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Objective: This study aimed to establish a prognostic stratified model of chemotherapy-
based comprehensive treatment for patients with locoregional recurrent nasopharyngeal
carcinoma (lrNPC), to help individualized treatment decision-making.

Materials and Methods: This study retrospectively reviewed patients with lrNPC who
received chemotherapy-based comprehensive treatment from January 1, 2010, to
December 31, 2018. A total of 422 eligible patients were divided into test (n = 338) and
validation (n = 84) cohorts. A LASSO cox regression model was used to identify significant
prognostic factors for overall survival (OS) in the test cohort. A nomogram was then
developed based on a combined consideration of clinically meaningful prognostic factors
and statistically significant prognostic factors. The performance of the nomogram was
assessed with Harrell’s concordance index (C-index) and calibration plots.

Results: Five significant factors were identified: age, albumin (ALB), T stage after
recurrent (rT), neutrophil to lymphocyte ratio (NLR), and systematic immune-
inflammation index (SII). The nomogram was established with these five factors. C-
index was 0.636 in the test cohort and 0.610 in the validation cohort. The calibration
curves for the OS rate at 3, and 5 years showed an excellent agreement in both cohorts. In
addition, the corresponding risk classification system successfully classified patients into
low- and high-risk groups and performed well in stratification (P < 0.001).

Conclusions: The nomogram shows well prognostic performance for lrNPC patients
receiving chemotherapy-based comprehensive treatment.

Keywords: recurrent nasopharyngeal carcinoma, prognostic stratification, nomogram, inflammation-nutritional
markers, comprehensive treatment
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) is one of the most common
malignant cancers in the east and southeast Asia and is highly
sensitive to radiation (1, 2). However, about 10%-15% of patients
experience locoregional recurrence after primary treatment (3,
4). For patients with locoregional recurrent nasopharyngeal
carcinoma without distant metastasis (lrNPC), treatment
strategies are mainly divided into three types: surgery, re-
irradiation, and chemotherapy-based comprehensive treatment.
Surgery and re-irradiation are limited due to the initial treatment
and complex structure of the nasopharynx (5, 6), so
chemotherapy-based comprehensive treatment, is a better
choice for lrNPC and confers survival benefits by increasing
the local control rate and eradicating micrometastases (7).

Accurate prognostic stratification is critical for therapeutic
decisions making. Most studies constructed the prognostic
stratification models in lrNPC mainly focused on patients treated
with surgery or re-irradiation after recurrence, there are few studies
on the prognosis prediction of chemotherapy-based comprehensive
treatment (8, 9). In addition, doctors make chemotherapy-based
comprehensive treatment strategy were based on individualized
judgement and patient characteristics, which is short of quantifiable
criteria. Therefore, it is necessary to find good prognostic indicators
and establish a prognostic stratification model for chemotherapy-
based comprehensive treatment.

Inflammation is considered to be cancer-initiating factors and
participate in the entire process of cancer development (10). NPC is
a well-recognized inflammatory cancer, adding inflammatory
factors to the prognostic stratification system can help to
improve the sensitivity of prognostic stratification. Among the
established cancers, there is increasing evidence that cancer-related
inflammation, tumor stage, and clinical condition jointly affect the
prognosis of patients (11). The general nutritional condition of the
patients with recurrence is worse than before, and many patients
are even difficult to receive anti-recurrent treatment due to poor
nutritional condition, so the nutritional indicators are critical for
lrNPC patients. However, most of these markers were evaluated
separately, so we collected as many prognostic biomarkers as
possible, assessed the value of these biomarkers, and chose the
optimal ones to construct a prognostic stratification model, aiming
to refine patient stratification conveniently and efficiently.
MATERIALS AND METHODS

Study Cohort
We retrospectively reviewed a consecutive cohort of 840 patients
with histologically confirmed NPC who recurrent after curative
radiotherapy and had been treated at the Sun Yat-sen University
Cancer Center from January 2010 through December 2018.
Patients who met the following criteria were enrolled in the
study: histologically confirmed lrNPC; had received
chemotherapy-based comprehensive treatment. Patients were
excluded if they were in the following situation: had tumor
metastasis or other malignant tumors; a surgical alone treatment;
a re-irradiation alone treatment; a chemotherapy alone treatment;
Frontiers in Oncology | www.frontiersin.org 2
incomplete information. The study was approved by the
Institutional Review Board of Sun Yat-sen University Cancer
Center (B2021-057-01), and informed consent was waived.

Restaging After Recurrence
Imaging data of patients, including but not limited to, MRI of the
nasopharynx and neck, X-ray or CT of chest, ultrasound or CT of
the abdomen, whole-body bone scan or whole-body PET-CT
were collected at the time of diagnosis of recurrence. MRI images
were independently evaluated by two radiologists, and then
restaging according to the criteria of the eighth edition of the
tumor-node-metastasis (TNM) stage system by two clinicians
specializing in nasopharyngeal carcinoma. Any differences were
resolved by consensus.

Treatment
For patients with lrNPC, there are many options recommended
by NCCN guideline for chemotherapy-based comprehensive
treatment, the choice of chemotherapy regimen was
administered at the physician’s judgment and the patient’s
consent. In the study cohort, chemotherapy regimens had been
collected as follows: docetaxel plus cisplatin plus 5-fluorouracil
(TPF), docetaxel plus cisplatin (TP), gemcitabine plus cisplatin
(GP), and cisplatin plus 5-fluorouracil (PF). 21 days a cycle.
Radiotherapy, molecular-targeted therapy, and immune
checkpoint therapy were permitted in the cohort.

Data Collection
Demographic, clinical, and laboratory data before receiving
chemotherapy were collected. Demographic data included age
at recurrence, sex, and smoke state. Clinical data included TNM
category after recurrence (rTNM), body mass index (BMI), and
over survival (OS). OS was measured from the date of diagnosis
for recurrence to the date of death or last follow-up (December
31, 2020). Laboratory data including white blood cells (WBC),
lymphocyte (LYM), neutrophils (NEU), hemoglobin (HGB),
platelets (PLT), monocytes (MONO), lactate dehydrogenase
(LDH), and albumin (ALB) were collected. And neutrophil to
lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR),
lymphocyte to monocyte ratio (LMR), systemic inflammatory
response index (SIRI), systematic immune-inflammation index
(SII), prognostic nutritional index (PNI), and advanced lung
cancer inflammation index (ALI) had been calculated as follows:

NLR  ¼  neutrophils=lymphocytes;

PLR  ¼  platelets=lymphocytes;

LMR  ¼  lymphocytes = monocyte;

SIRI  ¼  neutrophils �  monocytes=lymphocytes;

SII  ¼  neutrophils �  platelets=lymphocytes;

PNI  ¼  Albumin +5 �  lymphocytes;
June 2022 | Volume 12 | Article 892510
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Statistical Analysis
The whole cohort was randomly divided into test set and
validation set in a proportion of 8:2. Demographic, clinical,
and laboratory data of all patients in the test cohort were
analyzed for association with OS by using LASSO cox
regression. The variables for the selected minimum lambda
chosen by fivefold cross-validation were included in the
multivariable model for building of the nomogram. The
predictive accuracy of the nomogram was assessed by Harrell’s
concordance index (C-index) and calibration plots in both the
test and the validation set. Overall survival rates were calculated
using the Kaplan-Meier method, and the log-rank test was used
to perform comparisons between groups. HRs and 95% CIs were
calculated with an unstratified Cox proportional hazards model.
The cut-off values of LDH, WBC, LYM, NEU, HGB, PLT,
MONO, and ALB were based on our hospital’s test threshold,
which was based on “CLSI Defining, Establishing and Verifying
Reference Ranges in the Clinical Laboratory”, the study of
Ichihara K on derivation of reference intervals (12), and
quality control requirements of our hospital laboratory
equipment. The cut-off value of BMI was from the study of
Krishnan Bhaskaran on 3.6 million adults (13), the cut-off values
of age, NLR, PLR, LMR, SIRI, SII, PNI, and ALI were calculated
for over survival by X-tile (14), the cut-off values of points were
calculated by the median value. Two-tailed P-values < 0.05 were
considered statistically significant. All statistical analyses were
performed using SPSS 25.0 (Chicago, IL, USA) and R
Studio v1.4.1106.
Frontiers in Oncology | www.frontiersin.org 3
RESULTS

Patient Characteristics and Survival
Between Jan 1, 2010, and Dec 31, 2018, a total of 422 patients met
the criterion were identified in the study. The male (n = 328)-to-
female (n = 94) ratio was 3.5:1. The median age was 46.5 years
and most of the patients were non-smokers.

According to TNM stage system, 157 (37.2%) patients were
rT0 to rT2, 135 (32.0%) were rT3, 130 (30.8%) were rT4. For the N
stage, 219 (51.9%) patients had rN negative (rN0), 203 (48.1%)
patients had rN positive (rN1-rN3). All patients received
chemotherapy-based comprehensive treatment, 118 patients
receiving GP, 97 patients receiving PF, 123 patients receiving
TP, 84 patients receiving TPF. All patients received radiotherapy,
118 patients received targeted therapy (69 received Nitozumab,
3 received Apatinib, 12 received Cetuximab, 9 received Avastin, 25
received Endostatin), 8 patients received immunotherapy
(2 received atezolizumab,1 received pembrolizumab, 5 received
toripalimab). This was showed in Table S1. The difference in
survival among the different treatment groups was shown in
Figure S1. 338 patients were assigned to the test set and the
remaining 84 patients were assigned to the validation set. Detailed
clinical characteristics of patients from the test and validation sets
were summarized in Table 1. In the test group, the median follow-
up was 4.21 (95%CI, 3.64-4.78) years, while the median OS was
3.78 (95%CI, 3.18-4.39) years, the 5-year OS rate was 39.9%, a total
of 167 (49.7%) patients died at the end of the follow-up. In the
validation group, the median follow-up was 4.62 (95%CI, 3.07-
TABLE 1 | Baseline characteristics of patients.

Characteristic Patients, No (%)

Total Test set Validation set
(N=422) (N=338) (N=84)

Sex
Male 328 (77.7) 257 (76.0) 71 (84.5)
Female 94 (22.3) 81 (24.0) 13 (15.5)

Age (years)
≤55 341 (80.8) 275 (81.4) 66 (78.6)
>55 81 (19.2) 63 (18.6) 18 (21.4)

Smoker
Yes 327 (77.5) 266 (78.7) 61 (72.6)
No 95 (22.5) 72 (21.3) 23 (27.4)

rT classificationa

rT0-rT2 157 (37.2) 117 (34.6) 40 (47.6)
rT3 135 (32.0) 111 (32.8) 24 (28.6)
rT4 130 (30.8) 110 (32.6) 20 (23.8)

rN classificationa

rN0 219 (51.9) 180 (53.3) 39 (46.4)
rN1-rN3 203 (48.1) 158 (46.7) 45 (53.6)

BMI (Kg/m2)
≤21 147 (34.8) 120 (35.5) 27 (32.1)
>21 275 (65.2) 218 (64.5) 57 (67.9)

ALB (g/L)
≤250 65 (15.4) 51 (15.1) 14 (16.7)
>250 357 (84.6) 287 (84.9) 70 (83.3)

LDH (U/L)

(Continued)
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6.17) years, while the median OS was 3.36 (95%CI, 2.93-3.79)
years, the 5-year OS rate was 27.7%, a total of 47 (56%) patients
died at the end of the follow-up.

Independent Prognostic Factors
Associated With OS
21 variables listed in Table 1 were included in the LASSO cox
regression for their association with OS in the test group
(Figure 1), and it indicated the following prognostic factors:
rT, NLR, and SII were independent risk factors. The coefficients
for these features were calculated and shown in Figure 1A. The
most prognostic covariates were selected by the lambda value
Frontiers in Oncology | www.frontiersin.org 4
within one standard error from the minimum (l.1se) to predict
OS by fivefold cross-validation as presented in Figure 1B.

Construction and Assessment of the
Nomogram Model
In order to better reflect the clinical prognostic value, clinically
meaningful prognostic factors were also included in the
construction. Taking clinical meaningful factor age and ALB
into account, a nomogram with 5 independent prognostic factors
that could predict the 3-, and 5-year OS was developed in the test
cohort (Figure 2), and the predictive ability of this model was
assessed by C-index, which was 0.636 in the test cohort and
TABLE 1 | Continued

Characteristic Patients, No (%)

Total Test set Validation set
(N=422) (N=338) (N=84)

≤250 402 (95.3) 320 (94.7) 82 (97.6)
>250 20 (4.7) 18 (5.3) 2 (2.4)

WBC (109/L)
≤9.5 394 (93.4) 315 (93.2) 79 (94.0)
>9.5 28 (6.6) 23 (6.8) 5 (6.0)

LYM (109/L)
≤1.1 191 (45.3) 151 (44.7) 40 (47.6)
>1.1 231 (54.7) 187 (55.3) 44 (52.4)

NEU (109/L)
≤6.3 378 (89.6) 302 (89.3) 76 (90.5)
>6.3 44 (10.4) 36 (10.7) 8 (9.5)

HGB (109/L)
≤130 146 (34.6) 119 (35.2) 27 (32.1)
>130 276 (65.4) 219 (64.8) 57 (67.9)

PLT (109/L)
≤100 3 (0.7) 3 (0.9) 0 (0.00)
>100 419 (99.3) 335 (99.1) 84 (100.00)

MONO (109/L)
≤0.6 385 (91.2) 306 (90.5) 79 (94.0)
>0.6 37 (8.8) 32 (9.5) 5 (6.0)

PLR
≤307.14 351 (83.2) 281 (83.1) 70 (83.3)
>307.14 71 (16.8) 57 (16.9) 14 (16.7)

LMR
≤2.28 110 (26.1) 89 (26.3) 21 (25.0)
>2.28 312 (73.9) 249 (73.7) 63 (75.0)

NLR
≤2.75 144 (34.1) 116 (34.3) 28 (33.3)
>2.75 278 (65.9) 222 (65.7) 56 (66.7)

SIRI
≤1.96 320 (75.8) 253 (74.9) 67 (79.8)
>1.96 102 (24.2) 85 (25.1) 17 (20.2)

SII
≤578.85 140 (33.2) 112 (33.1) 28 (33.3)
>578.85 282 (66.8) 226 (66.9) 56 (66.7)

PNI
≤50.45 219 (51.9) 177 (52.4) 42 (50.0)
>50.45 203 (48.1) 161 (47.6) 42 (50.0)

ALI
≤341.57 265 (62.8) 214 (63.3) 51 (60.7)
>341.57 157 (37.2) 124 (36.7) 33 (39.3)
June 2022 | Volume 12 |
aAccording to the 8th edition of the AJCC/UICC stage system. rT0–rT2 and rN1-rN3 were grouped together due to the small number of patients with those stage.
BMI, body mass index; ALB, albumin; LDH, lactate dehydrogenase; WBC, white blood cells; LYM, lymphocyte; NEU, neutrophils; HGB, hemoglobin; PLT, platelets; MONO, monocytes;
PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio. NLR, neutrophil to lymphocyte ratio; SIRI, systemic inflammatory response index; SII, systematic immune-
inflammation index; PNI, prognostic nutritional index, ALI, advanced lung cancer inflammation index.
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0.610in the validation cohort. The calibration plots adjusted by
bootstrapping with 1,000 samples were used to evaluate the
performance of the nomogram graphically (Figure 3). The
calibration curves for the OS rate at 3, and 5 years in the test
cohort and the validation cohort overlapped well with reference
lines demonstrating excellent performance of the nomogram.

Prognostic Risk Stratification
By using the nomogram established, the detailed score of the
422patients was calculated. The median score was 52.05 and the
difference between each patient’s score and the median was
shown in Figure 4A. Using the median score as the cutoff
value, all patients were divided into high-risk groups and low-
risk groups. Patients in high-risk group (≥ 52.05) had worse
overall survival in comparison with the patients in low-risk
Frontiers in Oncology | www.frontiersin.org 5
group (< 52.05), (P < 0.001, HR: 0.55,95% CI: 0.41-
0.72, Figure 4B).
DISCUSSION

In this study, we established a prognostic stratified model for lrNPC
to help oncologists make treatment decisions. By applying this
model, high-risk patients could increase the treatment intensity, and
low-risk patients could reduce the treatment intensity, effectively
avoiding over-treatment and under-treatment.

Currently, therapeutic decisions making and prognostic
stratification for NPC are based on TNM stage system, and
patients are stratified according to the anatomical region. Instead
of full consideration of the biological heterogeneity of
A

B

FIGURE 1 | Predictor variables selection using the least absolute shrinkage and selection operator (LASSO) binary cox regression model. (A) LASSO coefficient
profiles of the 21 predictor variables. (B) Tuning parameter l selection in the LASSO model used fivefold cross-validation. Dotted vertical lines were drawn at the
optimal values by using the minimum criteria (l.min) and the 1 standard error of the minimum criteria (the 1-SE criteria, l.1se). l.1se value of 0.142 was chosen and
screened out three optimal predictors. The figures were created using R Studio software v1.4.1106.
June 2022 | Volume 12 | Article 892510
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FIGURE 2 | Nomogram to predict 3- and 5-year OS rates of lnNPC patients. rT, T stage after recurrence; NLR, neutrophil to lymphocyte ratio; SII, systematic
immune-inflammation index; ALB, albumin.
A B

C D

FIGURE 3 | The calibration curve of nomogram for predicting OS. (A) three years in the test group (B) five years in the test group (C) three years in the validation group
(D) five years in the validation group. Nomogram-predicted OS is plotted on the x-axis; actual OS is plotted on the y-axis.
Frontiers in Oncology | www.frontiersin.org June 2022 | Volume 12 | Article 8925106
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cancer (15), this is often insufficient for prognostic stratification
and individualized treatment. In addition, the stage system of
recurrence uses the TNM stage, which is the same system for
initial diagnosed NPC, and this would decrease the accuracy of
the prognostic stratification (16, 17).For recurrent patients,
accurate prognostic stratification and individualized treatment
are very important (18, 19). The structure of the nasopharynx
has changed after primary treatment, as well as the receptivity to
anti-recurrence treatment. This increased the difficulty for
clinicians to choose effective treatment measures, and clinicians
need to consider the efficacy as well as side effects more carefully.
In our study, prognostic factors were identified based on analysis
of patients with lrNPC, and individual prognostic risk scores
were calculated for risk stratification. The prediction of OS in
low-risk group patients was significantly better than that in high-
risk group patients, suggesting that our model performed well in
prognostic stratification of patients with lrNPC.

Cancer biology is constantly shifting from a “cancer cell-
centric” view to a broader concept that places inflammation as a
cancer biomarker, the key role of inflammation in carcinogenic
Frontiers in Oncology | www.frontiersin.org 7
process has attracted attention (20), and inflammation is a
recognized hallmark of cancer, which greatly promotes the
development of cancer (21). Inflammation can affect both the
treatment response and prognosis in caners (22–25), and this
had been confirmed in many clinical studies of different cancer
types (26–32).The study of Leggas M in patients with non-small
cell lung cancer proved that intensive anti-inflammatory therapy
can improve the efficacy of chemotherapy drugs, reduce blood
toxicity, and change the pharmacokinetics of drugs (33). In the
past few years, a number of systemic inflammation markers have
been used as prognostic predictors, and there are also a lot of
studies that have confirmed the value of these indicators in
predicting the prognosis of different solid tumors (34–37).
Considering the accessibility, ease of use, and economic cost of
these markers, 15 common blood-related markers were selected
in our study, and through further screening, 2 blood-related
prognostic factors were selected to construct the nomogram.

ALB was also added as a prognostic factor in constructing the
nomogram in our study. According to the latest studies, ALB is
strongly associated with all-cause mortality, including cancer,
cardiovascular diseases, and respiratory diseases, and lower ALB
is associated with an increased risk of death (38–42). This is
further confirmed in all cancer types, The studies in cervical
carcinoma and vulvar squamous cell carcinoma had proved the
value of nutritional indicators as independent risk factors (31,
43). And ALB reduction has been independently shown to be
closely related to precachexia/cachexia body composition, which
indicated a worse prognosis and higher mortality (44–46). The
results of our study were therefore consistent with previous
research conclusions.

This study has several advantages. Firstly, most of the current
studies only focus on partial inflammation markers, in our study,
we had conducted a systematic and comprehensive analysis of all
markers which have been proven to have predictive value in
various studies, and screened out the factors combined with the
highest predictive power to help clinical decision-making.
Secondly, for the risk stratification of patients with recurrence,
You R and his colleague established a special stratification system
for operable patients (9). For inoperable patients, chemotherapy-
based comprehensive treatment is the main treatment option but
is short of specialized stratification systems. To the best of our
knowledge, this study collected the largest number of patients
who have been treated with chemotherapy-based comprehensive
treatment after recurrence. Additionally, the markers selected in
this study can be obtained from routine clinical examinations,
which do not increase the economic burden on patients. At the
same time, these markers have high accessibility and universality,
and can be routinely available in any hospital.

Besides these strengths, this study has some limitations:
firstly, as a retrospective study, we could not collect all
information, such as Epstein-Barr Virus DNA or C-reactive
protein (47, 48), whether there is a better factor combination
in predicting OS remains to be ascertained. Secondly, all the data
came from our institution, so sample bias may exist. However, it
should not influence the results, as the cohort consisted of large
sample size and all eligible patients were consecutively enrolled.
A

B

FIGURE 4 | Risk stratification of lrNPC patients. The calculated risk scores
for each patient in the whole cohort (A). Kaplan-Meier survival curves of OS in
the whole cohort (B) OS, over survival; HR, Hazard Ratio.
June 2022 | Volume 12 | Article 892510
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CONCLUSIONS

In conclusion, we established a prognostic stratification model for
lrNPC patients who received chemotherapy-based comprehensive
treatment, and we hope that our work can help clinicians develop
individualized and accurate treatment strategies.
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Supplementary Figure 1 | Over survival in different treatment groups. (A) Difference
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Difference in survival among populations with different chemotherapy regimens GP vs.
TP, p=0.436; GP vs. TPF, p=0.905; GP vs. PF, p=0.331 (C) Difference in survival
among populations with different targeted therapy conditions. received targeted
therapy vs. without received targeted therapy, p=0.230; (D) Difference in survival
among populations with different immunotherapy conditions. received immunotherapy
vs. without received immunotherapy, p=0.196; 2-tailed a risk is 0.05.

Supplementary Table 1 | Treatment of Patients. GP,gemcitabine plus cisplatin;
PF, cisplatin plus 5-fluorouracil; TP, docetaxel plus cisplatin; TPF, docetaxel plus
cisplatin plus 5-fluorouracil.
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et al. Prediction of Chemotoxicity, Unplanned Hospitalizations and Early
Death in Older Patients With Colorectal Cancer TreatedWith Chemotherapy.
Cancers (2021) 14(1):127. doi: 10.3390/cancers14010127

43. Micheletti L, Borella F, Preti M, Frau V, Cosma S, Privitera S, et al. Perineural
Invasion in Vulvar Squamous-Cell Carcinoma Is an Independent Risk Factor
for Cancer-Specific Survival, But Not for Locoregional Recurrence: Results
From a Single Tertiary Referral Center. Cancers (2021) 14(1):124.
doi: 10.3390/cancers14010124

44. Orell-Kotikangas H, Österlund P, Mäkitie O, Saarilahti K, Ravasco P, Schwab
U, et al. Cachexia at Diagnosis is Associated With Poor Survival in Head and
Neck Cancer Patients. Acta Oto-laryngologica (2017) 137(7):778–85.
doi: 10.1080/00016489.2016.1277263

45. Sadeghi M, Keshavarz-Fathi M, Baracos V, Arends J, Mahmoudi M, Rezaei N.
Cancer Cachexia: Diagnosis, Assessment, and Treatment. Crit Rev Oncology/
hematol (2018) 127:91–104. doi: 10.1016/j.critrevonc.2018.05.006

46. Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger RL, et al.
Definition and Classification of Cancer Cachexia: An International
Consensus. Lancet Oncol (2011) 12(5):489–95. doi: 10.1016/s1470-2045(10)
70218-7

47. Xia WX, Ye YF, Lu X, Wang L, Ke LR, Zhang HB, et al. The Impact of Baseline
Serum C-Reactive Protein and C-Reactive Protein Kinetics on the Prognosis of
Metastatic Nasopharyngeal Carcinoma Patients Treated With Palliative
Chemotherapy. PloS One (2013) 8(10):e76958. doi: 10.1371/journal.pone.0076958

48. Wong KCW, Hui EP, Lo KW, Lam WKJ, Johnson D, Li L, et al.
Nasopharyngeal Carcinoma: An Evolving Paradigm. Nat Rev Clin Oncol
(2021) 18(11):679–95. doi: 10.1038/s41571-021-00524-x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wei, Wang, Li, Wang, Liu, Huang, Wang, Tao and Xia. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
June 2022 | Volume 12 | Article 892510

https://doi.org/10.1016/j.ejca.2012.06.016
https://doi.org/10.7150/jca.39588
https://doi.org/10.1002/hed.25545
https://doi.org/10.1038/s41575-021-00568-5
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.immuni.2019.03.009
https://doi.org/10.1038/s41586-019-1032-7
https://doi.org/10.1016/j.cell.2017.08.012
https://doi.org/10.1038/nature06309
https://doi.org/10.1016/j.ejca.2012.11.032
https://doi.org/10.1002/ijc.28677
https://doi.org/10.1097/md.0000000000003837
https://doi.org/10.1007/s00432-017-2506-3
https://doi.org/10.1007/s11605-019-04187-z
https://doi.org/10.3389/fonc.2020.591700
https://doi.org/10.3390/cancers13236073
https://doi.org/10.3390/cancers13236073
https://doi.org/10.1007/s00280-008-0767-x
https://doi.org/10.14639/0392-100x-n1515
https://doi.org/10.3389/fonc.2021.707041
https://doi.org/10.7150/jca.63370
https://doi.org/10.1016/j.pan.2014.12.004
https://doi.org/10.1213/ane.0000000000005841
https://doi.org/10.1038/s41598-021-04128-4
https://doi.org/10.3390/nu14010144
https://doi.org/10.6004/jnccn.2021.7046
https://doi.org/10.6004/jnccn.2021.7046
https://doi.org/10.3390/cancers14010127
https://doi.org/10.3390/cancers14010124
https://doi.org/10.1080/00016489.2016.1277263
https://doi.org/10.1016/j.critrevonc.2018.05.006
https://doi.org/10.1016/s1470-2045(10)70218-7
https://doi.org/10.1016/s1470-2045(10)70218-7
https://doi.org/10.1371/journal.pone.0076958
https://doi.org/10.1038/s41571-021-00524-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A Nomogram to Predict Survival in Patients With Locoregional Recurrent Nasopharyngeal Carcinoma Receiving Comprehensive Treatment
	Introduction
	Materials and Methods
	Study Cohort
	Restaging After Recurrence
	Treatment
	Data Collection
	Statistical Analysis

	Results
	Patient Characteristics and Survival
	Independent Prognostic Factors Associated With OS
	Construction and Assessment of the Nomogram Model
	Prognostic Risk Stratification

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


