels in patients with CRC.
Among all serum lipid markers, ApoA-I exhibited the highest
predictive accuracy for 3- and 5-year PFS/OS and OS. This finding
highlights the significance of ApoA-I as the most representative
indicator of lipid metabolism in predicting the outcome of patients
with CRC. Furthermore, serum ApoA-I levels can serve as useful
prognostic complements to TNM staging and CEA markers. By
integrating prognostic variables, predictive nomograms based on
ApoA-I were developed and their excellent prognostic prediction
efficacy was confirmed. These findings demonstrated the strength of
this study.

Limitations

This study has several limitations. Firstly, the retrospective
single-center design made it difficult to completely avoid potential
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selection bias. Secondly, the study population consisted solely of
Chinese individuals. Further exploration is required to determine
the applicability of these findings to other populations. Finally, the
ApoA-I-based nomograms developed in this study require
extensive external validation in diverse populations before they
can be applied in clinical practice.

Conclusion

Decreased serum ApoA-I levels are associated with stronger
tumor invasiveness, greater disease burden, and poorer prognosis.
Serum ApoA-I levels are an independent factor affecting the
prognosis of patients and are a useful supplement to TNM
staging. The ApoA-I-based nomograms are effective tools for the
comprehensive assessment of prognosis in patients with CRC.
These findings have the potential to offer personalized guidance
for treatment decisions and prognosis assessment.
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