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Background: Serum lipids have been reported as prognosticators for malignancies, including
rectal cancer (RC). Yet, their value in predicting the response of RC to neoadjuvant chemor-
adiotherapy (NACRT) remains unknown. This study aimed to assess the predictive abilities of
serum lipids for a bad response, and to build a serum lipid-based prediction model.
Methods: In total, 751 patients diagnosed with stage cII-III RC and treated with NACRT
plus surgery from January 2007 to August 2018 were retrospectively reviewed and randomly
divided into two data sets, in a ratio of 1:1. Receiver operating characteristics (ROC) analysis
was conducted in the development set to select possible predictors of bad NACRT response
from pathoclinical factors, including serum lipids. Multivariate logistic regression was
conducted to further determine independent predictors, which were then used to develop
a prediction index (PI). Finally, the PI was verified in the validation set, through ROC
analysis and chi-squared test.

Results: Five independent predictors were identified: tumor length >4 cm, cT4 stage,
carcinoembryonic antigen >5.0 ng/mL, irradiation with three-dimensional conformal radio-
therapy technique, and apolipoprotein A-I <1.20 g/L. Each of them was assigned a number of
points. In the validation set, the area under the curve of PI appeared as 0.642 (95%
confidence interval 0.586—0.697). The sensitivity, specificity, positive and negative predictive
values, and concordance were 72.3%, 52.3%, 63.8%, 61.9%, and 63.0%, respectively.
Conclusion: Serum apolipoprotein A-I was found to correlate negatively with the RC
response to NACRT. It could serve as a biomarker for guiding individualized treatment
and a potential target for improving sensitivity to chemoradiation.

Keywords: rectal cancer, radiotherapy, apolipoprotein A-I, tumor response, prediction
model

Introduction

Neoadjuvant chemoradiotherapy (NACRT) followed by surgery is now the standard
management of locally advanced rectal cancer (RC), owing to its superiority in
improving local control and the likelihood of sphincter preservation.' Furthermore,
it is generally accepted that tumor response to NACRT is independently associated
with patients’ long-term survival. However, an ideal response is seen in only
14.5-31.2% of RC patients.™ Tumor response may be improved by increasing the
intensity of NACRT, such as with an irradiation boost through brachytherapy.
Simultaneously, this boost can also lead to an increased risk of severe toxicity, such
as acute and late proctitis.* Hence, it is important to identify those patients who harbor
NACRT-resistant tumors and really need intensified treatment.
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Pretreatment anatomical, genetic, and immunological fea-
tures of RC have been proven to predict its response to
NACRT.>7 On the other side, serum indices of patients
could also act as predictors of NACRT response. A series of
studies has confirmed the predictive ability of serum carci-
noembryonic antigen (CEA) in pathological complete
response (pCR).*'” In a study by Song et al, carbohydrate
antigen 19-9 (CA19-9) appeared to predict downstaging to
stage 0-L.'' Even indices from the complete blood count, such
as the platelet-lymphocyte ratio, have been shown to predict
pCR."? These indices provide non-invasive, economic, and
practical choices for response prediction.

Serum lipids are a group of indices which can be easily
tested, and established intervention methods are available for
some of them."”” In RC, dyslipidemia was reported to be
associated with an increased risk of oncogenesis and
progression.'*'> A study by Del Boccio et al correlated levels
of some serum lipids, including sphingomyelin, lysophospha-
with
NACRT response,'® but the small sample size and seldomly

tidylcholine, and lysophosphatidylethanolamine,
used indices limit the clinical application of its results. Here,
we involved a larger cohort to evaluate the value of routinely
tested serum lipids in predicting resistant RC, and tried to

develop a prediction model based on serum lipids.

Patients and Methods
Study Subjects

The inclusion criteria for this study were: 1) age between
18 and 75 years; 2) RC initially diagnosed in our hospital
from January Ist 2007 to August 31st 2018; 3) prether-
apeutic clinical stage II-III (cT3—4NOMO, cT1-4N1-
2M0); and 4) complete records of NACRT, radical (R0)
resection and postsurgical pathological examinations. The
exclusion criteria were: 1) Karnofsky performance score
<70; 2) any severe cardiac, pulmonary, hepatic, renal, or
hematopoietic comorbidities unsuitable for chemotherapy
or radiotherapy; 3) any other prior malignancies; 4) history
of pelvic irradiation; 5) distant metastasis before or during
radiotherapy; 6) application of monoclonal antibody; and/
or 7) regular use of lipid-modulating drugs, such as niacins
and statins, before treatment. The clinical data of the
eligible patients were retrospectively reviewed.

Diagnosis, Staging, and Tumor Response

Evaluation
Before treatment, biopsy under rectoscope was performed to
obtain a pathological diagnosis. Local invasion and lymph-

node metastasis were detected by magnetic resonance imaging
of the pelvis and endoscopic ultrasonography. A whole-body
bone scan and computed tomography of the chest and abdo-
men were performed to detect metastasis in distant organs,
such as bone, lung, and liver. Suspicious distant
metastases were confirmed by positron emission tomography.
Serum levels of CEA and CA19-9 were tested before treat-
ment, using an E170 electrochemiluminescent immunoassay
system (Roche Diagnostics, Tokyo, Japan).

After surgery, pathological examinations of resected
specimens were performed by two pathologists specialized
in gastrointestinal cancers, including quality of total
mesorectal excision (TME), tumor infiltration and differ-
entiation, numbers of examined and involved lymph
nodes, and tumor regression grade (TRG).

Both pretreatment clinical staging and postsurgical
pathological staging were based on the TNM classification
of the Union for International Cancer Control-American
TRG was based on the

Mandard’s five-tier grading system,” in which TRG 5-3

Joint Cancer Committee.

and 2-1 were considered as bad and good responses,
respectively.

Serum Lipid Assessment

A LABOSPECT 008 biochemistry system (Hitachi,
Tokyo, Japan) was used to assess serum lipids before
treatment, including total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-c), low-
density lipoprotein cholesterol (LDL-c), apolipoprotein
A-I (apoAl), and apolipoprotein B (apoB).

Neoadjuvant Treatment and Surgery
Target delineation of three-dimensional conformal and
intensified modulated radiation therapy (3DCRT and
IMRT) was based on the guidelines of the International
Commission on Radiation Units and Measurements
Reports 50 and 62. Then, a linear accelerator delivering
an 8-MV photon beam was used to perform irradiation, in
a conventional fractionation (2 Gy per fraction, one frac-
tion per day, 5 days per week). Macroscopic tumor
(including primary lesion and enlarged lymph nodes) and
high-risk (including pararectal, presacral, obturator, inter-
nal, and common iliac) lymphatic drainage regions were
irradiated to total doses of 50 and 46 Gy, respectively.
Neoadjuvant chemotherapy was administered in two
modes: 1) a total of two cycles during radiotherapy; or
2) a total of four cycles, comprising one cycle before, two
cycles during, and one cycle after radiotherapy. The
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regimen was capecitabine plus oxaliplatin (CAPEOX)
with a 21-day cycle. In each cycle, capecitabine was
given 1000 mg/m? twice daily, on days 1-14, and oxali-
platin was given 130 mg/m* on day 1.

Radical surgery was scheduled 6—8 weeks after the last
cycle of neoadjuvant chemotherapy, according to the stan-
dard of TME. Completeness of TME was ensured by
intraoperative pathological examination on frozen sections
of resection margin.

Data Set Definition

The eligible patients were divided into two data sets in a ratio
of 1:1, using the ‘Select Cases: Random sample of cases’
function of IBM SPSS Statistics 23.0 (IBM Corp., Armonk,
NY, USA). One data set was called the development set
because it was used to evaluate correlations between serum
lipid level and bad response, and to develop a serum lipid-
based prediction model. The other data set was called the
validation set because it was used to validate the predictive
efficiency and accuracy of the model originating from the
development set. The balance of baseline pathoclinical fea-
tures between the development and validation sets was tested
using Mann—Whitney U and chi-squared tests for continuous
and categorical data, respectively.

Variables and Cut-off Values

The candidate variables to develop the prediction model
included age, gender (female vs male), tumor differentia-
tion (high vs moderate—low), tumor length, clinical
T (¢cT4 vs ¢T3-1) and N (cN+ vs cNO) stages, anemia
(yes vs no), CEA, CAI19-9, irradiation technique
(3DCRT vs IMRT), number of chemotherapy cycles (2
vs 4), TC, TG, HDL-c, LDL-c, apoAl, and apoB. For
convenience in use, the continuous variables were all
altered to a binomial form. The cut-off value of age
was its median value in the development set. The cut-
off value of tumor length was 4.0 cm, which referred to
the study by Hu et al.® The cut-off values of CEA,
CA19-9, TC, TG, HDL-c, LDL-c, apoAl, and apoB
were 5.0 ng/mL, 35.0 U/mL, 5.69 mmol/L, 1.70 mmol/
L, 1.29 mmol/L, 3.10 mmol/L, 1.20 g/L, and 1.10 g/L,
respectively, as recommended by the manufacturers of
the assay Kkits.

Model Development

First, the abilities of each variable to predict a bad response
were tested by a receiver operating characteristics (ROC)
analysis and confirmed by a chi-squared test. The variables

exhibiting predictive abilities in the univariate analyses were
entered into a multivariate logistic regression. Second,
a backward selection (likelihood ratio) method was used to
select the variables with prediction independence for the
prediction model. The odds ratio (OR), 95% confidence
interval (CI), and S regression coefficient were calculated
for each independent predictor, which was then assigned
with an integer point nearest to its £ coefficient divided by
the smallest f coefficient. Third, the prediction index (PI) of
a patient was obtained by summing the points of all the
variables. The best cut-off value of Pl was determined
through ROC analysis and based on its Youden index.

Model Validation and Calibration

The cut-off value of the PI was first validated in the
development set, through a chi-squared test. Then, the
PIs of all the patients in the validation set were calculated.
The predictive efficiency of the PI was measured on the
basis of its area under the curve (AUC) in ROC analysis.
To measure the predictive accuracy of the PI, the sensitiv-
ity, specificity, positive and negative predictive values, and
concordance of its cut-off value were calculated, also
through a chi-squared test. Finally, the goodness-of-fit of
the PI was evaluated through a Hosmer—Lemeshow test, in
both the development and validation sets.

All of the statistical analyses in this study were per-
formed using IBM SPSS Statistics 23.0 and GraphPad
Prism 6.0 (GraphPad Software, San Diego, CA, USA).
A difference with a two-sided P value of <0.05 was
considered to be statistically significant. The whole proce-
dure of this study is summarized in Figure 1.

Ethics Approval and Consent to
Participate

All patients signed informed consent before treatment.
This study was approved by the Institutional Review
Board of the Sun Yat-sen University Cancer Center
(approval no. B2020-384-01). This study was conducted
in accordance with the Declaration of Helsinki.

Results

Enrollment and Grouping

In total, 751 patients were diagnosed with stage cII-III RC,
managed with NACRT plus surgery, and eligible for this
study. After randomized division, there were 375 and 376
cases in the development and validation sets, respectively.
No differences were seen between these two data sets in age,
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I Candidate variables

RC Patients Treated with
NACRT + surgery (N =751)

! 1. patient-related:
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'
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Figure | Procedure of this study.

Abbreviations: RC, rectal cancer; NACRT, neoadjuvant chemoradiotherapy; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; TC, total cholesterol,
TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; apoAl, apolipoprotein A-l; apoB, apolipoprotein B; ROC, receiver

operating characteristics.

gender, tumor differentiation, tumor length, clinical T or
N stage, hemoglobin, CEA, CA19-9, irradiation technique,
or chemotherapy cycle (Table 1). That is, the two sets had
balanced baseline pathoclinical characteristics, which made
it feasible to validate the model in the validation set. In
addition, the median age in the development set was 57
(range 22-75) years old. This figure was also used as the cut-
off value for age in the following analyses.

Model Development

In ROC analyses, tumor length, clinical T stage, CEA,
irradiation technique, and apoAl emerged as possible pre-
dictors of bad response (Figure 2). Their AUCs were
0.595, 0.561, 0.609, 0.563, and 0.415 (P values were
0.001, 0.040, <0.001, 0.034, and 0.005), respectively.
When altered to a binomial form (Figure S1), the AUCs
for tumor length (>4.0 vs <4.0 cm), CEA (>5.0 vs <5.0 ng/
mL), and apoAl (<1.20 vs >1.20 g/L) were 0.578, 0.567,
and 0.577 (P values were 0.009, 0.024, and 0.010), respec-
tively. Their predictive abilities were further confirmed by
the chi-squared test (Table 2). Other serum lipid indices,
including TC, TG, HDL-c, LDL-c, and apoB, all failed to
predict a bad response (Table S1).

Next, tumor length >4.0 cm, cT4 stage, CEA >5.0
ng/mL, 3DCRT, and apoAl <1.20 g/L were entered into
a multivariate logistic regression to test their indepen-
dence in predicting a bad response and building
a prediction model (Table 3). As a result, all five of
these variables remained as independent predictors
(P values were 0.007, 0.033, 0.038, 0.042, and 0.038,

respectively) and were assigned with points. After sum-
ming the points for each patient, the PI in the develop-
ment set ranged 0 to 5 (median=2). Through ROC
analysis, the best cut-off value was calculated to be 2
(>2 vs <2), with a maximum Youden index of 0.248
(Figure 3A).

Model Validation and Calibration

In the development set, the chi-squared test showed that PI
>2 was associated with a higher proportion of bad respon-
ders, compared with PI <2 (61.7% vs 34.8%, P<0.001)
(Figure 3B). The PI was also calculated for each patient in
the validation set. Its AUC in ROC analysis appeared to be
0.642 (95% CI 0.586-0.697) (Figure 3C). A higher pro-
portion of bad responders was also observed in the cases
with PI >2, compared with those with PI <2 (63.8% vs
38.1%, P<0.001) (Figure 3D). In other words, the predic-
tive ability of PI=2 was confirmed in the validation set.
The sensitivity, specificity, positive and negative predictive
values, and concordance of our model were 72.3%, 52.3%,
63.8%, 61.9%, and 63.0%, respectively.

In Hosmer-Lemeshow goodness-of-fit tests on the PI,
the chi-square, degrees of freedom, and P value of the
development set were 1.113, 3, and 0.774, respectively.
The corresponding figures for the validation set were
3.785, 3, and 0.286, respectively. This indicated that the
PI did not deviate significantly from a perfect fit in either
of the two data sets. The calibration curves of the PI are
shown in Figure S2.
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Table | Baseline Pathoclinical Features in the Development and

Validation Sets

Features Development Validation Set | P value
Set (N = 375) (N =376)
Age (years) 57 (22-75) 56 (18-75) 0.370
Gender
Female 132 (35.2%) 129 (36.0%) 0.815
Male 243 (64.8%) 247 (64.0%)
Tumor
differentiation
High 41 (51.9%) 38 (48.1%) 0.712
Moderate— 334 (49.7%) 338 (50.3%)
low
Tumor length 3.2 (1.0-15.0) 3.0 (1.0-12.0) 0.683
(cm)
Clinical T stage
cT4 151 (40.3%) 167 (44.4%) 0.250
cT3-1 224 (59.7%) 209 (55.6%)
Clinical N stage
cN+ 306 (81.6%) 311 (82.7%) 0.690
cNO 69 (18.4%) 65 (17.3%)
Hemoglobin (g/ | 132 (67-174) 134 (71-173) 0.457
L)
CEA (ng/mL) 4.0 (0.2-394.0) 4.4 (0.0-480.8) 0.475
CAI19-9 (U/mL) | 13.6 (0.0-458.0) 14.4 (0.0-985.6) | 0.193
Irradiation
technique
3DCRT 81 (21.6%) 82 (21.8%) 0.945
IMRT 294 (78.4%) 294 (78.2%)
Chemotherapy
cycle
2 187 (49.9%) 189 (50.3%) 0913
4 188 (50.1%) 187 (49.7%)

Abbreviations: CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen
19-9; 3DCRT, three-dimensional conformal radiation therapy; IMRT, intensified

modulated radiation therapy.

Discussion

Because of tumor heterogeneity, it is hard to accurately
predict RC response to NACRT using only anatomical fac-
tors. Hammarstrom et al reported that tumor length had an
AUC of only 0.599 for predicting pCR."” In this study,
tumor length and clinical T stage exhibited AUCs of 0.578
and 0.561 for predicting a bad response, respectively. Serum
biomarkers are safe and convenient indices which could
indirectly reflect dynamic interactions between tumor and
host, and may assist in response prediction. Here, we ana-

lyzed the association between commonly used serum lipid

indices and NACRT response. Based on our results,
a pretreatment apoAl of <1.20 g/L led to a higher proportion
of bad responders (60.2% vs 44.7%, P=0.003). However, no
association was observed between tumor response and TC,
TG, HDL-c, LDL-c, or apoB. After excluding the influence
of other clinical factors, serum apoAl maintained its predic-
tion independence (OR=1.578, 95% CI 1.025-2.429). To the
best of our knowledge, there have been no published clinical
studies revealing the impacts of apoAl on chemoradiation
sensitivity. Therefore, our study presents apoAl as a new
independent predictor of NACRT response in RC.

ApoAl is a subtype of apolipoprotein synthesized by the
liver and small intestine. It is known as a cardioprotective
protein owing to its roles in reverse transportation of cho-
lesterol from peripheral tissue to the liver.'® Its anti-tumor
functions have also been demonstrated in recent studies.
A series of laboratory studies showed that it could repress
tumor growth and metastasis in cell and animal models,
through reducing the recruitment of myeloid-derived sup-
pressor cells, increasing the accumulation of CD8" cytotoxic
T-lymphocytes, inducing an M2-to-M1 shift in macrophage
phenotype, and inhibiting VEGF-related angiogenesis.'’
A study by Ben Hassen et al indicated that apoAl could
retard the epithelial-to-mesenchymal transition process,
which was considered as a key mechanism for chemoradia-
tion resistance of cancer cells.?’ This provided a possible
explanation for the negative correlation between serum
apoAl level and tumor response to NACRT.

Similarly, clinical studies showed that the serum level
of apoAl correlates positively with prognosis for many
solid tumors. Cheng et al reported that a serum apoAl
level of <1.01 g/L predicted a poorer overall survival and
a higher risk of resistance to platinum-based chemotherapy
in non-small cell lung cancer.*’ Guo et al reported that
a serum apoAl level of <1.04 g/L predicted a poorer over-
all survival in renal cell carcinoma.”? A study by Wang
et al indicated that low serum apoAl was an independent
predictor of shorter overall survival in esophageal
carcinoma.”> And a study by the present authors indicated
that low serum apoAl was an independent predictor of
increased distant metastases and poorer overall survival
in nasopharyngeal carcinoma.”* In colorectal cancer,
a decreased level of serum apoAl could also act as an
unfavorable prognosticator, for both metastatic and non-
metastatic patients. Moreover, it was found to correlate
with reduced efficacy of a VEGF-targeting monoclonal

antibody, bevacizumab.'>2°-2¢
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Figure 2 Receiver operating characteristics curves of candidate variables for predicting bad response.
Abbreviations: CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; 3DCRT, three-dimensional conformal radiation therapy; IMRT, intensified modulated
radiation therapy; TC, total cholesterol, TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; apoAl, apolipoprotein A-I;

apoB, apolipoprotein B; AUC, area under the curve.

In this study, we further developed an easy-to-use PI by
combining serum apoAl and four other independent pre-
dictors, namely, tumor length, clinical T stage, serum
CEA, and irradiation technique. It appeared to have an

AUC of 0.642 (95% CI 0.586—0.697) for predicting
a bad response. When a cut-off value of 2 (>2 vs <2)
was used, an ideal sensitivity (72.3%), acceptable positive
and negative predictive values (63.8% and 61.9%,

Table 2 Chi-Squared Test on Possible Predictors of Bad Response

Features Bad Response Good Response Chi-Square P Value
Tumor length (cm)
24 104 (60.5%) 68 (39.5%) 9.112 0.003**
<4 91 (44.8%) 112 (55.2%)
Clinical T stage
cT4 90 (59.6%) 61 (30.4%) 5.584 0.016*
cT3-1 105 (46.9%) 119 (53.1%)
CEA (ng/mL)
5.0 101 (59.4%) 69 (40.6%) 6.844 0.009%*
<5.0 94 (45.9%) 111 (54.1%)

Irradiation technique

3DCRT 54 (66.7%) 27 (33.3%) 9.548 0.002%*
IMRT 141 (48.0%) 153 (52.0%)

ApoAl (g/L)
<1.20 106 (60.2%) 70 (39.8%) 8.994 0.003**
>1.20 89 (44.7%) 110 (55.3%)

Notes: *P<0.05, **P<0.01.

Abbreviations: CEA, carcinoembryonic antigen; 3DCRT, three-dimensional conformal radiation therapy; IMRT, intensified modulated radiation therapy; apoAl, apolipo-

protein A-l.
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Table 3 Multivariate Logistic Regression for Predicting Bad Response

Variables S Value OR 95% CI P Value Points
Tumor length (cm)

24 vs <4 0.584 1.793 1.171-2.747 0.007** Ivs 0
Clinical T stage

cT4 vs cT3-1 0.464 1.590 1.025-2.465 0.038* lvsO
CEA (ng/mL)

25.0 vs <5.0 0.468 1.597 1.038-2.456 0.033* Ivs 0
Irradiation technique

3DCRT vs IMRT 0.562 1.754 1.020-3.016 0.042%* lvsO
ApoAl (g/L)

<1.20 vs >1.20 0.456 1.578 1.025-2.429 0.038* Ivs 0

Notes: Each variable was assigned with an integer point nearest to its / regression coefficient divided by 0.456 (the smallest / value in the model). ¥P<0.05, **P<0.01.
Abbreviations: OR, odds ratio; Cl, confidence interval; CEA, carcinoembryonic antigen; 3DCRT, three-dimensional conformal radiation therapy; IMRT, intensified

modulated radiation therapy; apoAl, apolipoprotein A-l.

respectively), and an acceptable concordance (63.0%)

were obtained, and it was confirmed that no significant

deviation existed between the PI and a perfect fit. Our
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model was developed from a relatively large cohort in
which the mainstream IMRT technique covered 78.4% of

patients. Not only that; it was validated in an independent
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Figure 3 Development and validation of prediction index. (A) Receiver operating characteristics (ROC) curve of prediction index (PI) in the development set; (B) validation
of cut-off value for Pl in the development set; (C) ROC curve of Pl in the validation set; (D) validation of cut-off value for Pl in the validation set.
Abbreviation: AUC, area under the curve.
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cohort which also had a relatively large sample size. These
advantages made it quite reliable.

Before our study, there have been some prediction mod-
els of NACRT response based on serum biomarkers. Sun
et al used pre- and post-NACRT levels of serum CEA to
build a nomogram for predicting pCR.>” Hu et al used the
CEA clearance pattern to build models for predicting pCR
and TRG.’ Tan et al and Engel et al built prediction models
for pCR, also by using the pretreatment CEA level.'® In
a model by Song et al, pretreatment CA19-9 level, post-
NACRT CEA level, pre—post-CEA ratio, and pre—post-
CA19-9 ratio were used to predict down-staging.''
Prediction models, including ours, may assist in making
an individualized NACRT plan which balances local control
and quality of life. The cases predicted as bad responders
may need NACRT with increased intensity, such as a higher
dose of irradiation, to improve tumor regression. On the
other hand, those predicted as good responders may be
eligible for NACRT with reduced intensity, such as a short
course of radiotherapy without concurrent chemotherapy, to
avoid unnecessary severe toxicity.

In addition, serum apoAl level could be elevated using
statin and niacin.”>?° Some previous studies reported that
NACRT response could be improved using these lipid-
modulating agents. In a meta-analysis involving nine clinical
trials, statin concurrently with NACRT appeared to increase
the pCR rate of RC patients.>' Also, in a cytological study,
statin exhibited the ability to enhance the radiation sensitivity
of RC cells in vitro.** Our results supported apoAl as a new
target for NACRT-sensitizing therapies, and added more evi-
dence for using lipid-modulating agents as NACRT sensiti-
zers. On the other hand, apoAl mimetic peptides, including
D-4F, L-4F, L-5F, and Tg6F, are now being tried in cancer
treatment. These mimetics could be delivered by nanoparticles
and transgenic plants, which are safe and well tolerated in
humans. A kind of transgenic tomato delivering Tg6F was
reported to have promising effects in controlling metastatic
colorectal cancer in experimental nude mice.® This may
provide another therapeutic selection for improving NACRT
response in patients with low levels of serum apoAl.

This study had two main limitations. First, it was
a retrospective, single-institutional study without external
validation. Its results needed to be further validated by
prospective or multi-institutional studies, before clinical
generalization. Second, the efficiency of the PI was not
good enough and could be improved by involving more
patient characteristics, such as radiomic features and new
serum biomarkers. But it could still be a simple and

practical model suitable for use in hospitals without
advanced examination conditions.

Conclusion

This study found serum apoAl <1.20 g/L to independently
predict a bad NACRT response in RC, and built a practical
apoAl-based prediction model. These results presented apoAl
as a biomarker for guiding individualized treatment, and
a potential target for improving chemoradiation sensitivity.
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