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Purpose: We aimed to select optimal candidates benefiting from the addition of induction chemotherapy (IC) to concurrent
chemoradiotherapy (CCRT) in advanced N-stage nasopharyngeal carcinoma (NPC).

Patients and Methods: A total of 624 NPC patients with N2-3 stage received CCRT with or without IC were retrospectively
reviewed. We constructed a nomogram for predicting overall survival (OS) based on the result of the multivariate analysis in the
training cohort (n = 468) and then tested it on the validation cohort (n = 156). Harrell’s concordance indices (C-index) and time-
independent receiver operating characteristic (tdROC) analysis were applied to evaluate the discriminatory ability of the nomogram
and compare it with TNM staging. IC plus CCRT was compared with CCRT in the whole cohort and two risk groups based on the
nomogram with balanced baseline characteristics. In addition, acute toxicities were compared between different treatment groups.
Results: The nomogram showed good prognostic accuracy with a C-index of 0.716 (95% CI 0.669-0.763) in the validation cohort.
The 5-year OS of low and high-risk groups stratified by the nomogram were significantly different. IC+CCRT was significantly
associated with superior OS as compared with CCRT (75.4 vs 52.6%, p = 0.009) in the high-risk group. However, no significant
difference between IC plus CCRT and CCRT was observed (p = 0.843) in the low-risk group. IC plus CCRT was associated with more
grade 14 acute toxicities.

Conclusion: Our study can help clinicians select NPC patients with advanced N stage who benefit from IC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a special kind of head and neck cancer that has the highest incidence in South Asia.'
Despite advances in radiotherapy technique and chemotherapy strategies have greatly improved the survival prognosis of
NPC, treatment outcomes of locoregionally advanced NPC (LANPC) remain unsatisfactory, with approximately 30% of
patients suffering treatment failure and 5-year overall survival (OS) of 67-77%.>* Unfortunately, over 70% of cases
present with LANPC at initial diagnosis.”® Management of these patients remains a challenge for clinicians.

During the past decade, the application of induction chemotherapy (IC) before radical radiotherapy has been widely
proven a feasible neoadjuvant treatment as it could improve survival in LANPC.”'® However, additional IC is also
accompanied by more toxicity'® and increases the economic burden. Also, it should be noted that not all patients with
LANPC could benefit from the use of IC."""'® Thus, it is essential to identify the optimal candidates for IC to improve the
management of LANPC. According to the American Joint Commission on Cancer (AJCC) classification, patients with NPC
are classified as NO-N3.'* Recent evidence'® has suggested that over 75% of treatment failure is concentrated in the advanced
N-stage (N2-N3). Namely, advanced N-stage NPC might be used as an indication of IC selection. Furthermore, previous

studies have found that the use of IC might be more effective in improving OS for NPC patients with advanced N disease.'®!’
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The tumor, node, metastasis (TNM) staging system is recognized to be the internationally staging standard for
evaluating the prognosis and guiding treatment of cancer patients. However, this system may not be clinically satisfactory
since patients with similar TNM stages have been shown to have varying efficiency to the same treatment. Hence, it
remains unclear whether all NPC patients with the N2-3 stage would benefit from the addition of IC to CCRT. In addition
to common serum biomarkers such as Epstein-Barr virus DNA (EBV DNA), neutrophil-to-lymphocyte ratio (NLR),
lymphocyte-to-monocyte ratio (LMR), etc., and some magnetic resonance imaging (MRI) features of the primary tumor
(PT) and regional lymph nodes (LNs) also attracted the attention of scholars in recent years, and have been proved by
some studies to have prognostic significance for NPC patients.'® °

Nomograms can be used to incorporate various risk factors to create a simple graphical model that predicts the
prognoses of patients. Recently, nomograms function as new reliable tools in predicting prognosis in guiding treatments
in carcinomas.''*'"** Therefore, we conducted this study to establish a comprehensive model to guide risk stratification

and further identify optimal candidates for IC in advanced N-stage NPC.

Materials and Methods

Study Population

This study included 624 LANPC patients treated at Guangxi Medical University Cancer Hospital from January 2014 to
December 2018 who met the following inclusion criteria: (1) stage III-IVA NPC with N2-3 disease based on the AJCC
staging system (8th edition); (2) treated by CCRT with or without IC; (3) available pretreatment MRI information; (4) no
history of malignancies or synchronous cancer; (5) complete clinical and treatment information. This study was approved
by the Institutional Review Board of Guangxi Medical University Cancer Hospital and conformed to the Declaration of
Helsinki. Informed consent was not obtained given the retrospective nature of the study.

Imaging Protocol

Before treatment, all patients received MRI scanning from the suprasellar cistern to the inferior margin of the sternoclavicular
joint with a 1.5- system. All images were assessed by two clinicians who specialized in head and neck cancers separately. We
collected some common information of PT and metastatic LNs acquired via MRI that could not be reflected in the 8th AJCC
TNM staging system, including necrosis, extranodal extension (ENE), nodal grouping (NG), and retropharyngeal LN (RLN)
laterality. Previous studies have confirmed the prognostic potential of these factors.'®2° Detailed MRI sequences and
definitions of MRI based-information of PT and metastatic LNs were presented in the Supplementary Material.

Treatment

All patients received platinum-based chemotherapy with an interval of 21 days. The common IC regimens include
docetaxel-cisplatin-5-fluorouracil (TPF), docetaxel-cisplatin (TP), cisplatin-5-fluorouracil (PF), and gemcitabine-cisplatin
(GP). Concurrent chemotherapy consisted of cisplatin (80 or 100 mg/m?) for 2-3 cycles during radiotherapy. The
radiotherapy technique was intensity-modulated radiotherapy (IMRT). Detailed information on the method of treatment
was available in Supplementary Materials. The treatment-elated acute toxicities were graded based on the Common
Terminology Standard for Adverse Events (CTCAE version 4.0).

Follow-Up and Study Endpoints

Follow-up was conducted every 3 months in the first 2 years after radiotherapy, every 6 months in the third year, and
once a year thereafter. The primary endpoint was OS (time from diagnosis to death from any cause). The second
endpoints were distant metastasis-free survival (DMFS, time from diagnosis to first distant metastasis), locoregional
relapse-free survival (LRRFS, time from diagnosis to first local or regional recurrent or both), and disease-free survival

(DFS, time from diagnosis to disease progression or death from any cause).
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Statistical Analysis

All continuous variables were converted to categorical variables based on the cut-off values by ROC curves. We
compared the baseline characteristics and toxicities in different treatment groups with the X test or Fisher’s exact
test. To balance baseline characteristics between the groups, the propensity score matching (PSM) method without
replacement was conducted using the nearest-neighbor method with a stringent caliper of 0.05. The survival rates were
calculated by the Kaplan—-Meier method and compared using the Log rank tests. The random number generators function
of SPSS soft was used to classify patients into a training cohort and validation cohort. Variables with p < 0.1 in the
univariable Cox regression analysis were included in the multivariable analyses. Multivariable analyses in the training
cohort were used to select the independent prognosis factors. A nomogram based on the Cox regression model was
developed to predict the 1-, 3- and 5-year OS in the training cohort. The C-index was calculated to estimate the predictive
accuracy and discriminative ability of the nomogram. Calibration curves were generated to assess the performance of the
nomogram along with bootstrap validation. To evaluate the reproducibility of our model’s prognostic performance, we
repeated the randomized assignment of training/test sets 10 times. We compared the area under the time-dependent ROC
curve (tdAUC) of the nomogram and the 8th TNM staging in the prediction of 3-year and 5-year OS.

We calculated the risk scores for all patients with the aim of categorizing patients into different groups (low and high
risk) according to the nomogram. We tried to find patients that would benefit most from additional IC by performing
individual comparisons of IC plus CCRT versus CCRT alone for each risk group. The PSM method was used to reduce
the effect of potential confounders.

All these statistical analyses were performed with IBM SPSS Statistics 23.0 (IBM Co., Armonk, NY) or R 3.6.3 (R
project, http://www.R-project.org/). A difference with a two-sided p-value < 0.05 was considered to be statistically

significant.

Results

Patient Characteristics
From 2014 to 2018, 624 LANPC patients with N2-3 stage were enrolled in the present study. The clinical characteristics
grouped by treatment strategy are shown in Table 1. In the original cohort, 408 patients were applied IC+ CCRT and 216
cases applied CCRT alone. Compared with the CCRT group, patients with age < 50 (57.4 vs 70.1%, p = 0.002) or with
advanced disease (T4, N3, and stage IVA disease; all p < 0.001) were significantly more likely to receive IC+CCRT. Yet,
the PSM method balanced all the baseline characteristics between the two groups. A total of 178 pairs were identified for
the matched analysis.

The median follow-up duration was 49.0 months (range, 2.3—101 months) for the whole cohort. Totally, 133 patients
(21.3%) died, 112 (17.9%) suffered distant metastasis, and 33 (5.3%) suffered locoregional relapse. The 5-year OS,
LRRFS, DMFS, and DFS were 76.9%, 93.2%, 79.1%, and 68.6%, respectively.

Survival Outcomes

Briefly, before matching, all survival outcomes were similar between the two treatment groups (all p > 0.1,
Supplementary Figure S1A-D). In terms of the matched cohort, the addition of IC had a favorable effect on 5-year
OS rate (80.0% vs 73.5%, p = 0.042; Figure 1A) compared with CCRT alone, but not for 5-year LRRFS (91.5% vs
94.9%, p = 0.335; Figure 1B), DMFS (84.5% vs 80.8%, p = 0.572; Figure 1C), and DFS (74.5% vs 69.4%, p = 0.319;
Figure 1D). The multivariable analysis in the matched data set also indicated that IC+CCRT was an independent
prognostic factor of OS (IC+CCRT vs CCRT: HR 0.599, 95% CI 0.374-0.960, p = 0.033, Supplementary Table 1).

Establishment and Validation of a Nomogram Model for Overall Survival
We used computer-generated random numbers to classify patients into a training cohort (n = 468) and a validation cohort
(n = 156, Supplementary Table 2). We included all clinicopathologic factors in the univariable analysis (Table 2) for OS.

At last, when the multivariate Cox proportional hazard model was performed, five factors (age, N stage, EBV DNA,
LMR, RLN necrosis, and CLN_ necrosis) significantly influenced OS (all p < 0.05; Table 2).
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Table | Baseline Characteristics of Patients Before and After Matching

Characteristics

Before Matching

After Matching

CCRT (n=216) | IC+CCRT (n = 408) p-value CCRT (n=178) | IC+CCRT (n = 178) p-value

Age (years) 0.002 0.745
<50 124 (57.4) 286 (70.1) 105 (59.0) 109 (61.2)
> 50 92 (42.6) 122 (29.9) 73 (41.0) 69 (38.8)

Sex 1.000 0.722
Female 58 (26.9) 109 (26.7) 47 (26.4) 51 (28.7)
Male 158 (73.1) 299 (73.3) 131 (73.6) 127 (71.3)

Pathological type 0.010 0.728
WHO type I/l 29 (13.4) 28 (6.9) 20 (11.2) 17 (9.6)
WHO type Il 187 (86.6) 380 (93.1) 158 (88.8) 161 (90.4)

T stage < 0.001 0.612
T 94 (43.5) 148 (36.3) 73 (41.0) 68 (38.2)
T3 93 (43.1) 146 (35.8) 77 (433) 75 (42.1)
T4 29 (13.4) 114 (27.9) 28 (15.7) 35 (19.7)

N stage < 0.001 0.708
N2 172 (79.6) 222 (54.4) 134 (75.3) 138 (77.5)
N3 44 (20.4) 186 (45.6) 44 (24.7) 40 (22.5)

Clinical stage < 0.001 1.000
I 150 (69.4) 145 (35.5) 113 (63.5) 113 (63.5)
IVA 66 (30.6) 263 (64.5) 65 (36.5) 65 (36.5)

BMI (Kg/m?) 0.680 1.000
<185 22 (10.2) 36 (8.8) 17 (9.6) 18 (10.1)
> 185 194 (89.8) 372 91.2) 161 (90.4) 160 (89.9)

Smoke 0.433 0.560
Yes 62 (28.7) 158 (38.7) 55 (30.9) 49 (27.5)
No 154 (71.3) 250 (61.3) 123 (69.1) 129 (72.5)

EBV DNA (copies/mL) 0.426 1.000
< 6000 151 (69.9) 271 (66.4) 121 (68.0) 121 (68.0)
> 6000 65 (30.1) 137 (33.6) 57 (32.0) 57 (32.0)

NLR 0.012 1.000
<260 151 (69.9) 242 (59.3) 118 (66.3) 117 (65.7)
> 2.60 65 (30.1) 166 (40.7) 60 (33.7) 61 (34.3)

PLR 0.407 0915
< 1525 10 (55.6) 211 (51.7) 100 (55.6) 98 (55.1)
> 152.5 96 (44.4) 197 (48.3) 78 (44.4) 80 (44.9)

(Continued)
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Table | (Continued).

Characteristics Before Matching After Matching
CCRT (n = 216) IC+CCRT (n = 408) p-value CCRT (n = 178) IC+CCRT (n = 178) p-value
LMR 0.038 0.832
<3.80 99 (45.8) 224 (54.9) 84 (47.2) 87 (48.9)
> 3.80 117 (54.2) 184 (45.1) 94 (52.8) 91 (51.1)
ALB (g/L) 0.246 0.429
<385 65 (30.1) 143 (35.0) 54 (30.3) 62 (34.8)
> 385 151 (69.9) 265 (65.0) 124 (69.7) 116 (65.2)
ALP (U/L) < 0.001 1.000
<51 46 (21.3) 43 (10.5) 29 (16.3) 29 (16.3)
> 51 170 (78.7) 365 (89.5) 149 (83.7) 149 (83.7)
LDH (U/L) 0.068 0911
<195 145 (67.1) 242 (59.3) 117 (65.7) 115 (64.6)
> 195 71 (32.9) 166 (40.7) 61 (34.3) 63 (35.4)

PT_ necrosis

No 205 (94.9) 376 (92.2) 0.261 168 (94.4) 164 (92.1) 0.526
Yes I (5.1 32 (7.8) 10 (5.6) 14 (7.9)

RLN_laterality 0.995 0.846
None 60 (27.8) 112 (27.5) 50 (28.1) 54 (30.3)
Unilateral 9l (42.1) 172 (42.2) 76 (42.7) 71 (39.9)
Bilateral 65 (30.1) 124 (30.4) 52 (29.2) 53 (29.8)

RLN_ necrosis 0.179 0.370
No 177 (81.9) 314 (77.0) 143 (80.3) 135 (75.8)
Yes 39 (18.1) 94 (23.0) 35 (19.7) 43 (24.2)

CLN_ necrosis 0.016 0.492
No 154 (31.3) 250 (61.3) 126 (70.8) 119 (66.9)
Yes 62 (28.7) 158 (38.7) 52 (29.2) 59 (33.1)

CLN_ ENE 0.196 0.303
No 47 (21.8) 70 (17.2) 34 (19.1) 43 (24.2)
Yes 169 (78.2) 338 (82.8) 144 (80.9) 135 (75.8)

NG < 0.001 0.133

No 180 (83.3) 257 (63.0) 143 (80.3) 178 (63.0)

Yes 36 (16.7) 151 (37.0) 35 (19.7) 48 (27.0)

Notes: Data are shown as numbers (percentage). P-values were calculated by the Chi-square test or Fisher’s exact test.

Abbreviations: IC, induction chemotherapy; CCRT, concurrent chemoradiotherapy; WHO, World Health Organization; EBV DNA, Epstein—Barr virus DNA; NLR,
neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; ALB, albumin; ALP, alkaline phosphatase; LDH, lactate
dehydrogenase; PT, primary tumor; RLN, retropharyngeal lymph node; CLN, cervical lymph node; ENE, extranodal extension; NG, nodal grouping.
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Figure | Kaplan-Meier survival curves of OS (A), LRRFS (B), DMFS (C), and DFS (D) of patients between IC+CCRT and CCRT alone in the matched data set.
Abbreviations: IC, induction chemotherapy; CCRT, concurrent chemoradiotherapy; OS, overall survival; LRRFS, locoregional relapse-free survival; DMFS, distant
metastasis-free survival; DFS, disease-free survival.

The nomogram was developed according to the results of multivariate analysis for OS in the training cohort
(Figure 2A). Although the T stage had a non-significant p-value of 0.082 for OS, we still regarded it as an important
variable for clinical decision and put it into the establishment of the final nomogram. By adding the scores for each factor
and determining the total score on the score table, each patient’s probability of death from any cause at 1, 3, and 5 years
could be predicted. The C-indexes for the nomogram were 0.700 (95% CI 0.676-0.724) and 0.716 (95% CI 0.669-0.763)
in the training and validation cohorts. The calibration curves demonstrated that the nomogram showed acceptable
agreement between the nomogram-predicted and observed values for 1-, 3- and 5-year OS in the two cohorts
(Figure 2B and C). We randomly split the training cohort into paired training (75%) and validation (25%) sets 10
times to evaluate our predictive model repeatedly, generating a median AUC of 0.713 (IQR, 0.652—-0.746). Furthermore,
we compared the predictive ability of the nomogram and 8th TNM staging through tdROC analysis and found that the
nomogram had higher AUC values than the TNM staging (Figure 3).
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Table 2 Identification of Risk Factors of OS by Univariate and Multivariate Cox Models

Characteristics Univariate Cox Regression p-value Multivariate Cox Regression p-value
HR (95% CI) HR (95% CI)

Gender (Male vs Female) 1.128 (0.761-1.673) 0.548

Age (> 50 vs < 50) 1.744 (1.241-2.453) 0.001 1.938 (1.371-2.738) < 0.001
Pathological type (WHO Il vs WHO I/Il) 1.247 (0.673-2.313) 0.483

T stage (T3/4 vs T2) 1.440 (1.001-2.071) 0.049 1.385 (0.960-2.000) 0.082
N stage (N3 vs N2) 1.931 (1.374-2.715) < 0.001 1.876 (1.328-2.652) < 0.001
Clinical stage (IVA vs IIl) 2461 (1.693-3.576) < 0.001

BMI (= 18.5 vs < 18.5) 0.739 (0.438-1.247) 0.257

Smoke (Yes vs No) 1.237 (0.867-1.765) 0.242

EBV DNA (> 6000 vs < 6000) 1.944 (1.381-2.737) < 0.001 1.797 (1.271-2.541) 0.001
ALB (> 385 vs < 385) 0.595 (0.420-0.843) 0.012 0.804 (0.561-1.153) 0.235
NLR (>2.60 vs <2.60) 1.522 (1.081-2.143) 0.016 0.949 (0.615-1.465) 0.814
PLR (> 152.5 vs <152.5) 1.636 (1.159-2.309) 0.005 1.303 (0.900-1.887) 0.160
LMR (> 3.80 vs < 3.80) 0.530 (0.372-0.755) < 0.001 0.523 (0.365-0.749) < 0.001
ALP (> 51 vs £ 51) 1.411 (0.836-2.382) 0.197

LDH (> 195 vs < 195) 1.596 (1.087-2.344) 0.017 1.282 (0.901-1.824) 0.167
PT_ necrosis (Yes vs No) I.161 (0.626-2.152) 0.635

RLN_laterality (Unilateral vs None) 0.826 (0.551-1.238) 0.353

RLN_laterality (Bilateral vs None) 0.830 (0.535-1.288) 0.406

RLN_ necrosis (Yes vs No) 1.858 (1.292-2.672) 0.001 1.484 (1.001-2.201) 0.049
CLN_ necrosis (Yes vs No) 1.777 (1.264-2.497) 0.001 1.452 (1.004-2.098) 0.047
CLN_ ENE (Yes vs No) 1.630 (0.992-2.697) 0.054 1.118 (0.650-1.923) 0.687
NG (Yes vs No) 1.687 (1.193-2.385) 0.003 1.179 (0.804-1.730) 0.399

Abbreviations: IC, induction chemotherapy; CCRT, concurrent chemoradiotherapy; WHO, World Health Organization; EBV DNA, Epstein—Barr virus DNA; NLR,
neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; ALB, albumin; ALP alkaline phosphatase; LDH, lactate
dehydrogenase; PT, primary tumor; RLN, retropharyngeal lymph node; CLN, cervical lymph node; ENE, extranodal extension; NG, nodal grouping.

Risk Stratification

All patients’ risk scores were calculated based on the nomogram. The patients were divided into high- and low-risk
groups by the optimal cutoff value of 23 determined by the ROC curve. Consequently, 137 (29.3%) in the training cohort
and 60 (38.5%) in the validation cohort with scores > 23 were classified as a high-risk group, and 331 (70.7%) and 96
(61.5%) in the training and validation sets with scores < 23 as a low-risk group. For low-risk vs high-risk group, the
S-year OS rate was 80.7% vs 64.5% (p < 0.001) in training cohort. Similarly, patients with high risk also achieved worse
DMFS (81.3% vs 70.3%; p = 0.007) and DFS (71.9% vs 55.2%; p = 0.001). In the validation cohort, the 5-year OS
(90.0% vs 69.2%; p = 0.004) and PFS (82.3% vs 63.6%; p = 0.017) of patients with high and low risk were also
significantly different. The survival curves were shown in Supplementary Figure S2A-H.
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Figure 2 (A) Nomogram for predicting OS; Calibration curves of the nomogram in the training (B) and validation (C) cohorts.
Abbreviations: OS, overall survival; EBV DNA, Epstein—Barr virus DNA; LMR, lymphocyte to monocyte ratio; RLN, retropharyngeal lymph node; CLN, cervical lymph
node.

The Efficacy of Induction Chemotherapy in Risk-Based Subgroups

For the whole cohort, the use of IC achieved significant improvements in OS. Considering that patients in different risk
subgroups had different survival prognoses, we explored the value of IC for low- and high-risk patients and interestingly
found that it differed between the two subgroups. The baseline characteristics of the patients receiving IC+CCRT and
patients receiving CCRT alone were unbalanced in the two risk subgroups, including more advanced tumor stage in the IC
+CCRT groups and older patients in the CCRT group. Through 1-to-1 PSM, 47 and 128 pairs of patients with balanced basic
characteristics were selected to compare the efficiency of IC + CCRT and CCRT alone in the high- and low-risk subgroups.
Detailed characteristics of the unmatched/well-matched risk subgroups are listed in Supplementary Tables S3 and S4. After
matching, in the high-risk group, IC+CCRT group achieved better 5-year OS and DFS than did CCRT group (OS: 75.4 vs
52.6%, P=0.009; DFS: 69.1 vs 44.8%, p = 0.022), but had similar 5-year LRFS and DMFS (Figure 4). However, in the low-
risk subgroup, non-significant differences were observed in OS (p = 0.843), LRRFS (p = 0.524), DMFS (p = 0.687), and
DEFS (p = 0.386) between the two treatment groups (Supplementary Figure S3A-D).

Acute Toxicity

We evaluated acute toxicity between IC+CCRT and CCRT groups during the whole treatment period in the PSM cohort,
details of the information were showed in Table 3. The patients in the IC+CCRT group had higher incidences of grade 14
hematologic toxicities, hepatotoxicity, and gastrointestinal reaction, as compared to those in the CCRT group. Moreover, more
patients in the IC+CCRT group suffered from Grade 3—4 leucopenia (38.2 vs 23.0%, p = 0.002), neutropenia (33.1 vs 13.5%,
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Figure 3 Time-dependent receiver operating characteristic (tdROC) curves of 3- and 5-year OS for respective comparison of the nomogram with the 8th TNM staging
system in the training (A and C) and validation cohort (B and D).
Abbreviation: OS, overall survival.

p < 0.001), and gastrointestinal reaction (7.3 vs 2.2%, p = 0.044). Between-group differences in other Grade 3—4 acute
toxicities, such as anemia, thrombocytopenia or hepatotoxicity were not significant.

Discussion
In the current study, a nomogram incorporating the TNM staging system, serum biomarkers, and MRI based-tumor

features was established to predict OS in advanced N-stage NPC. The nomogram performed better than the 8th TNM
stage and successfully classified patients into low and high-risk groups with significantly different 5-year OS rates.
Moreover, we showed that the addition of IC before CCRT was likely to benefit patients in the high-risk group, but not
patients with low risk. Our findings demonstrated that the nomogram was useful in risk stratification and identifying the

optimal candidates for IC.
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Figure 4 Kaplan-Meier survival curves of OS (A), LRRFS (B), DMFS (C), and DFS (D) of patients between IC+CCRT and CCRT alone in the nomogram-defined high-risk
group after matching.
Abbreviations: IC, induction chemotherapy; CCRT, concurrent chemoradiotherapy.

Recently, several clinical trials have provided evidence that the application of IC before CCRT could decrease the risk of
distant metastasis and further improve survival.” ' Although IC+CCRT was regarded as the most recommended treatment for
LANPC patients according to National Comprehensive Cancer Network, clinicians did not reach a consensus on the optimal
beneficiaries of IC in LANPC. Notably, the study population of the three clinical trials covered all LANPC but not T3N0—17 or
T3-4N0'%* patients, since these subgroups were initially considered to have a low risk of treatment failure and did not need
additional IC. Also, previous studies have reported that IC might not improve survival for patients with T3-4N0-1 NPC but
was associated with higher incidences of acute toxicities.” >* These findings suggest that IC might improve survival only in
patients with a larger tumor burden. Compare to NO-1 patients, patients with large and/or extensive lymphnode disease (N2-3)
are high-risk subgroups. In clinical practice, CCRT alone may not be sufficiently intensive and IC is expected to bring benefits
to these patients. However, we should note that cancer is a heterogeneous disease. Thus, it is not rigorous enough to determine
patients who might benefit from IC only according to the TNM stage. Being a double-edged sword, IC has positive value in
eliminating micrometastases, while it also increased both wait time for radical radiotherapy and the incidence of toxicities. Our
data showed that the addition of IC was associated with more acute toxicities, which is similar to previous studies.'®'* In that
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Table 3 Acute Adverse Events of Patients in the CCRTand IC+CCRT

Groups
Adverse Event CCRT IC+CCRT p-value
(n=178) (n=178)
Leucopenia
All 147 (82.6) 171 (96.1) < 0.001
Grade 34 41 (23.0) 68 (38.2) 0.002
Neutropenia
All 109 (61.2) 150 (84.3) < 0.001
Grade 34 24 (13.5) 59 (33.1) < 0.001
Anemia
All 96 (53.9) 130 (73.0) < 0.001
Grade 34 | (0.6) 4(2.2) 0.371
Thrombocytopenia
All 33 (18.5) 64 (36.0) < 0.001
Grade 34 6 (3.4) 11 (6.2) 0.214
ALT increase
All 6l (34.3) 84 (47.2) 0.013
Grade 34 0 (0) 5(2.8) 0.061
AST increase
All 49 (27.5) 71 (39.9) 0.018
Grade 34 0 (0) 3(1.7) 0.248
Bilirubin increase
All 19 (10.7) 47 (26.4) < 0.001
Grade 34 0 (0) | (0.6) 1.000
Gastrointestinal reaction
All 92 (51.7) 150 (84.3) < 0.001
Grade 34 4(2.2) 13 (7.3) 0.044

Notes: All data are presented as number of patients (%). P-values were calculated by
the Chi-square test or Fisher’s exact test.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase.

case, there is an urgent need for a more comprehensive prognostic model to precisely predict patient clinical survival and guide
individualized treatment based on risk stratification.

Patients with a higher risk of treatment failure are generally considered to benefit more from additional IC. Several
studies followed up on this experience and confirmed the benefit of IC in NPC patients with high risk through the
prognostic models they built.""'* Most previous studies utilized tumor stage and serum biomarkers to develop
a prognostic model and guide individualized treatment. In our study, five characteristics (age, T stage, N stage, LMR,
and EBV DNA level) were identified as independent factors and included in the nomogram. As a regular examination
before treatment, MRI is now widely used to accurately assess the prognosis of NPC, determine the TNM stage, and
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conduct follow-up. Attempts have been made in investigating the prognostic value of some MRI based-tumor features for
patients with NPC, including nodal laterality, extranodal neoplastic spread (ENS), and necrosis,'®® and reported that
patients with these tumor features had a higher risk of treatment failure and need intensive treatment. Liu et al indicated
that compared with CCRT, IC + CCRT improved survival outcomes for patients with tumor necrosis, but not for patients
without tumor necrosis.”’ Hence, our prognostic model utilized the information obtained from pretreatment MRI without
increasing the physical or financial burden. With the integration of tumor stage, tumor features via MRI, and other
clinical characteristics, the nomogram yielded better performance in predicting survival than the TNM stage. Our
nomogram might provide a simple and precise method for predicting OS in LANPC with advanced N-stage.

In this study, it is notable that in all LANPC patients with N2-3 stage, IC + CCRT was associated with improved OS

compared with CCRT alone. This result is consistent with other studies and clinical experience,'®'”

indicating that the
N stage can be used as an indication of IC. However, we found that the effects of IC varied among patients with different
risks. The individualized risk stratification based on nomogram was used to identify a subgroup that would be
advantageous for the addition of IC before CCRT to improve survival. Our data confirmed that IC for high-risk patients
achieved significant improvements in OS and PFS but this was not observed in those categorized as low-risk patients,
although the characteristics were balanced between the two treatment arms. The most likely explanation for IC only
benefiting high-risk patients in the present study is that these patients represent a greater tumor burden and higher risk of
treatment failure. Thus, intensive treatment may be reasonable for patients with a high risk if they can tolerate such
therapy based on the comprehensive assessment before treatment. The reason for the lower efficacy of IC for low-risk
patients may be that they used CCRT alone to achieve a relatively satisfactory survival prognosis, while IC could result in
prolonged wait time for radical radiotherapy. The adverse effects of delayed radiotherapy on patients with NPC have
been proved in previous studies.>*? Additionally, similar to other studies, we found that the use of IC increased the
incidence of severe adverse events. The additional acute toxicities such as hematologic toxicities or hepatoxicity caused
by IC may affect the treatment efficiency. Considering the toxicities, cost, and increasing wait time for radiotherapy, the
low-risk patients may prefer to avoid IC, particularly due to the relatively small expected efficiency.

Our study shows great potential for application in clinical practice. The nomogram would particularly help to have
one-to-one discussions with patients and in making treatment decisions. Consider the following examples that illustrate
the value of this model in terms of individualized treatment: A 40-year-old patient (0 points) with T4 (3.25 points), N2
stage (0 points) NPC, and -an EBV-DNA level of 5000 copies/mL (0 points), LMR less than 3.80 (10 points), and with
tumor characteristics of RLN necrosis (7.75 points) and CLN necrosis (4.5 points), would obtain a total score of 25.5 and
a corresponding 5-year OS of 67%. Therefore, this patient will be classified as a high-risk case and the addition of IC to
CCRT was more beneficial for s/he. Nevertheless, the administration of IC should involve a thorough evaluation of not
only treatment efficiency, but also some details that cannot be included in this nomogram, such as patients’ tolerance,
quality of life, financial status, and so on. For example, in this study, compared with the CCRT group, the proportion of
young patients in the IC + CCRT group is higher. The possible reason is that the addition of IC is usually related to more
side effects and may not be tolerated by older patients. Hence, the proposed model can serve as a useful reference, but
should not be regarded as the sole basis for decisions making of NPC patients.

The limitations of this study lie in the following aspects. First of all, this study was performed from a single center.
For this reason, the generalizability of the findings to other patient populations is not determined, and external validation
may be warranted in the future. Another limitation was the heterogeneity of the IC regimen due to the retrospective study

11,33

nature. Finally, as an emerging field in oncology, radiomics was not used in the present study because it was not

a routine technology in our center. In future research, radiomics should be taken into analysis.

Conclusion

In conclusion, we built a nomogram to predict OS rates for advanced N-stage NPC in the endemic area. The nomogram
successfully stratified patients into high- and low-risk groups, and thereby may be a potential tool for identifying the
optimal candidates for IC: the addition of IC before CCRT brought survival benefits for high-risk patients, but it failed to
retain benefits for patients with low risk. Future prospective studies with external validation are needed to test our results.
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