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Wen Xia™* and Zhong-Yu Yuan™*

State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Guangdong Key
Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy, Sun Yat-sen University Cancer Center, Guangzhou, China

Background: A higher ratio of pretreatment C-reactive protein/albumin ratio (CAR) is
associated with poor prognosis in nasopharyngeal carcinoma (NPC), and Epstein—-Barr
virus (EBV) DNA level is known to not only participate in the occurrence of nasopharyngeal
carcinoma but also affect the development and prognosis of the disease. Herein, we
proposed that a combination of both these markers could improve the predictive
prognostic ability.

Methods: In all, 842 NPC patients who received concurrent chemoradiotherapy (CCRT)
were entered in this study. We collected all patients’ blood samples and EBV DNA copy
numbers within one week before any treatment. Receiver operating characteristic (ROC)
curve was used to determine the optimal cut-off. We employed the Kaplan-Meier method
for survival analyses and the univariate and multivariate analyses (Cox proportional
hazards regression model) for statistical analysis. A nomogram was constructed based
on multivariate analyses results of the validation set. The model was internally validated
using 1000 bootstrap samples to avoid overfitting. Another validation of 10-fold cross-
validation was also applied. Calibration curves and concordance index (C-index) were
calculated to determine predictive and discriminatory capacity.

Results: In the whole cohort, we observed that higher CAR, EBV DNA level, and CAR-
EBV DNA (C-E) grade were associated with shorter overall survival (OS) and distant
metastasis-free survival (DMFS) (all P<0.05). In univariate and multivariate analyses, C-E
grade was an independent prognostic factor (all P<0.05). In the training set, we gained the
similar results with the whole set. According to multivariate analyses of the training set, we
constructed a nomogram. The results of bootstrap samples and 10-fold cross-validation
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showed favorable predictive efficacy. And calibration curves of the model provided
credibility to its predictive capability.

Conclusion: C-E grade was confirmed as an independent prognostic predictor in
patients with NPC who received CCRT. Higher level of pretreatment C-E grade could
signify a higher risk of metastasis and shorter OS. The prognostic nomogram based on
C-E grade was dependable in nasopharyngeal carcinoma patients.

Keywords: survival, nomogram, nasopharyngeal carcinoma, C-E grade, Epstein-Barr virus DNA, CAR

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a relatively rare type of
head and neck cancer, and is characterized by its unique ethnic
and geographic distributions. Southern China has one of the
highest incidence of NPC (1), at 20-30 per 100,000 people (2). In
addition, the etiology of NPC is distinct from other carcinomas
and is related with the Epstein-Barr virus (EBV) (3). During the
last several decades, patient prognosis has improved dramatically
owing to advances in disease management (4). The widespread
application of intensity-modulated radiotherapy and
optimization of chemotherapy strategies have contributed to
improved survival with reduced toxicities (5, 6). Concurrent
chemoradiotherapy (CCRT) had proven to be superior in many
clinical trials and is recommended for patients with locally
advanced disease (7-11). Although the trends show that the
incidence has declined gradually and the mortality reduced
substantially, there are still a considerable number of patients
with NPC. It is especially crucial to make an accurate assessment
to form a suitable treatment plan. Thus far, the gold standard for
evaluating the prognosis of NPC is the Union Internationale
Contre le Cancer/American Joint Cancer Committee (UICC/
AJCC) TNM staging system (12). However, clinicians have
noticed that the prognosis of different patients with the same
TNM staging is quite distinct. One explanation for this is that the
TNM staging system does not account for patients’ personal
conditions. Therefore, finding an individual, integrated, and
robust indicator is very essential.

Inflammation is known to be associated with cancer (13-15),
as it plays an important role in carcinogenesis and tumor
progression (16-19). Researchers have shown that
inflammation-based indicators are relevant to prognosis of
various cancers such as breast cancer (20), gastric cancer (21),
rectal and colorectal cancer (22), and lung cancer (23). With
respect to NPC, some studies have verified that the neutrophil-
to-lymphocyte ratio (NLR), (24), lymphocyte-to-monocyte ratio
(LMR) (25), EBV DNA level (26), and C-reactive protein/
albumin ratio (CAR) (27) are prognostic biomarkers. C-
reactive protein is an accurate protein generated by liver under
systemic inflammation and serum albumin is always seen as
signal of nutrition status, therefore, CAR, as a high individual
marker, could precisely reflect inflammatory nutritional state of
objects. Besides, EBV plays an important role in the etiology of
NPC. However, to our best knowledge, no study yet has focused
on both CAR and EBV DNA levels. Therefore, CAR-EBV DNA

(C-E) grade, which combines both the indices, can reflect patient
prognosis from two aspects: etiology and personal condition.

At present, no published studies have reported a predictive
marker that integrated CAR and EBV DNA level for overall
survival (OS) in NPC patients. In this study, we aimed to
establish and explore the prognostic ability of CAR-EBV DNA
(C-E) grade in patients who received CCRT. We also
demonstrated the relationship between CAR-EBV DNA (C-E)
grade and the clinical characteristics of NPC. A nomogram based
on CAR-EBV DNA (C-E) grade was built for an authentic
prognostic prediction in NPC patients who received CCRT in
order to assist clinical work.

PATIENTS AND METHODS

Patients and Sample Selection

In all, 842 NPC patients were recruited at the Sun Yat-sen
University Cancer Center (SYSUCC; Guangzhou, China) from
December 2009 to December 2014. The inclusion criteria were as
follows: 1) histologic diagnosis of NPC; 2) patients who received
CRRT; and 3) clinical stage II-IVa based on the 8th AJCC
staging system; The exclusion criteria were: 1) synchronal
malignancies; 2) lack of pretreatment peripheral blood
examination and EBV DNA copy number; and 3) insufficient
follow-up data. All patients involved in this study provided
written informed consent.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent was obtained
from all individual participants included in the study.

All patients underwent pretreatment evaluation that included
complete patient history, physical examination, hematology and
biochemistry profiles, magnetic resonance imaging (MRI) of the
neck and nasopharynx, chest radiography, abdominal
sonography, and a whole-body bone scan using single photon-
emission computed tomography. All patients’ data was from
SYSUCC, and blood samples and EBV DNA copy number were
obtained one week before initiation of any treatment.

Treatment
All selected patients were treated according to the SYSUCC
treatment protocol for NPC. Generally, all patients received
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intensity-modulated radiotherapy (IMRT) at a total dose of 68—
70 Gy to the primary lesions, while metastatic lymph node areas
received 2 Gy/day, 5 times per week. The regional lymphatic
drainage area was irradiated with a total dose of 50-54 Gy. All
patients also underwent simultaneous chemotherapy during
IMRT with cisplatin, carboplatin, or nedaplatin, using either a
weekly or triweekly regimen.

Construction and Grades of

CAR-EBV DNA

CAR was calculated by dividing the C-reactive protein and albumin
levels. The cut-off of CAR and EBV DNA level were obtained
according to the Youden index based on receiver operating
characteristic (ROC) curves. Based on the cut-off values, patients
with both lower CAR and EBV DNA levels were assigned grade 0,
those with either increased CAR or increased EBV DNA level were
assigned grade 1; and those with both higher CAR and EBV DNA
level were assigned grade 2.

Outcome and Follow-Up

Overall survival time was defined as the duration from the date of
diagnosis to death or to the last follow-up. Recurrence-free
survival (RFS) was defined as the time from the date of
diagnosis to the date of first recurrence, death from any cause,
or last follow-up. Distant metastasis-free survival (DMFS) time
was defined as the period from the date of diagnosis to metastasis,
death from any cause, or last follow-up. All patients were followed-
up by outpatient examination or telephonic interviews.

Statistical Analysis

All analyses were conducted using the SPSS software version 25.0
(IBM Corp., Armonk, NY); GraphPad Prism version 6.0
(GraphPad, La Jolla, CA); and R software (Version 5.1-0,
Vanderbilt University, Nashville, TN). SPSS software was used
to calculate the ROC curve to determine the cut-off values for

CAR and EBV DNA. The relationships between CAR-EBV DNA
(C-E) grade and other key clinicopathological characteristics
were analyzed by chi-square test or Fisher’s exact test.
Univariate and multivariate analyses were performed using the
Cox proportional hazards model. Two-tailed P values <0.05 were
considered to indicate statistical significance. Survival curves
were plotted by the Kaplan-Meier method, and significance
was determined by the log-rank test. A nomogram was
generated with endpoints of 3-year and 5-year OS and DMFS,
using the R software “rms” package. The concordance index (C-
index) for OS and DMEFS and the calibration plots were obtained.
1000 bootstrap samples and 10-fold cross-validation was also
applied to avoid overfitting.

RESULTS

Receiver Operating Curve of C-E Grade
According to the maximum Youden index value (Figure 1), the
optimal cut-off value for CAR was 0.537 (AUC: 0.586, 95% CI:
0.512-0.659, P=0.021, sensitivity: 50.00%, specificity: 67.10%)
and the optimal cut-off value for EBV DNA level was 2895
(AUC: 0.605, 95% CI: 0.533-0.676, P=0.005, sensitivity: 59.10%,
specificity: 61.90%). The AUC for CAR-EBV DNA grade was
0.637 (95% CI: 0.568-0.706, P<0.001, sensitivity: 77.30%,
specificity: 44.70%).

Patients’ Characteristics and

Relationships Between C-E Grade With
Clinicopathological Features

In all, 842 NPC patients were enrolled in this study. The
relationship between clinicopathological characteristics and
CAR-EBV DNA of the whole cohort is presented in Table 1.
The relationship between features with CAR and EBV DNA is
given in the Supplementary Materials. Briefly, the median age of

EBV, Epstein-Barr virus; C-E grade, CAR-EBV DNA grade.
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FIGURE 1 | Receiver operating curves (ROCs) for CAR, EBV DNA level, and C-E grade for survival status in the whole cohort. CAR, C-reactive protein/albumin ratio;
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TABLE 1 | The relationship between C-E grade and clinicopathologic characteristics in the whole cohort.

Characteristics Total(N=842) C-E Grade P
1 2
Age (years)
<45 426(50.6%) 190(22.6%) 165(19.6%) 71(8.4%) 0.629
>45 416(49.4%) 172(20.4%) 172(20.4%) 72(8.6%)
Sex
Male 626(74.3%) 250(29.7%) 254(30.2%) 122(14.4%) 0.001*
Female 216(25.7%) 112(13.3%) 83(9.9%) 21(2.5%)
Histology
keratinizing 1(0.1%) 0(0%) 1(0.1%) 0(0%) 0.371
non-keratinizing (differentiated) 12 (1.4%) 7(0.8%) 2(0.2%) 3(0.4%)
non-keratinizing (undifferentiated) 829(98.5%) 355(42.2%) 334(39.7%) 140(16.6%)
T stage
1 41(4.9%) 23(2.7%) 15(1.8%) 3(0.4%) <0.001*
2 160(19.0%) 76(9.0%) 65(7.7%) 19(2.3%)
3 518(61.5%) 231(27.4%) 202(24.0%) 85(10.1%)
4 123(14.6%) 32(3.8%) 55(6.5%) 36(4.3%)
N stage
0 80(9.5%) 43(5.1%) 30(3.6%) 7(0.8%) <0.001*
1 452(53.7%) 219(26.0%) 180(21.4%) 53(6.3%)
2 266(31.6%) 92(10.9%) 104(12.4%) 70(8.3%)
3 44(5.2%) 8(1.0%) 23(2.7%) 13(1.5%)
Clinical stage
2 116(13.8%) 62(7.4%) 48(5.7%) 6(0.7%) <0.001*
3 565(67.1%) 261(31.0%) 214(25.4%) 90(10.7%)
4 161(19.1%) 39(4.6%) 75(8.9%) 47(5.6%)

*P<0.05,; C-E grade, CAR-EBV DNA grade.

patients was 45 (range: 18-84) years. The male:female ratio was
2.89:1. In the pathological classification, most patients (829,
98.5%) had non-keratinizing (undifferentiated) NPC.
According to the TNM staging system, 116 (13.8%) patients
were in clinical stage 2, 565 (67.1%) were in clinical stage 3, and
161 (19.1%) patients were in clinical stage 4.

The whole cohort was randomly divided into a training set and
validation set (ratio: 9:1, respectively) (Table 2). With respect to C-E
grade, 362 (43.0%), 337 (40.0%), and 143 (17.0%) patients were
assigned to grade 0, grade 1, grade 2, respectively.

Survival Analysis of CAR, EBV DNA, and
C-E Grade

According to classifications of the three indicators, the whole
cohort was divided into different groups. Figure 2 shows the
significant survival differences among the different groups.
According to optimal cut-off and gradation, we noticed that
higher CAR, EBV DNA level, and C-E grade were associated
with shorter OS and DMFS (all P<0.05). The OS, DMFS, and RFS
for patients in the high and low CAR groups were 46.88 and
48.78 months (P=0.004), 44.44 and 47.37 months (P=0.001), and
44.42 and 45.98 months (P=0.868), respectively (Figures 2A-C).
The OS, DMFS, and RFS for patients in the high and low EBV
DNA groups were 46.92 and 48.93 months (P<0.001), 43.97 and
47.96 months (P<0.001), and 44.75 and 45.91 months (P=0.650),
respectively (Figures 2D, E). The OS, DMFS, and RFS for
patients in the C-E grades were 46.88, 46.92, and 49.75 months
(P<0.001); 43.54, 44.74, and 49.01 months (P<0.001); and 44.58,
44.61, and 46.57 months (P=0.972), respectively (Figures 2G-I).

Furthermore, we performed univariate and multivariate
analyses for OS and DMFS. We observed that C-E grades were
a significant independent prognostic factor (Tables 3 and 4, all
P<0.05). There were no obvious differences in the survivals for
RFS, we did not procedure univariate and multivariate analyses
for RFS.

In the training set, we conducted survival analysis and
univariate and multivariate analyses (see Supplementary
Materials). The results were in line with those of the whole set.
For OS and DMFS, high-level groups of CAR, EBV DNA level,
and C-E grade had shorter survival time than low-level groups
(all P<0.05). And no significant intergroup difference was found
with respect to RFS (all P>0.05). The results of univariate and
multivariate analyses were consistent with the whole set.

Construction and Validation of the
Nomogram
A nomogram model was built based on the results of multivariate
analysis. Independent prognostic indicators were integrated into the
prediction of OS and DMES times. With regard to OS time, T stage,
N stage, and C-E grade were included (Figure 3). And for DMFS
time, these factors included N stage, and C-E grade (Figure 4).
The prediction ability of the final model was assessed using
the C-index. For OS, the value was 0.693 (95% CI: 0.661-0.725)
as well as the bias-corrected C-index, which was estimated using
bootstrap with 1000 iterations and noted to be 0.695 (95% CI:
0.657, 0.733). For DMFS, the values were 0.693 (95%CI: 0.664—
0.722) and 0.690 (95% CI: 0.678, 0.702), respectively. In addition,
the result of internal 10-fold cross-validation for OS (C-index:

Frontiers in Oncology | www.frontiersin.org

July 2021 | Volume 11 | Article 583283


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Huang et al.

C-E Grade Predicts Survival in NPC

TABLE 2 | Clinicopathologic characteristics of the patients.

Characteristics Training set Validation set
(N=758) (N=84)
Age
<45 381(45.2%) 45(5.4%)
>45 377(44.8%) 39(4.6%)
Sex
Male 562(66.7%) 64(7.6%)
Female 196(23.3%) 20(2.4%)
Histological type
1 1(0.1%) 0(0.0%)
2 10(1.2%) 2(0.2%)
3 747(88.7%) 82(9.8%)
T stage
1 36( .3%) 5(0.6%)
2 147(17.5%) 13(1.5%)
3 469(55.7%) 49(5.8%)
4 06(12.6%) 17(2.0%)
N stage
0 68(8.1%) 12(1.4%)
1 407(48.4%) 45(5.3%)
2 241(28.6%) 25(3.0%)
3 42(5.0%) 2(0.2%)
Clinical stage
2 103(12.2%) 13(1.5%)
3 513(60.9%) 52(6.2%)
4 142(16.9%) 19(2.3%)
CAR
0 495(58.8%) 59(7.0%)
1 263(31.2%) 25(3.0%)
EBV DNA level
0 459(54.5%) 48(5.7%)
1 299(35.5%) 36(4.3%)
C-E grade
Grade O 322(38.2%) 40(4.8%)
Grade 1 310(36.8%) 27(3.2%)
Grade 2 126(15.0%) 17(2.0%)

CAR, C-reactive protein/albumin ratio; EBV, Epstein-Barr virus;, C-E grade, CAR-EBV DNA grade.

#According to the 7th edition of the UICC/AJCC staging system.

0.696, 95% CI: 0.688, 0.704) and DMFS (C-index: 0.681, 95% CI:
0.640, 0.722) also showed favorable predictive efficacy. In
validation set, the C-index of the nomogram was 0.642 (95%
CL: 0.527-0.757) for OS and 0.574 (95%CI: 0.462-0.686) for
DMES. The calibration curves showed good consistency with
actual observation in prediction of 3- and 5-year OS and DMFS
(Figures 5 and 6).

DISCUSSION

In this retrospective study, 842 NPC patients who received
CCRT were included. First, we found that CAR and EBV DNA
levels were independent predictors of survival in a cohort of NPC
patients. By combining pretreatment CAR with EBV DNA level,
we developed a novel evaluation grade and proposed a new
prognostic factor—C-E grade—in NPC patients. We
demonstrated that patients in different groups according to
optimal cut-off had clearly distinct survival times. The
univariate and multivariate analyses showed that C-E grade
was an independent prognostic indicator in NPC patients.

Next, we randomly divided patients into a training set and
validation set. The results of the survival plot and univariate
and multivariate analyses of the training set were consistent with
the whole cohort. Based on the results of the multivariate
analysis, a nomogram of C-E grade was constructed.
Afterward, C-index and calibration in both sets were
calculated, and the values confirmed the validity of this model.

In survival analysis, we noticed that the level of CAR and EBV
DNA had no relationship with RFS. Actually, we are not the first
research that found this trend. Several studies reported that the
level of CAR was associated with OS and DMFS in NPC patients
(27-30). For the level of EBV DNA, there were also some similar
researches. In one research, the researchers made a conclusion
that EBV DNA was more useful in detecting distant metastasis
than recurrence (31). Another research investigated the
relationship between EBV DNA level and survival of NPC
patients, the researchers also reported that EBV DNA level was
highly prognostic of long-term survival and distant metastasis in
NPC patients (26). Our results were consistent with these
researches that patients with higher level of CAR and EBV
DNA had poorer OS and DMFS. C-E grade was obtained from
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FIGURE 2 | Kaplan-Meier survival curves of the whole set of patients with NPC patients. (A-C) show the survival curves for OS, DMFS, and RFS, respectively,
according to the classification of CAR. (D-F) show the survival curves for OS, DMFS, and RFS, respectively, according to classification of EBV DNA copy number.
(G-1) show the survival curves for OS, DMFS, and RFS, respectively, according to classification of C-E grade.

CAR and EBV DNA level. Therefore, the survival curves of C-E
grade were congruous with two of them so that the survival
analysis of it for OS and DMFS was significant, but not for RFS.
However, the underlying reason is unclear. A lot of related work

need to be done to explore the differences.

Inflammatory markers have been closely associated with
various tumors. For instance, Kuroda et al. showed that
Controlling Nutritional Status (CONUT) is useful to not only
estimate the nutritional status but also predict the long-term

OS in gastric cancer patients after curative resection (32).

TABLE 3 | Univariate and multivariate analyses of overall survival in the whole cohort.

Characteristics Univariate analysis Multivariate Cox regression analysis
Hazard ratio(95%Cl) P Hazard ratio(95%CI) P

Age (years) 1.5652(0.950-2.535) 0.079

Sex 0.777(0.431-1.402) 0.402

Histology 0.426(0.157-1.156) 0.094

T stage 1.611(1.111-2.337) 0.012* 1.526(1.050-2.220) 0.027*
N stage 1.797(1.301-2.481) <0.001* 1.665(1.193-2.323) 0.003*
Clinical stage 2.095(1.366-3.213) 0.001*

CAR 2.016(1.244-3.267) 0.004*

EBV DNA level 2.292(1.403-3.745) 0.001*

C-E grade 1.942(1.411-2.674) <0.001* 1.621(1.193-2.323) 0.005*

*P<0.05;, CAR, C-reactive protein/albumin ratio; EBV, Epstein—Barr virus; C-E grade, CAR-EBV DNA grade.
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TABLE 4 | Univariate and multivariate analyses of distant metastasis-free survival in the whole cohort.

Characteristics Univariate analysis Multivariate Cox regression analysis

Hazard ratio(95%Cl) P Hazard ratio(95%Cl) P

Age (years) 0.986(0.653-1.487) 0.946

Sex 0.822(0.501-1.350) 0.439

Histology 0.533(0.191-1.483) 0.228

T stage 1.164(0.863-1.570) 0.319

N stage 1.843(1.398-2.429) <0.001* 1.588(1.196-2.110) 0.001*
Clinical stage 1.643(1.141-2.367) 0.008*

CAR 1.911(1.266-2.883) 0.002*

EBV DNA level 3.134(2.032-4.836) <0.001*

C-E grade 2.144(1.632-2.816) <0.001* 1.943(1.470-2.567) <0.001*

*P<0.05;, CAR, C-reactive protein/albumin ratio; EBV, Epstein—Barr virus; C-E grade, CAR-EBV DNA grade.

Zhang et al. performed a meta-analysis and found that  and particularly for those who are being considered for active

an elevated systemic immune-inflammation index (SII)
predicts poor survival outcomes and is associated with
clinicopathological features that indicate tumor progression of
breast cancer (33). Forrest et al. found that Glasgow Prognostic
Score (GPS) offers the potential to stratify patients at diagnosis

treatment in operable non-small-cell lung cancer (34). Several
research studies have attested that inflammation takes part in
development, recurrence, and metastasis of cancer.

C-Reactive Protein (CRP) is one of the acute-phase
proteins and is synthesized by the liver (35). As an
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FIGURE 3 | A nomogram predicting the 3- and 5-year overall survival of NPC patients.
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FIGURE 4 | A nomogram predicting the 3- and 5-year distant metastasis-free survival of NPC patients.

inflammatory marker, it has high sensitivity but low
specificity. However, elevated CRP has been verified to
relate with poor prognosis in a broad variety of cancers such
as colorectal cancer, prostate cancer, and breast cancer (36).
Serum albumin (ALB) is the main serum protein that can
reflect the nutritional status of humans (37). Recently, many
studies had found that low ALB can influence the prognosis of
malignancies in different cancers such as hepatocellular
carcinoma (38), colorectal cancer (39), renal cancer (40),
and NPC (41). Based on the CAR value, it was clear that a
high value is a risk factor for tumors. Additionally, its
association with poor prognosis had been confirmed in
diverse tumors (42-47) including NPC (48, 49).

Epstein-Barr virus (EBV) infection is an important etiological
factor in NPC and its copy number is positively correlated with
tumor stage (50). On the basis of studies, EBV DNA is widely used
to screen and monitor disease change (51-53). Several studies have
reported that EBV DNA level can judge the prognosis of NPC (26,
54, 55). In this study, we combined CAR and EBV DNA level as a
novel biomarker to evaluate NPC prognosis. In theory, this marker

could better reflect disease change and predict survival outcome.
Our results showed that our hypothesis was correct, as proved by
multiple statistical analyses.

We believe that C-E grade are extraordinary and
comprehensive prognostic indices of NPC with respect to
individual patient condition and etiology. In clinical application,
C-E grade is easily available before initiation of treatment. As a risk
factor, it could assist the treating clinician with an all-round and
individualized understanding of the disease.

Our study has some limitations. First, selection bias was
inevitable given the retrospective nature of the analysis. Second,
we did not explore the relationship between C-E grade and other
inflammatory indicators such as neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR), which are
reportedly associated with poor prognosis in NPC. Third, we
concentrated on pretreatment C-E grade and did not follow-up
and update the figure. It would be better to conduct a prospective
study. Last, we did not validate our nomogram externally, rather
only internally. Therefore, more research is required for further
validation and improvement of results.
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FIGURE 5 | Nomogram model calibration curves of 3-year (A) and 5-year (B) overall survival, and 3-year (C) and 5-year (D) distant metastasis-free survival in the

In conclusion, we proposed a new C-E grade that can be
easily applied in the clinic and help clinicians to better
understand the disease and formulate a treatment plan. We

have shown that a high C-E grade is usually suggestive of poor
prognosis. C-E grade is an independent, integrated, and
personalized prognostic indicator in NPC patients. Further,

Frontiers in Oncology | www.frontiersin.org

July 2021 | Volume 11 | Article 583283


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Huang et al.

C-E Grade Predicts Survival in NPC

Actual Probability of 3-Year OS
0.7 0.8 0.9

06

THT

T
0.70 0.75 0.80

T
0.85

T
0.90

T
0.95

1.00

Actual Probability of 3—Year DMFS
0.8 0.9 1.0
I

0.7

T

0.70 0.75 0.80

validation cohort.

0.85

0.90

0.95

1.00

Actual Probability of 5-Year OS

Actual Probability of 5-Year DMFS

1.0

09

08

0.7

06

1.0

0.9

08

07

06

T mr— m
B ® =
T T T T T T T
0.70 0.75 0.80 0.85 0.90 0.95 1.00
LAELIN LI
L
T T T T T T T
0.70 0.7 0.80 0.85 0.90 0.95 1.00
.

FIGURE 6 | Nomogram model calibration curves of 3-year (A) and 5-year (B) overall survival, and 3-year (C) and 5-year (D) distant metastasis-free survival in the

Frontiers in Oncology | www.frontiersin.org

July 2021 | Volume 11 | Article 583283


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Huang et al.

C-E Grade Predicts Survival in NPC

the nomogram derived from C-E grade showed satisfactory
predictive capacity.
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