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Objective: The present study aimed to investigate the predictive value of some inflamma-
tory indexes, such as the ratio of C-reactive protein-to-albumin (CAR), high-sensitivity
C-reactive protein-to-albumin (HCAR), C-reactive protein-to-lymphocyte (CLR), and high-
sensitivity C-reactive protein-to-lymphocyte (HCLR) in the survival and toxicity of naso-
pharyngeal carcinoma and provide reference for the development of treatment.

Methods: A retrospective analysis was conducted on 162 patients from 2013 to 2018. The
value of the indexes before the treatment was calculated. SPSS 25.0 software was used for
the analysis, and the cutoff values of the indexes were determined by the receiver operating
characteristic curve (ROC). The prognostic value of the indexes was evaluated according to
the overall survival rate (OS), progression-free survival rate (PFS), and the incidence of toxic
side effects.

Results: The index CLR was found to be the predictor of mortality of nasopharyngeal
carcinoma but not the indicator for toxicity.

Conclusion: The index CLR can be used for risk-stratification. However, whether the risk-
stratification treatment based on these indicators can improve the prognosis subsequently
needs further prospective study.

Keywords: nasopharyngeal carcinoma, C-reactive protein/albumin ratio, high-sensitivity
C-reactive protein/albumin ratio, C-reactive protein/lymphocyte ratio, high-sensitivity
C-reactive protein/lymphocyte ratio, survival, toxicity

Introduction

Nasopharyngeal carcinoma is one of the most common malignant tumors in China.
The annual incidence of the tumor in southern and southeast Asia is about 30/
100,000." However, geographical and ethnic differences are observed.” Although
radiation therapy is the primary treatment for nasopharyngeal carcinoma, compre-
hensive treatment has been advocated in recent years, which has improved the
therapeutic effect and prognosis of the disease. The 5-year survival rate of patients
with stage I and II nasopharyngeal carcinoma is 95%. Nonetheless, recurrence and
metastasis are still the main reasons for the failure of the treatment of nasophar-
yngeal carcinoma. Some patients exhibit serious adverse reactions after and during
treatment, which affects the survival and quality of life of the patients. Reportedly,
the incidence of local recurrence and distant metastasis in nasopharyngeal carci-
noma patients at 5 years is 8.2-22.0%, and the therapeutic effects need further
improvement.
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Several studies have proved that tumor staging is the
main risk factor affecting prognosis. Most of the clinical
screening is effectuated via tumor staging and treatment
planning. Tumor staging is based on anatomical factors
and neglects biological characteristics of tumor cells.
Thus, the predictive effect of tumor staging on nasophar-
yngeal carcinoma has some limitations. Accumulating
evidence has confirmed that inflammation is a hallmark
of cancer and plays a major role in the development of
tumors.” Indicators based on inflammatory response,

such as Glasgow prognostic score (GPS),”® C-reactive

protein-to-albumin  ratio  (CAR),” '  neutrophil-to-
lymphocyte  ratio (NLR),">'7 and platelet-to-
18-20

lymphocyte ratio (PLR) are crucial while evaluating
the survival and toxicity of several cancers.”' However,
the effect of CAR, high-sensitivity CAR (HCAR),
C-reactive protein-to-lymphocyte ratio (CLR), and high-
sensitivity CLR (HCLR) on the prognosis of nasophar-
yngeal carcinoma is unclear. Therefore, the present study
aimed to evaluate the predictive value of CAR, HCAR,
CLR, and HCLR for the survival and toxicity outcomes
in patients with nasopharyngeal carcinoma intensity-

modulated radiation therapy (IMRT).

Methods

Information

The information on the cases of nasopharyngeal carcinoma
from 2013 to 2018 was collected. The follow-up deadline
was June 2019. This study was approved by the Ethics
Committee of Guangxi Medical University Cancer
(LW2020027), in with  the
Declaration of Helsinki. Written informed consent was

Hospital compliance
obtained from all patients.

Enrollment criteria for the study: (1) age 6-75 years;
(2) pathological diagnosis of nasopharyngeal carcinoma;
(3) intensity-enhanced radiotherapy for nasopharyngeal
carcinoma, combined with or without chemotherapy; (4)
received anti-tumor therapy previously, and peripheral
blood inflammation markers could be obtained; (5) KPS
>70 points. The exclusion criteria were as follows: (1)
other histologically derived malignant tumors; (2) naso-
pharyngeal carcinoma patients with newly diagnosed
metastasis or newly diagnosed patients suspected of dis-
tant metastasis; (3) KPS <70 points; (4) severe infection,
requiring intravenous antibiotics and antifungal or antiviral
therapy; (5) failure to retrieve pretreatment peripheral

blood inflammatory markers; (6) severe blood system,
infectious, cardiac, and cerebrovascular diseases.

This study was approved by the ethics committee of
our center. A total of 162 patients who met the above
criteria were included in the present study. Baseline data,
including the general information, related medical history,
hematological parameters, staging (AJCC 8th edition sta-
ging), treatment plan, radiotherapy dose, survival, and
various toxic side effects, were collected. Also, CAR,
HCAR, CLR, and HCLR were calculated. The general
characteristics of the patients and diseases are shown in
Table 1.

Statistical Methods

All indicators were analyzed by the Kolmogorov—Smirnov
test (K-S). Except for the age distribution, which is
a homogeneous distribution of normal variance, other
indicators showed non-normal distribution.

Correlation Analysis

The continuous normal distribution data were analyzed by
bivariate Pearson’s correlation analysis. The continuous
non-normal distribution data or the non-normal distribution
grade data were selected by bivariate Spearman correlation
analysis, and the bivariate Kendall correlation analysis was
used to assess the classification and grade data.

Determination of Cutoff Values

The optimum cutoff values of CAR, HCAR, CLR, and
HCLR for the prediction of survival and toxicity were
determined through the receiver operating characteristic
(ROC) curve analysis. ROC curves were generated to
select the optimal cutoff point with the highest Youden’s
index for OS and PFS.

Univariate and Multivariate Analysis

In this study, the survival rate was calculated using the
Kaplan—Meier method, and univariate and multivariate
analyses (Cox proportional hazards model) were used to
identify the factors significantly associated with prognosis.
However, to determine the risk factors affecting the occur-
rence of bone marrow suppression, gastrointestinal tract
reactions, radioactive skin and mucosal reaction. The com-
parisons between groups were performed using the Mann—
Whitney U-test and Student’s #-test for continuous vari-
ables, Kruskal-Wallis H-test was used to compare the
differences between 3 groups and above and multivariate
analysis (Logistic regression) was performed on the sig-
nificant indicators in univariate analysis.
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Table | Patients’ and Disease Characteristics

Variables

Cases (%)

Age (years)

<18:1 (0.6%)
19-60:146 (90.1%)
>60:15 (9.3%)

Gender Male |18 (72.8%)
Female 44 (27.2%)
Smoking Yes 59 (36.4%)

No 103 (63.6%)

Nasopharyngeal carcinoma family

inheritance

Yes 11 (6.8%)
No I51 (93.2%)

Family history of malignant tumors

Yes 14 (8.6%)
No 148 (91.4%)

T stage (1/2/3/4)

TI:13 (8.0%)
T2:71 (43.8%)
T3:49 (30.3%)
T4:29 (17.9%)

N stage (0/1/2/3)

NO:7 (4.3%)

NI:43 (26.6%)
N2:83 (51.2%)
N3:29 (17.9%)

Tumor stage

1 (0.6%)
11:26 (16.0%)
111:78 (48.2%)
IV:57 (35.2%)

Treatment

Radiotherapy alone:12 (7.4%)
Synchronous chemoradiotherapy: 49
(30.3%)

IMRT+ Adjuvant chemotherapy: 101
(62.3%)

Radiotherapy dose (GTV)

<70.4Gy:34 (21%)
70.4-70.94Gy: 18 (11.1%)
70.95-72.6Gy:105 (64.8%)
>72.6Gy:5 (3.1%)

Myelosuppression

I: 40 (24.7%)
II: 74 (45.7%)
IIl: 37 (22.8%)
IV: 11 (6.8%)

Gastrointestinal reaction

0: 81 (50%)
I: 17 (10.5%)
II: 50 (30.9%)
IHl: 13 (8.0%)
IV: 1 (0.6%)

Radioactive skin and mucosal reaction

I: 65 (40.1%)
II: 67 (41.4%)
I1l: 30 (18.5%)

Notes: Grading was performed according to the AJCC 8th edition staging, RTOG
Acute Radiation Injury Grading Criteria and Adverse Event General Terminology
Criteria (CTCAE) v4.03. GTV refers to clinically visible or accessible tumor sites
and tumor areas that can be confirmed by means of diagnostic tests.
Abbreviation: GTV, gross tumor volume.

Survival Analysis
Survival curves were plotted using the Kaplan—Meier
method, and the Log rank test was applied to assess the
differences between survival rates. The prognostic value of
CAR, HCAR, CLR, HCLR, and other variables (age and
smoking) was assessed by multivariate Cox regression
analysis.

P<0.05 indicated statistically significant difference. All
the analyses were carried out using SPSS version 25.

Results

Survival Outcomes

The median survival time was 32.5 (4-48) months, The
median follow-up time was 50 (9—99) months. In the
cohort, 20 patients died, 6 patients had a local recurrence
(1 death), and 19 patients (11 deaths) had distant metas-
tasis during and after treatment. The specific survival time
could not be estimated by the K-M curve due to the small
number of deaths in this study. The OS and PFS rate was
87.7% and 84.6%, respectively, the 1-year survival rate
was  96.9%, 68.5%,
respectively.

and the 3-year OS rate was

Correlation Analysis

CAR, CLR, and HCLR were weakly correlated with T, N,
and tumor stage (P<0.05, r<0.3); HCAR was weakly cor-
related with T, N staging, and radiation skin mucosal
reaction (P<0.05, r<0.3). In order to further verify whether
the model was successfully established, we performed
a collinear analysis. Obvious collinearity was detected
between the four indicators of CAR, HCAR, CLR, and
HCLR (variance inflation factor, VIF, 15.762-26.189);
however, none was observed between CAR, HCAR,
CLR, HCLR, and other indicators (VIF<5).

Cutoff Values for CAR, HCAR, CLR, and
HCLR

The optimal cutoff value for the survival prediction was
determined by ROC curve analysis. When OS was taken
as the endpoint of CAR, HCAR, CLR, and HCLR, the
critical value of CAR was 0.08 (P<0.001, sensitivity
85.0%, specificity 72.5%), the HCAR cutoff value was
0.03 (P<0.001, sensitivity 90.0%, specificity 75.4%), the
CLR cutoff value was 1.41 (P<0.001, sensitivity 95.0%,
specificity 58.5%), and the HCLR threshold was 0.45
(P<0.001, sensitivity 95.0%, specificity 64.8%) (Figure
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Figure | The ROC curve of CAR, HCAR, CLR, HCLR based on the overall survival (OS) (a) and the progression-free survival (PFS) (b).
Abbreviations: ROC, receiver operating characteristic; CAR, C-reactive protein-to-albumin ratio; HCAR, high-sensitivity C-reactive protein-to-albumin ratio; CLR,
C-reactive protein-to-lymphocyte ratio; HCLR, hypersensitive C-reactive protein-to-lymphocyte ratio.

1A). When PFS was used as the endpoint, the CAR thresh-
old was 0.08 (P<0.05, sensitivity 63.6%, specificity
72.9%), the HCAR cutoff was 0.02 (P<0.01, sensitivity
75.8%, specificity, sexuality 64.3%), the CLR threshold
was 2.01 (P<0.05, sensitivity 51.5%, specificity 76%), and
the HCLR cutoff value was 0.62 (P<0.01, sensitivity
63.6%, specificity 71.3%) (Figure 1B).

Kaplan—Meier Curves

The Kaplan—Meier survival curves of CAR (Figure 2A),
HCAR (Figure 2B), CLR (Figure 2C), and HCLR (Figure
2D) based on total OS and the Kaplan—-Meier survival
curves of CAR (Figure 3A), HCAR (Figure 3B) and
HCLR (Figure 3D) based on PFS showed statistical sig-
nificance (P<0.05), however, the K-M curve of CLR
(Figure 3C) based on PFS showed no significant statistical
significance (P > 0.05), indicating that the OS and PFS rate
of low-level CAR, HCAR, and HCLR was significantly
higher than that of high-level CAR, HCAR, HCLR. A high
level of CLR predicted poor OS.

Univariate and Multivariate Analysis

Table 2 summarizes the results of univariate analysis.
Univariate analysis revealed that radiotherapy dose
(P=0.015), CAR (<0.08/>0.08) (P<0.001), HCAR (<0.03/

>0.03) (P=0.001), CLR (<1.41/>1.41) (P=0.002), and
HCLR (=0.45/>0.45) (P<0.001) were significantly asso-
ciated with OS. N stage (P=0.002),
(P=0.029), treatment (P=0.007), radiotherapy dose
(P=0.044), CAR (<0.08/>0.08) (P=0.017), HCAR (<0.02/
>0.02) (P=0.015), HCLR (<0.62/>0.62) (P=0.043), and
gastrointestinal reaction (P=0.060) were significantly asso-

tumor stage

ciated with PFS. In order to identify the optimal influen-
cing factors, the wvariables that were significant in
univariate analysis (P<0.1) were subjected to multivariate
analysis to identify the independent prognostic indicators
for OS and PFS. Multivariate analysis suggested that CLR
(HR 11.763; 95% CI, 1.257-110.050; P=0.031) was an
independent indicator affecting OS. Gender (HR 3.152;
95% CI: 1.501-6.618; P=0.002), treatment (P=0.017),
and gastrointestinal reaction (P=0.006) were independent
indicators affecting PFS.

Toxicity

Univariate and multivariate analysis of toxic side effects
showed that gender, T stage, N stage, and treatment plan
were related to the occurrence of myelosuppression. The
choice of the treatment plan was related to the occurrence
of gastrointestinal reaction and radioactive skin and muco-
sal reaction. Univariate analysis suggested that the index
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Figure 2 The Kaplan—Meier survival curves of CAR (a), HCAR (b), CLR (c), HCLR (d) based on the overall survival (OS).
Abbreviations: CAR, C-reactive protein-to-albumin ratio; HCAR, high-sensitivity C-reactive protein-to-albumin ratio; CLR, C-reactive protein-to-lymphocyte ratio;

HCLR, hypersensitive C-reactive protein-to-lymphocyte ratio.

of CAR predicted the occurrence of gastrointestinal reac-
tion but not in a multivariate analysis. However, no sig-
nificant difference was detected in HCAR, CLR, and
HCLR in myelosuppression, gastrointestinal reaction, and
radiation skin damage (Table 3).

Discussion

Nasopharyngeal carcinoma refers to malignant tumor that
occurs on the top and side walls of the nasopharyngeal
cavity. It is one of the high-grade malignant tumors in
China detected in the ear, nose, and throat. It is moderately
sensitive to radiation therapy, which is the preferred treat-
ment for nasopharyngeal carcinoma. However, due to the
easy recurrence and early metastasis of the tumor, the
prognosis is still poor. Reportedly, the incidence of local
recurrence and distant metastasis in nasopharyngeal carci-
noma patients at 5 years is 8.2-22.0%. Consecutively, the

adverse reactions, such as myelosuppression, gastrointest-
inal reactions, radioactive skin, and mucosal damage post-
radiotherapy and chemotherapy severely affect the quality
of life of patients. Therefore, by studying the risk factors
associated with the prognosis of patients with nasophar-
yngeal carcinoma, screening high-risk patients and their
systematic treatment is of great clinical significance for
improving the prognosis and quality of life.

Inflammation is closely related to tissue damage and
infection. In recent years, exploring the -correlation
between inflammation and cancer has been a hot topic of
research in clinical oncology. Accumulating evidence con-
firms that inflammation is a hallmark of cancer and plays
a major role in the development of tumors.* First, chronic
inflammation promotes the development of tumors, such
as hepatitis-related liver cancer, Helicobacter pylori infec-
tion caused by gastric cancer, repeated esophageal
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Figure 3 The Kaplan-Meier survival curves of CAR (a), HCAR (b), CLR (c), HCLR (d) based on the progression-free survival (PFS).
Abbreviations: ROC, receiver operating characteristic; CAR, C-reactive protein-to-albumin ratio; HCAR, high-sensitivity C-reactive protein-to-albumin ratio; CLR,
C-reactive protein-to-lymphocyte ratio; HCLR, hypersensitive C-reactive protein-to-lymphocyte ratio.

inflammatory lesions, and esophageal cancer. Second,
inflammation is a vital part of tumor development as it
changes the tumor microenvironment and could be
involved in tumor invasion, migration, and metastasis.?
C-reactive protein (CRP) is a typical acute phase protein
that is a nonspecific, acute inflammatory marker. The
plasma concentration rises rapidly with inflammation,
infection, tissue damage, and the development of cancer.
Therefore, CRP and CAR and other inflammatory markers
are associated with poorer survival in many malignancies.
A meta-analysis'> showed that in addition to colorectal
cancer, high-level CAR is associated with poor prognosis
of other malignancies, suggesting that it can be used as
a prognostic indicator for human malignancies in a clinical
setting. Thus, the present study aimed to investigate the
predictive value of some inflammatory indexes based on
CRP (CAR, HCAR, CLR, and HCLR) in the survival and

toxicity of nasopharyngeal carcinoma and provide refer-
ence for the development of treatment.

In this study, univariate analysis showed that CAR,
HCAR, CLR, and HCLR significantly affected the total
OS. Furthermore, CAR, HCAR, and HCLR indexes
exerted statistically significant influence on PFS. The
Kaplan—Meier survival curve showed that the OS and
PFS of low-level CAR, HCAR, CLR, and HCLR were
better than those of the high-level group. However, multi-
variate analysis suggested that only CLR index had statis-
tically significant influence on OS. No significant
differences were noted in the toxicity.

The results showed that CLR is a critical indicator for
predicting the survival rate of patients with nasopharyn-
geal carcinoma. However, CAR, HCAR, CLR, and HCLR
were not significantly associated with the occurrence of

recent toxic side effects in the carcinoma. These results
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Table 3 Univariate and Multivariate Analysis of Myelosuppression, Gastrointestinal Reactions, Radioactive Skin and Mucosal Reaction

Toxicity Myelosuppression Gastrointestinal Reaction | Radioactive Skin and Mucosal
Reaction

n Univariate | Multivariate | Univariate | Multivariate | Univariate Multivariate
(P) (P) (P) (P) (P) (P)

Age (years) 0.305 0.552 0.083

Gender (male/female) 0.003 0.000 0.537 0.696

Smoking (yes/no) 0.236 0.788 0.722

NPC family inheritance (yes/no) 0.046 0.572 0.302

Family history of malignant tumors (yes/no) | 0.410 0.801 0.056

T stage (T1/2/3/4) 0.021 0.005 0.390 0.175

N stage (NO/1/2/3) 0.017 0.044 0.249 0.096

Tumor stage (I/II/11I/1V) 0.000 0.173 0.278

Treatment 0.000 0.000 0.003 0.000 0.006 0.008

Radiotherapy alone

Synchronous chemoradiotherapy

IMRT+Adjuvant chemotherapy

Radiotherapy dose 0.008 0.142 0.202

CAR (<0.08/>0.08) 0.720 0.034 0.073

HCAR (<0.03/>0.03) 0.842 0.050 0.520

CLR (=1.41/>1.41) 0.877 0.448 0.094

HCLR (<0.45/>0.45) 0.515 0.062 0.271

Abbreviations: NPC, nasopharyngeal carcinoma; IMRT, intensity-modulated radiation therapy; CAR, C-reactive protein-to-albumin ratio; HCAR, high-sensitivity C-reactive
protein-to-albumin ratio; CLR, C-reactive protein-to-lymphocyte ratio; HCLR, hypersensitive C-reactive protein-to-lymphocyte ratio.

differed from those of the meta-analysis by Xu et al (high
pretreatment CAR indicates poor prognosis in human
malignancies except colorectal cancer).'> Moreover, the
recent occurrence of the toxic side effects in the pharyn-
geal cancer was different from the results of the study by
Tominaga et al (CAR as a significant determinant of
severe side effects of adjuvant chemotherapy with stage
IIT colorectal cancer).'” However, our study did not find
significant effects of CAR on prognosis and toxic and side
effects of inflammatory markers, which might be attributed
to a variety of confounding factors as well as limited
number of samples.

First, this is a retrospective analysis that may have
selection bias and aliasing variables. When the recent
toxic side effects occurred, due to the timely clinical

detection and effective treatment, only a few cases of

grade 4 adverse reactions were observed in this study. In
addition, the patients with the KPS score >70 exhibited
a satisfactory nutritional status based on albumin and other
nutrition. Intriguingly, the effects of low levels of CAR,
HCAR, CLR, and HCLR were excluded, and selection
biases were inevitable. Secondly, the correlation analysis
revealed that CAR, CLR, and HCLR were weakly corre-
lated with T, N, and tumor stage, while HCAR was weakly
correlated with T, N staging, and radiation skin mucosal
reaction. Thus, we performed a collinear analysis. Since
CAR, HCAR, CLR, and HCLR are calculated based on
albumin, lymphocytes, and two common indicators, dis-
tinct collinearity was observed. However, no obvious col-
linearity was detected with other indicators, suggesting
that the model was established successfully. Thirdly, this
experiment does not systematically describe the individual
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treatment plan, the dosage, and the treatment cycle. Thus,
the possibility that the specific choice of treatment options
and other factors leads to different degrees of toxic side
effects cannot be excluded. Nevertheless, the present study
has certain limitations. This study included a total of 162
cases constituting a small sample size, thereby necessitat-
ing large-scale studies for further validation. Also,
a retrospective, single-center study on high-risk for naso-
pharyngeal carcinoma is required to evaluate the treatment
effect and survival prognosis.

The current study clarified not only the CAR indicators
for nasopharyngeal carcinoma associated with poor prog-
nosis, but the predictive role of HCAR, CLR, and HCLR
is yet unclear in patients with nasopharyngeal carcinoma.
To the best of our knowledge, no previous report has
examined the correlation between inflammation-based
indexes and the side effects of chemotherapy in nasophar-
yngeal cancer. In addition, compared with previous stu-
dies, this study includes four indicators (CAR, HCAR,
CLR, and HCLR), which are of certain novelty. Our data
suggested that in nasopharyngeal cancer patients treated
with IMRT, CLR, but not PFS or toxicity, is an indepen-
dent predictor of mortality. CLR is a readily available
biomarker that could improve the pretreatment prognosti-
cation and may be used for risk-stratification. This finding
could be attributed to CLR that is composed of CRP and
lymphocytes, both of which are closely related to the state
of inflammation. Tumor-related inflammation causes sup-
pression of antitumor immunity by recruiting regulatory
T cells and activating chemokines, which in turn, result in
tumor growth and metastasis. CRP is a typical acute phase
protein; its plasma concentration increases rapidly with the
development of inflammatory tissue damage and cancer;
also, it is a non-specific inflammatory marker in the acute
phase. Therefore, CRP and CRP-based inflammatory mar-
kers, such as CAR and CLR, have been shown to predict
poor survival in previous studies of multiple malignancies.
CLR is an inexpensive and easily measurable indicator of
inflammation that can help clinicians develop personalized
treatment and follow-up strategies for patients with non-
metastatic nasopharyngeal cancer.

Conclusion

This study showed that CLR is a novel and promising
inflammatory score for the survival prognosis in patients
with nasopharyngeal carcinoma treated with IMRT.
However, it could not be concluded that CAR, HCAR,
and HCLR have no predictive effect on survival prognosis,

thereby necessitating stringent standards for a large-scale
study in the future.

Abbreviations

CAR, C-reactive protein-to-albumin ratio; HCAR, High-
CLR,
HCLR,
Hypersensitive C-reactive protein-to-lymphocyte ratio;
IMRT, OS,
Overall survival; PFS, Progression-free survival; K-S

sensitivity C-reactive protein-to-albumin ratio;

C-reactive protein-to-lymphocyte ratio;

Intensity-modulated radiation therapy;
test, Kolmogorov—Smirnov test; ROC, Receiver operating
characteristic; GTV, Gross tumor volume; NPC, nasophar-
yngeal carcinoma; KPS, Karnofsky Performance Status;
AJCC, American Joint Committee on Cancer; VIF, var-

iance inflation factor.
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