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Background: Due to individual heterogeneity, patients at the same stage of colorectal cancer (CRC) who
receive the same chemotherapy may experience different symptom clusters. Identifying the precise factors
that predict symptom clusters is of great clinical significance for precision care and for improving the quality
of life of patients. The present study investigated the relationship between serum biomarkers and adjuvant
chemotherapy-related symptom clusters in radically resected CRC patients.

Methods: Serum biomarkers and clinical/pathological characteristics of the radical resected CRC patients
were collected before the first cycle of adjuvant chemotherapy. A demographic questionnaire and M.D.
Anderson Gastrointestinal Cancer Symptom Scale (MDASI-GI) were performed on the third day after
chemotherapy and exploratory factor analysis was performed to determine the symptoms clusters. Multiple
linear regression and correlation analysis were also performed to evaluate the correlation between serum
biomarkers and chemotherapy-related symptom clusters.

Results: A total of 4 chemotherapy-related symptom clusters were determined in the enrolled radical
resected CRC patients, including a fatigue-psychological symptom cluster, gastrointestinal symptom cluster,
neurotoxic symptom cluster, and constipation-abdominal distension symptom cluster. Further analysis
showed that the gastrointestinal symptom cluster was significantly associated with age, gender, weight
change status, neutrophil to lymphocyte ratio (NLR), and body mass index (BMI). Additionally, the fatigue-
psychological symptom cluster was found to be significantly associated with high NLR. The neurotoxic
symptom cluster was found to be significantly associated with low hemoglobin level.

Conclusions: Serum biomarkers and clinical characteristics of the radical resected CRC patients could be

used to predict chemotherapy-related symptoms clusters.
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Introduction

Colorectal cancer (CRC) is one of the most common
malignant cancers. It is estimated that by 2030, the
global burden of CRC will increase by 60%, and the
number of new cases will exceed 2.2 million (1). Over
recent years, the clinical outcomes of CRC patients have
improved remarkably due to the improvement of surgery
and systematic therapy. Although postoperative adjuvant
chemotherapy has been shown to prolong disease-free
survival of radical resected CRC patients, it promotes
side effects in many survivors of CRC, often not a single
symptom but including fatigue, restless sleep, nausea,
vomiting, numbness, and other symptoms (2). These
grouped symptoms have a great impact on the quality of life
of CRC patients (3).

The concept of symptom clusters was first proposed
by Dodd ez al. (4). Symptom clusters are composed of 2
or more stable, concomitant, and interrelated symptoms,
and these symptoms are independent of other symptom
groups, with or without common pathogenesis (5). Due to
the individual heterogeneity, patients with the same stage of
CRC often receive the same chemotherapy, but experience
different symptom clusters. Identifying the exact factors that
can predict different symptom clusters is of great clinical
significance for precision care and improving the quality of
life of patients.

Previous studies have shown that systemic inflammatory
response is the biological basis of symptom clusters (6), with
involvement of a variety of cytokines, including interleukin
(IL)-6, C-reactive protein (CRP), tumor necrosis factor
o (TNF-0), and so on (7). However, these cytokines are
not easily assessed by routine clinical detection. It has
been shown that neutrophil-to-lymphocyte ratio (NLR),
lymphocyte-to-monocyte ratio (LMR), platelet-to-
lymphocyte ratio (PLR), and prognostic nutritional index
(PNI) [5x lymphocyte count + serum albumin (g/L)], which
can be obtained from clinical routine serum detection,
could reflect systemic inflammation and predict the
prognosis of CRC patients (8,9). Emerging evidence (10,11)
has shown that the decrease of LMR and the increase of
NLR and PLR before chemotherapy were associated with
shorter disease-free survival (DFS) and overall survival
(OS). Moreover, it has been shown that the high NLR
is also associated with postoperative TNM staging. The
higher the NLR value, the deeper the tumor invasion (12).
The presence of multiple symptoms with chemotherapy
often predicts increased mortality (13). However, most
of these biomarkers are used to identify patients who can
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benefit from adjuvant chemotherapy and determine the
prognosis of CRC patients, and their detailed relationship
with chemotherapy-associated symptom clusters has not
yet been clarified. The use of biomarkers to determine
the symptom experience of CRC patients after adjuvant
chemotherapy can be timely identified and intervened
to obtain the best treatment. Therefore, in the present
work, we analyzed the chemotherapy-associated symptom
clusters in radical resected CRC patients and explored the
potential relationship between these serum biomarkers and
chemotherapy-associated symptom clusters. We present
the following article in accordance with the REMARK
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-21-904/rc).

Methods
Patients

Prospective purposive sampling was used to enroll stage
I-IV CRC patients who received treatment at the Affiliated
Suqian Hospital of Xuzhou Medical University from October
2019 to May 2021.The inclusion criteria were as follows:
(I) patients older than 18 years of age and who signed
their own informed consent form; (II) patients diagnosed
with colorectal adenocarcinoma by histopathology; (I1I)
patients who received adjuvant chemotherapy containing
oxaliplatin and/or Fluoropyrimidine (FP) after radical
surgery for CRC; (IV) study participants who were able
to adhere to treatment as prescribed; (V) participants with
no cognitive impairments and able to understand and
complete their questionnaire unaided. The exclusion criteria
were as follows: (I) patients who had received neoadjuvant
radiotherapy or chemotherapy before surgery; (II) patients
with comorbid severe hematopoietic system diseases such as
aplastic anemia and coagulopathy; (III) patients with clinical
evidence of active infections; (IV) patients with bowel
obstruction or perforation leading to emergency surgery; (V)
patients with other malignant tumors requiring concurrent
treatment; (VI) patients who had used anti-infective and/or
immunosuppressive drugs within 1 week.

Peripheral venous blood collection and testing

Fasting peripheral venous blood samples were collected
from the radical resected CRC patients before adjuvant
chemotherapy. After the blood samples were collected, they
were stored at room temperature for 5-10 min, mixed well
and tested within 3 h with reference to the routine clinical
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laboratory standards. The blood routine test was performed
according to the operation procedure of SysmexXS-500i
16159 (Sysmex Corporation, Hyogo, Japan), and the
blood biochemistry testing was performed according to
the operation procedure of Beckman Coulter AUC680
(Beckman Coulter, Brea, CA, USA).

Demographic and clinical characteristics questionnaire

The questionnaire included the collection of general
patient demographic sociological information (including
gender, age, marital status, height, and weight), and
clinicopathological data (including disease stage, presence
or absence of stoma, chemotherapy regimen, and difference
between pre-chemotherapy weight, and preoperative
weight).

The M.D. Anderson Symptom Inventory for Gastrointestinal
Cancer (MDASI-GI)

The severity of each the patient’ symptoms was assessed
using the MDASI-GI. This scale assessed the symptom
experience of gastrointestinal tumor patients over the
past 24 h and was divided into 2 major parts: the first part
contained 13 core symptom items and 5 gastrointestinal-
specific items, the second part was used to assess the degree
of interference with life from these 18 symptoms with
0 meaning “no symptoms” or “no interference”, 10 meaning
“the most severe imaginable”, and the higher the score,
the more severe the symptoms were in general (14). The
validity of this Chinese version of the scale was verified,
with Cronbach’s a of 0.84 for the symptom severity scale
and 0.86 for the interference scale (15).

Data collection process

In multiple linear regression analysis, the sample size should
be at least 5-10 times the number of independent variable
entries. This study involved 14 independent variables, so the
estimated sample size needed to be at least between 70 and
140. In summary, considering the specific clinical situation
of patients as well as questionnaire recovery rate and invalid
questionnaire, the final estimated sample size was 145. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by ethics
board of the Affiliated Suqian Hospital of Xuzhou Medical
University (No. 2019012). Informed consent was taken from
all the padents. The results of routine blood examination and
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biochemistry were collected from the patients after surgery
and before the first chemotherapy on the principle of patient
consent having been provided. The on-site questionnaire
was filled in on the 3rd day after chemotherapy using unified
instructions and taken back on the spot.

Statistical analysis

We used R3.6.2 software (https://cran.r-project.org/bin/
macosx/) for data analysis. The Kaiser-Meyer-Olkin (KMO)
measure was carried out for assessing sampling adequacy, the
method of extracting symptom groups [principal component
analysis (PCA) or factor analysis] was judged according to the
correlation between symptoms (16). Factor extraction was
based on scree plot (eigenvalues >1). When we applied factor
analysis, the common factor was extracted using the principal
axis iteration method (pa) with orthogonal rotations (varimax),
factor loadings greater than 0.4 was considered for retention
(17,18), and factors with clinical explanatory significance were
selected; because NLR, LMR, PLR, and PNI were calculated
from neutrophil count, lymphocyte count, monocyte
count, platelet, and serum albumin. In order to avoid
multicollinearity, only 14 independent variables including
gender, age, diagnosis, marital status, body mass index
(BMI), pathological stage, presence or absence of ostomy,
chemotherapy regimen, difference between weight before
chemotherapy and weight before surgery, hemoglobin, NLR,
LMR, PLR, and PNI were included. Multivariate linear
regression equation was used to evaluate the correlation
between these independent variables and the identified
symptom clusters. Stepwise regression was used to obtain
the model with the smallest Akaike information criterion
(AIC). The best model that passed the comprehensive test
of linear model assumptions was retained, and the relevant
independent variables were obtained from the best model.
Models that did not pass the comprehensive test of the linear
model assumptions were used to analyze the correlation
between outcome variables and independent variables using
Pearson linear correlation coefficient. The P values <0.05 or
P<0.01 were used to indicate a significant difference.

Results

Demographic and clinical characteristics with blood
parameters

A total of 145 questionnaires were distributed. There were
a total of 6 patients with missing clinical information,
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Table 1 Demographic and clinical characteristics of 135 patients

with CRC

Characteristics

All patients (n=135)

Age (years)
Mean (SD)
Median (min, max)

Gender, n (%)

59.3 (12.0)
59.0 (29.0, 84.0)

Female 47 (34.8)

Male 88 (65.2)
Tumor location, n (%)

Colon cancer 66 (48.9)

Rectal cancer 69 (51.1)
Married, n (%)

Yes 123 (91.1)

No 12 (8.9)
BMI (kg/m?)

Mean (SD) 22.4 (3.03)

Median (min, max)

Stage, n (%)

22.5 (15.6, 31.1)

| 8 (5.9
Il 51 (37.8)
11l 64 (47.4)
\% 12 (8.9)
Stoma, n (%)
Yes 32 (23.7)
No 103 (76.3)
Chemotherapy regimen, n (%)
Oxaliplatin + capecitabine 110 (81.5)
Capecitabine 3(.2)
Oxaliplatin + fluorouracil + leucovorin 22 (16.3)
calcium
Body weight change (kg)
Mean (SD) -4.50 (2.97)

Median (min, max) -5.00 (-11.0, 3.00)

CRC, colorectal cancer; BMI, body mass index.

4 patients missed complete questionnaires, and 135 valid
questionnaires were finally returned. From these, NLR,
PLR, LMR, and PNI were calculated. Table 1 summarizes
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the demographic and clinical characteristics of the sample:
81.5% of the patients received oxaliplatin + capecitabine
chemotherapy regimen, 16.3% received oxaliplatin +
fluorouracil + leucovorin calcium, and 2.2% received oral
capecitabine. The maximum weight loss from surgery to the
first chemotherapy was 11 kg, the biggest weight gain was
3 kg, patients with stoma accounted for 23.7%, and patients
without stoma accounted for 76.3%. Table 2 summarizes the
results of the blood parameters.

Prevalence and severity of symptoms

Table 3 shows that drowsiness (94.1%), fatigue (93.3%),
lack of appetite (93.3%), and nausea (91.9%) were the top
4 prevalent symptoms. The more severe symptoms included
fatigue, lack of appetite, drowsiness, nausea, and disturbed
sleep, with mean scores of 4.86 (SD =1.95), 4.37 (SD =2.07),
435 (SD =1.91), 4.24 (SD =1.99), and 4.03 (SD =2.11),
respectively. Since this study did not examine the impact
of symptom interference on quality of life, this symptom
interference scale was not statistically analyzed.

Symptom clusters

There was a high correlation between certain symptoms
in the sample (Figure 1), so factor analysis was used to
determine the symptom cluster of patients with CRC
undergoing postoperative chemotherapy. The KMO test was
0.774, and the sample size was fair. The results of Bartley’s
spherical test were x’=1440.456, df =153, and P<0.000,
which met the requirements of factor analysis. There were
5 factors with eigenvalues >1 extracted (Figure 2), and the
factors with factor loadings >0.4 were retained to yield
4 symptom clusters (Table 4). The fatigue-psychological
symptom cluster contained 5 symptoms: fatigue, disturbed
sleep, drowsiness, upset, and sadness; the gastrointestinal
symptom cluster contained 4 symptoms: nausea, lack of
appetite, vomiting, and change in taste; the neurotoxic
symptom cluster contained 3 symptoms: amnesia, numbness,
and dry mouth; and the constipation-abdominal distension
symptom cluster was constipation and feeling bloated. These
4 symptom clusters explained a total of 57% of the variance
in this sample, and Figures 3,4 are visualizations of the results
of the symptom clusters in this sample.

Influencing factors of the symptom cluster

All variables were included, and 4 symptom clusters
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Table 3 Prevalence and severity of symptoms (N=135)

Blood parameters

All patients (n=135)

NE (x10°%/L)

Mean (SD)

Median (min, max)
Lym (x10%/L)

Mean (SD)

Median (min, max)
Mono (x10%/L)

Mean (SD)

Median (min, max)
PLT (x10%L)

Mean (SD)

Median (min, max)
Hgb (/L)

Mean (SD)

Median (min, max)
Alb (g/L)

Mean (SD)

Median (min, max)
NLR

Mean (SD)

Median (min, max)
LMR

Mean (SD)

Median (min, max)
PLR

Mean (SD)

Median (min, max)
PNI

Mean (SD)

Median (min, max)

3.23 (1.34)
2.98 (0.880, 9.19)

1.55 (0.506)
1.47 (0.620, 3.41)

0.404 (0.157)
0.380 (0.120, 0.960)

228 (71.1)
221 (101, 477)

128 (19.1)
130 (66.0, 169)

43.8 (3.48)
44.1 (30.7, 52.8)

2.22 (1.04)
1.98 (0.690, 6.87)

4.23 (1.60)
4.02 (1.12, 9.45)

159 (70.4)
145 (49.5, 650)

51.6 (4.31)
51.7 (40.3, 63.7)

CRC, colorectal cancer; NE, neutrophil; Hgb, hemoglobin;
PLT, platelet; Alb, albumin; NLR, neutrophil-to-lymphocyte
ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-
lymphocyte ratio; PNI, prognostic nutritional index.
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Severity scores

Symptoms Occurrence (%)

Mean (SD) Median (min, max)
Pain 21.5 0.33 (0.80) 0 (0, 6.00)
Fatigue 93.3 4.86 (1.95) 5.00 (0, 9.00)
Disturbed sleep 88.1 4.03 (2.11) 5.00 (0, 8.00)
Drowsiness 94.1 4.35 (1.91) 5.00 (0, 8.00)
Upset 88.9 3.32 (1.87) 3.00 (0, 8.00)
Sadness 83.0 2.77 (1.82) 3.00 (0, 7.00)
Change in taste 85.2 3.57 (1.96) 4.00 (0, 7.00)
Nausea 91.9 4.24 (1.99) 4.00 (0, 9.00)
Lack of appetite 93.3 4.37 (2.07) 5.00 (0, 8.00)
Vomiting 65.2 1.45 (1.42) 1.00 (0, 6.00)
Amnesia 40.7 0.64 (0.87) 0 (0, 3.00)
Numbness 49.6 0.86 (1.05) 0 (0, 4.00)
Dry mouth 49.6 0.87 (1.01) 0 (0, 4.00)
Shortness of 8.1 0.10 (0.34) 0 (0, 2.00)
breath
Constipation 25.9 0.35 (0.68) 0 (0, 4.00)
Diarrhea 17.8 0.30 (0.70) 0 (0, 3.00)
Swallowing 2.2 0.02 (0.15) 0 (0, 1.00)
Feeling bloated 422 0.62 (0.88) 0 (0, 4.00)

were regressed, respectively. A total of 4 models were
preliminarily obtained (7zble 5). The model with the
smallest AIC was selected by stepwise regression method,
and the results are shown in 7able 6. In the comprehensive
test of model assumptions, only the gastrointestinal
symptom cluster model met all assumptions of multiple
linear regression, and the regression results only had
explanatory significance for this symptom cluster model.
Since the study focused on exploring the effects of
nutritional and inflammatory indicators in the blood on the
symptom cluster, only the fatigue-psychological symptom
cluster, neurotoxicity symptom cluster, and constipation-
abdominal distension symptom cluster were used to analyze
correlations with Hgb, NLR, LMR, PLR, and PNI (Pearson
correlation), and the results are shown in Tuble 7.
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The results of multivariate linear regression showed
(Table 6) that age, gender, weight change status, NLR, and
BMI were statistically significant (P<0.05) and were the
influencing factors of gastrointestinal symptom cluster

© Journal of Gastrointestinal Oncology. All rights reserved.

severity. The finally established regression equation was:
gastrointestinal symptom cluster severity = 3.54 - 0.06 *
weight change status + 0.16 * NLR - 0.07 * BMI - 0.89 *
gender - 0.03 * age (Males = 1; Females = 0), and this model
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Table 4 Symptom clusters (N=135)

Symptoms PA1 PA2 PA3 PA4
Pain 0.12 0.18 0.29 0.09
Fatigue 0.89 0.13 -0.01 0.01
Nausea 0.15 0.93 0.09 -0.01
Disturbed sleep 0.87 0.19 0.05 0.03
Upset 0.86 0.13 0.03 -0.06
Shortness of breath 0.03 -0.05 0.04 0.11
Amnesia 0.07 0.01 0.87 0.02
Lack of appetite 0.21 0.88 0.12 0.05
Drowsiness 0.80 0.27 -0.03 -0.02
Dry mouth 0.10 0.07 0.43 0.16
Sadness 0.81 0.16 -0.01 -0.01
Vomiting 0.14 0.68 0.08 0.09
Numbness 0.01 0.09 0.90 -0.10
Constipation -0.09 0.00 -0.01 0.86
Diarrhea -0.02 -0.06 -0.01 -0.15
Swallowing -0.19 0.07 0.31 0.04
Change in taste 0.21 0.86 0.04 0.06
Feeling bloated 0.01 0.18 0.09 0.74
SS loadings 3.80 3.10 1.98 1.39
Proportion var 0.21 0.17 0.11 0.08
Cumulative var 0.21 0.37 0.49 0.57

PA1 refers to the factor 1 extracted using the principal axis
iteration method (pa), representing the fatigue-psychological
symptom cluster; PA2 refers to the factor 2, representing the
gastrointestinal symptom cluster; PA3 refers to the factor 3,
representing the neurotoxic symptom cluster; PA4 refers to the
factor 4, representing the constipation-bloating symptom cluster.
Bold fonts indicate factor loading for symptom was >0.40.

could explain 41.3% of gastrointestinal symptom cluster
severity (adjusted R* =41.3%).

Table 7 shows that there was a significant positive
correlation between the fatigue-psychological symptom
cluster and NLR (r=0.63, P<0.01), and a significant negative
correlation between the neurotoxic symptom cluster and

Hgb (r=-0.72, P<0.05).

Discussion

Postoperative adjuvant chemotherapy in colorectal cancer
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Figure 3 Visualization of symptom cluster.

patients aims to eradicate micrometastatic disease and
improve survival, and it is generally accepted that 3 or 6
months of oxaliplatin-based adjuvant chemotherapy (19).
DFS and OS are considered as endpoint measures to
judge the efficacy of adjuvant chemotherapy (20), adjuvant
chemotherapy has greatly improved the DFS and OS of
CRC patients. With the development of precision medicine,
clinicians need effective biomarkers to determine optimal
treatment strategies for managing patients who benefit from
adjuvant chemotherapy (21). Therefore, biomarkers such
as mismatch repair status, immunoscore and circulating
tumor DNA were used to predict specific prognosis and
response to adjuvant chemotherapy in CRC patients (22).
However, biomarkers to predict symptoms after adjuvant
chemotherapy are lacking. Sheu et 4. (23) used The MD
Anderson Symptom Inventory-Head and Neck Module
(MDASI-HN) baseline score as the primary predictor
to predict the severity of symptoms during radiotherapy
in patients with head and neck cancer, and generated
nomograms.

Relevant studies (16,17) have found symptom clusters
in CRC patients, while the potential predictor of symptom
clusters remains largely unknown. In this study, we
identified 4 symptom clusters in radical resected CRC
patients who had just undergone their first cycle of adjuvant
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chemotherapy. Inconsistent with the findings in a previous
study (2), we observed different symptoms in these same
symptom clusters. The possible reason might be different
cycles of chemotherapy or participant characteristics.
Previous studies have revealed a close correlation
between fatigue and psychological symptoms in symptom
clusters study in cancer patients. An evaluation of CRC
patients (24) suggested to evaluate the potential of
anxiety and depression in the treatment of cancer-related
fatigue in CRC patients, regardless of age. In the study of
fatigue-related symptom clusters, a variety of biological
mechanisms have been proposed, including cytokine
imbalance, hypothalamic pituitary adrenal (HPA) axis
imbalance, 5-hydroxytryptophan (5-HT) neurotransmitter
imbalance, adenosine triphosphate, and muscle metabolic
changes (18,25). Among these, inflammation related
cytokines have received much attention. It was shown that
cancer and caner-related therapy could influence systematic
inflammation, and then send signals to the central nervous
system, resulting in fatigue and other symptoms (26). It
was reported that the fatigue-related symptom cluster was
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associated with a variety inflammation-related cytokines,
including IL-1B, TNF-a, IL-6, and CRP. However, these
cytokines are not easily obtained through routine clinical
detection. In this study, the serum biomarkers obtained
from clinical routine detection which have been shown
to be associated the systematic inflammation, were used
to evaluate chemotherapy-related symptom clusters. We
found that chemotherapy-related symptom clusters were
associated with several serum biomarkers, including NLR,
LMR, PLR, and so on.

As the incidence of diarrhea in this study was low, it was
not included in the gastrointestinal symptom cluster (16). It
might have been because of the high application of Miles’
resection in the patients enrolled, which results in less
diarrhea (24,27).

It is worth noting that although nausea and vomiting
were clustered together as 2 symptoms in the same symptom
cluster, the factor load of vomiting in the gastrointestinal
symptom group was only 0.68, while the factor load of
nausea was 0.93. This was consistent with the finding of
Smit et al. (28), who observed that the incidence of nausea
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0.435/0.413 0.524/0.520 0.098/0.078

0.509/0.498

R’/R’ adjusted

AIC, Akaike information criterion; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; BMI, body mass index.

Li et al. Serum biomarkers predict symptom clusters in CRC patients

is much higher than that of vomiting. However, in routine
studies, vomiting is the initial focus of antiemetic research,
and nausea is considered as the secondary end point, so the
intervention of nausea is often ignored in clinical work. The
symptom cluster provides a new target for clinical nursing.
It is a reminder that early intervention for the symptoms
that occur in the symptom cluster can help reduce the
negative impact of multiple coexisting symptoms.

In a previous study (29), thin frame, female gender, and
young age were found to be associated with proneness to
nausea and vomiting, and this was accordance with our
study. Weight loss characterized by skeletal muscle loss is
a hallmark of cancer-related malnutrition, and low muscle
mass is associated with increased chemotherapeutic toxicity
and impaired physical function (30). In this study, instead
of measuring the mass of skeletal muscle, we measured
the weight loss after operation, and this suggested that
postoperative nutritional support is particularly important
for CRC patients.

Most CRC patients benefit from oxaliplatin based
chemotherapy, and studies have shown that 94% of CRC
patients experience acute neurotoxicity during adjuvant
chemotherapy (31). Due to the short follow up time, the
incidence of acute neurotoxicity cluster was low. A related
study showed that chemotherapy-induced peripheral
neuropathy was associated with emotional symptoms (32),
while we did not observe a similar relevance. It is worth
mentioning that this study detected a negative correlation
between hemoglobin level and neurotoxic cluster, similar
to the study of Nilgun Yildirim (33). In combination, the
nutritional loss caused by cancer treatment is likely to be
the inducing factor of neurotoxic symptoms. However, in
this study, sensitivity analysis and internal validation of the
model were not performed due to the outcome variable
being linear. In addition, as this study was conducted with a
limited sample size, multicenter studies with larger sample
studies are required to verify these results.

In conclusion, compared with a single symptom,
the symptom clusters will significantly reduce the
functional status and quality of life of CRC survivors,
thus deteriorating patient outcomes (3). By identifying
postoperative chemotherapy-related symptom clusters in
CRC patients (or symptom cluster indicators), clinicians
can better understand CRC patients’ experience, and
ultimately provide better clinical nursing, thus improving
patient compliance with cancer treatment. In this study, we
established a convenient and easily available approach to
predict chemotherapy related symptom clusters, and the
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Table 7 Correlation analysis of fatigue-psychological symptom cluster, neurotoxic symptom cluster, and nutritional and inflammatory indicators

Fatigue-psychological symptom cluster Neurotoxic symptom cluster Constipation-bloating symptom cluster

Variable

r P r P r P
Hgb 0.19 0.03 -0.72 0.00 0.02 0.78
NLR 0.63 0.00 -0.09 0.28 0.12 0.17
LMR -0.49 0.00 0.10 0.26 -0.11 0.19
PLR 0.44 0.00 0.21 0.02 0.04 0.63
PNI -0.22 0.01 -0.32 0.00 -0.08 0.37

Hgb, hemoglobin; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI,

prognostic nutritional index.

potential indicators will facilitate better understanding of
the CRC patients’ symptom experience, and finally provide
precision clinical nursing and help improve the quality of
life of patients. Further longitudinal, multicenter studies
and animal experimental studies will help to further explore
the mechanism of symptom clusters.
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