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Abstract
Purpose: The e�cacy and safety of nimotuzumab (NTZ) added to concurrent chemoradiotherapy (CCRT)
was investigated in patients with stage III-IVa nasopharyngeal carcinoma (NPC).

Methods: Patients with stage III-IVa NPC treated with CCRT, with or without NTZ, were screened between
January 2015 and December 2017. Overall survival (OS), progression-free survival (PFS), locoregional
recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) were compared between
these groups. Propensity score matching (PSM) was applied to reduce the selection bias. Nomogram
models were developed to predict survival of CCRT with or without NTZ.

Results: A total of 426 patients were included after PSM, with 213 patients in each regimen. Compared
with NPC patients receiving CCRT alone, patients who received NTZ plus CCRT treatment had
signi�cantly better OS (5-year OS, 76.1% vs. 72.3%, P = 0.004), PFS (5-year PFS, 73.2% vs. 69.0%, P =
0.002), and LRFS (5-year LRFS, 73.2% vs. 69.0%, P = 0.028). A multivariate Cox regression analysis
demonstrated that, compared with receiving CCRT alone, NTZ plus CCRT was an independently positive
factor for OS, PFS, and LRFS. In addition, no signi�cant difference was observed in the major toxicities
among the two treatments (all P>0.05). Nomogram models that identi�ed signi�cant prognostic factors
were produced.

Conclusion: The present study suggested the NTZ plus CCRT treatment presented favorable clinical
outcomes for stage III-IVa NPC patients with good tolerance and similar toxicity compared to CCRT alone.
A prospective, randomized clinical trial is essential to validate the current �ndings.

Introduction
Nasopharyngeal carcinoma (NPC) occurs commonly occurred in Southeast Asia and Southern China. It is
characterized by a relatively high sensitivity to radiotherapy and chemotherapy (Y. Zhang et al., 2018).
Radiotherapy with or without chemotherapy is the main treatment modality for NPC patients (Yan, Cao, &
Wang, 2017). According to the 2021 Chinese Society of Clinical Oncology and American Society of
Clinical Oncology guidelines for nasopharyngeal carcinoma, concurrent chemoradiotherapy (CCRT) is still
recommended as the standard treatment for stage II-IVa NPC patients (Yu-Pei Chen et al., 2021).
Cisplatin-based chemotherapy with intensity-modulated radiotherapy (IMRT) is the standard care for NPC
patients in recent years. Numerous studies have demonstrated that chemotherapy concurrent to radiation
therapy provides better tumor control and more favorable outcomes (M. X. Zhang et al., 2015). However,
nearly 30% of NPC patients may still experience treatment failure after CCRT, due to the relapse in situ
and distant metastasis (Lee et al., 2005; Ma, Hui, & Chan, 2008). The prognosis is poor for patients who
diagnosed with distant metastasis, with the median survival time ranging from 5 to 11 months (Hui et al.,
2004; Z. C. Zhang et al., 2014). Therefore, identi�cation of a more effective therapeutic regimen with
acceptable toxicity is urgently needed for NPC patients.
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The epidermal growth factor receptor (EGFR) is a member of the ErbB family of receptor tyrosine kinases.
This receptor is over-expressed in about 90% of squamous cell carcinomas of the head and neck,
including NPC (Fortunato Ciardiello & Tortora, 2001; Yewale, Baradia, Vhora, Patil, & Misra, 2013). In
addition, the EGFR is a promising new therapeutic target in malignant carcinoma (Fortunato Ciardiello &
Tortora, 2001). Several EGFR inhibitors, such as cetuximab (CTX), panitumumab, afatinib, and erlotinib,
have elicited positive outcomes in clinical trials (Dorsey & Agulnik, 2013; Prenen, Vecchione, & Van
Cutsem, 2013; Yewale et al., 2013). Thus, anti-EGFR therapy may be a potential treatment combined with
CCRT for NPC.

The most commonly used anti-EGFR monoclonal antibodies in the treatment of NPC are CTX and
nimotuzumab (NTZ). Numerous previous studies have investigated the e�cacy of anti-EGFR targeted
therapy in NPC, though the results are controversial (Jian-feng Huang et al., 2017; Y. Li et al., 2017; Xia He
et al., 2013; Xia et al., 2017; Xu et al., 2015; You, Hua, et al., 2017; You, Sun, et al., 2017). Xia et al. and You
et al. found that the CTX or NTZ plus CCRT was more effective than CCRT alone (Xia et al., 2017; Xu et al.,
2015). In contrast, Li et al. found that adding CTX to the CCRT regime did not improve the prognosis in
stage II to IV NPC patients (Y. Li et al., 2017). Furthermore, the addition of CTX treatment signi�cantly
increased the toxicity rate of acute mucositis and acneiform rash (Y. Li et al., 2017; Xu et al., 2015).
Compared with CTX, NTZ caused less severe dermatological toxicity, and exhibited a longer half-life
(Tania Crombet et al., 2003). Previous studies with a small sample size have demonstrated that NTZ plus
CCRT showed positive results for patients with locally advanced NPC (Zhi-gang Liu et al., 2016; Zhi-Qiang
et al., 2019). Therefore, studies with a larger population are needed to validate the e�cacy of adding
NTZ.

Nomograms can assess the outcomes of individual patients by graphical depictions (Kattan & Scardino,
2007), and they have been applied in various types of cancers (Han et al., 2012; Karakiewicz et al., 2007;
Y. Wang et al., 2013). Furthermore, nomograms have been proposed as an alternative method to guide
the therapeutic regimen for cancer patients, because of their speci�city and visualization (Karakiewicz et
al., 2007; Mariani et al., 2005). Thus, the primary aim of the present study was to evaluate the e�cacy of
NTZ in stage III-IVa NPC patients. A secondary aim was to develop a practical model by combining NTZ
with prognostic biomarkers to predict the prognosis for NPC patients individually.

Materials And Methods

Patient selection
Between January 2015 and December 2017, a total of 11382 patients who were diagnosed with
nasopharyngeal carcinoma at Sun Yat-sen University Cancer center were retrospectively enrolled. The pre-
treatment clinical information of the patients was recorded, including blood tests, imaging examination,
and histological diagnosis. All patients had a histologic con�rmation of NPC and enhanced computed
tomography (CT)/MRI veri�ed the metastatic disease and clinical stage. The exclusion criteria are
presented in Fig. 1. Brie�y, patients were ruled out if they had clinical stage I-II disease; distant metastasis;
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no/ unclear therapy; no receive concurrent chemotherapy; other targeted drugs; nimotuzumab less than 6
cycles; or lost to follow-up. Finally, 3340 patients were included in the study cohort, of them 3127 patients
received CCRT alone, and 213 patients received CCRT combined with NTZ. In the 1:1 propensity score
matching (PSM) analysis, patients who accepted nimotuzumab plus CCRT were individually matched to
patients receiving CCRT alone according to body mass index (BMI), the levels of C reactive protein (CRP)
and lactate dehydrogenase (LDH), which were signi�cantly different between the two treatment regimens
on the patients’ baseline characteristic. The current study was approved by the ethics committee of the
SYSUCC (B2021-366-01). Written informed consent for therapy was obtained from all patients.

Radiotherapy
All patients received IMRT in Sun Yat-sen University Cancer Center. Brie�y, gross tumor volume (GTVnx)
included the primary tumor and the enlarged lymph nodes, and GTVnd was the volume of clinically
positive cervical lymph nodes. The GTV, metastatic cervical lymph nodes and the metastatic
retropharyngeal lymph nodes were veri�ed by MRI/CT and/or PET-CT imaging as well as the
nasopharyngoscopy �ndings. The �rst clinical tumor volume (CTV1) was de�ned as the gross tumor
volume within 0.5-1.0 cm margin (0.2 to 0.3 cm posterior margin) to include the high-risk sites of
microscopic extension and the nasopharynx. The second clinical tumor volume (CTV2) was derived as a
geometric expansion of CTV1 plus 0.5-1.0 cm margin (0.2-0.3 cm posterior margin) to cover the low-risk
areas of microscopic extension, the level of lymph node, and the potentially metastatic neck area. The
radiotherapy dose in this retrospective study was ranged from 2·00 Gy to 2·33 Gy per fraction with �ve
daily fractions per week for 6–7 weeks. The prescribed total radiation dose was 66-70 Gy to the planning
target volume (PTV), 60 Gy to PTV1, 54 Gy to PTV2, and 60-66 Gy to the PTV of the involved cervical
lymph nodes in 28 to 33 fractions. All patients received treatment once daily, �ve fractions weekly. Dose
were applied within the tolerance according to the RTOG 0225 protocol.

EGFR-antibody therapy and chemotherapy
All patients received cisplatin-based concurrent chemotherapy, and the treatment regimen of concurrent
chemotherapy was 100 mg/m2 cisplatin on day 1 every 3 weeks, or 30mg/m2 cisplatin weekly. Induction
chemotherapy (IC) consisted of cisplatin combined with taxanes or 5-�uorouracil or both every 3 weeks
for 2 or 3 cycles (Y. Sun et al., 2016). A total of 213 patients accepted full doses of nimotuzumab therapy
(200 mg weekly) after PSM in our study.

Toxicity assessment and follow up
Chemotherapy toxicities were evaluated by the National Cancer Institute Common Toxicity Criteria (NCI
CTCAE, version 4.0), and radiotherapy-related toxicities were assessed according to the Acute and Late
Radiation Morbidity Scoring Criteria of RTOG. Dosage was adjusted based on the grade of toxicities
individually. Patients were monitored weekly during treatment. The post-treatment clinical follow-up was
generally at intervals of 3 months after treatment for �rst 2 years, half-year for the next 3 years and
annually thereafter. Assessments included patient history, physical and imaging examination of the
nasopharynx. The last follow-up date was 31 December 2020.
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Study end points and statistical analysis
Overall survival (OS) was de�ned as the time from the date of enrollment to the date of death due to any
cause or the date of last follow-up. Progression-free survival (PFS), locoregional recurrence-free survival
(LRFS), and distant metastasis-free survival (DMFS) were calculated from day after the completion of
therapy to the �rst diagnosed of any cause of treatment failure, locoregional nasopharynx/ cervical
lymph nodes relapse, and the distant recurrence/ metastasis, respectively, or the date of last
investigation.

The baseline characteristics of patients are described in the CCRT plus NTZ group and CCRT alone group.
The χ2 test was used to compared categorical variables and the t-test was applied to compared
continuous variables. Propensity score matching analysis was applied. Using a caliper width of 0.2, 1:1
matching was performed in two groups based on the propensity scores. OS, PFS, LRFS, and DMFS were
calculated using the Kaplan-Meier method. Cox analysis was performed to identify the signi�cant
prognostic factors. Variables as independently prognostic factors in the multivariable models were
included to construct a nomogram model. Calibration curves of the nomogram were plotted to compare
predicted survival with actual survival. The statistical analyses were executed by the SPSS 20.0 (Chicago,
IL, USA) and using R (version 3.2.3). All tests were two-sided, and P < 0.05 was considered statistically
signi�cant.

Results
Patient Characteristics and Follow-up

From January 2015 to December 2017, 3340 NPC carcinoma patients were enrolled in our retrospective
study. Patient characteristics, grouped by the treatment regimen (with or without NTZ), are detailed in
Supplemental Table 1. The distributions of BMI, and the serum levels of CRP and LDH, were signi�cantly
different between the two groups (P<0.05) (Supplemental Table 1). To eliminate potential confounding
factors, we included a well-balanced cohort via PSM. After PSM, 426 eligible patients were identi�ed for
the matched analysis. No signi�cant difference was observed in the clinical characteristics between the
two regimens in the PSM cohort (Table 1). For the PSM cohorts, the median follow-up times were 60.0
months (range from 3 to 60 months). The follow-up observation indicated 17 and 4 patients died in the
PSM CCRT and CCRT plus NTZ cohorts, respectively.
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Table 1
Comparison of Patient Characteristics After Propensity Score Matching Grouped by Treatment Regime.
Characteristic CCRT (n=213) CCRT+NTZ (n=213) P

Gender     0.661

Female 59(27.7) 54(25.4)  

Male 154(72.3) 159(74.6)  

Age     0.332

<45y 118(55.4) 107(50.2)  

≥45y 95(44.6) 106(49.8)  

BMI     1.000

<25 141(66.2) 141(66.2)  

≥25 72(33.8) 72(33.8)  

T stage     0.874

T1 21(9.9) 17(8.0)  

T2 9(4.2) 8(3.8)  

T3 137(64.3) 144(67.6)  

T4 46(21.6) 44(20.7)  

N stage     0.844

N0 25(11.7) 30(14.1)  

N1 93(43.7) 86(40.4)  

N2 53(24.9) 56(26.3)  

N3 42(19.7) 41(19.2)  

Clinical stage     1.000

III 132(62.0) 133(62.4)  

IVa 81(38.0) 80(37.6)  

EBV DNA (copies/ml)     0.438

<2500 102(47.9) 111(52.1)  

Data are mean + SD or n (%).

Abbreviations: CCRT, concurrent chemoradiotherapy; NTZ, nimotuzumab; BMI, body mass index; EBV,
Epstein-Barr virus; LDH, lactate dehydrogenase; CRP, C reactive protein.
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Characteristic CCRT (n=213) CCRT+NTZ (n=213) P

≥2500 111(52.1) 102(47.9)  

CRP (mg/L)     1.000

<2 97(45.5) 97(45.8)  

≥2 116(54.5) 115(54.2)  

LDH (U/L)     1.000

<180 137(64.3) 137(64.3)  

≥180 76(35.7) 76(35.7)  

Induction chemotherapy     0.922

No 93(43.7) 91(42.7)  

Yes 120(56.3) 122(57.3)  

Smoking     1.000

No 143(67.1) 142(66.7)  

Yes 70(32.9) 71(33.3)  

Drinking     0.523

No 179(84.0) 173(81.2)  

Yes 34(16.0) 40(18.8)  

Family history     0.248

No 202(94.8) 195(91.5)  

Yes 11(5.2) 18(8.5)  

Data are mean + SD or n (%).

Abbreviations: CCRT, concurrent chemoradiotherapy; NTZ, nimotuzumab; BMI, body mass index; EBV,
Epstein-Barr virus; LDH, lactate dehydrogenase; CRP, C reactive protein.

 

E�cacy and Safety of NTZ

We further investigated whether NPC patients could bene�t from the regimen of NTZ after CCRT in the
PSM cohort. The 1-, 3-, and 5-year OS were 90.1%, 87.8%, 72.3% and 96.7%, 92.0%, 76.1%, the 1-, 3-, and 5-
year PFS were 90.6%, 85.9%, 69.0% and 97.2%, 95.3%, 73.2%, the 1-, 3-, and 5-year LRFS were 92.5%,
86.4%, 69.0% and 97.7%, 92.5%, 73.2%, and the 1-, 3-, and 5-year DMFS were 94.3%, 87.3%, 69.0% and
98.1%, 93.0%, 73.2% for the CCRT group and NTZ plus CCRT group, respectively.
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The Kaplan–Meier curves presented in Fig. 2 show that patients in the NTZ plus CCRT group had
signi�cantly better overall survival (log rank=8.394, P=0.004), PFS (log rank=9.486, P =0.002), and LRFS
(log rank=4.810, P=0.028) than NPC patients given CCRT alone (Fig. 2a-c). In addition, patients who
received the NTZ plus CCRT treatment had favorable DMFS than those who received CCRT alone, at the
very edge of signi�cance (log rank=3.741, P =0.053) (Fig. 2d).

We performed a Cox regression analysis to identify potential prognostic factors for NPC patients. All 426
patients after PSM were included in the Cox analysis. According to the univariate analysis, NTZ plus
CCRT, age, clinical stage, and the levels of EBV DNA, and LDH before treatment were associated with OS
(Fig. 3a). Similarly, NTZ combined with CCRT, clinical stage, and the level of EBV DNA were associated
with PFS (Fig. 3b). For LRFS, NTZ plus CCRT was suggested as a potential prognostic factor (Fig. 3c).
However, no clinicopathological feature was found to be related to the DMFS (Fig. 3d).

Consequently, we conducted a multivariate analysis adjusted for confounding factors. As presented in
Fig. 4, the combination of NTZ and CCRT (hazard ratio (HR) =0.192; 95% con�dence interval (CI): 0.064-
0.576, P =0.003) was identi�ed as an independent protective factors for OS, while age (≥45 years),
clinical stage, and the levels of LDH (≥180 U/L) were shown to be independent adverse prognostic
factors (Fig. 4a). Meanwhile, the regimen of NTZ after CCRT was demonstrated as an independent
protective factors for PFS (HR =0.171; 95% CI: 0.050-0.592, P =0.005) and LRFS (HR =0.206; 95% CI:
0.044-0.957, P =0.044), but not for DMFS (HR =0.138; 95% CI: 0.061-1.196, P =0.072) (Fig. 4b-d).
Interestingly, induction therapy was not associated with DMFS in the univariate model, but it showed a
signi�cant protective effect for DMFS in the multivariate analysis (HR =0.148; 95% CI: 0.025-0.891, P
=0.037) (Fig. 4d).

The incidence of acute toxicity in the PSM cohort was evaluated between CCRT with and without NTZ.
There were no signi�cant differences among the two regimens in major toxicities such as anemia,
thrombocytopenia, leukocytopenia, skin eruption, mucositis and organ toxicity (all P > 0.05) (Table 2). In
addition, we evaluated the interaction effects between the two different treatment regimens and other
prognostic factors after adjusting for age, clinical stage, induction chemotherapy, and EBV DNA. There
were no signi�cant interaction effects found between the therapeutic regimens and other prognostic
factors on OS (all P > 0.05) (Supplemental Table 2).
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Table 2
Acute toxicities based on different treatment regimen in NPC patients of

well-balanced cohort.
Acute Toxicity CCRT CCRT plus NTZ P

Anemia     0.679

G0-G1 170(79.7) 176(82.6)  

G2 34(16.0) 30(14.1)  

G3 7(3.5) 4(2.2)  

G4 2(0.9) 2(1.1)  

Thrombocytopenia      

G0-G1 183(85.5) 193(90.4) 0.177

G2 23(11.0) 17(8.1)  

G3 5(2.3) 2(0.9)  

G4 2(1.2) 1(0.6)  

Neutropenia     0.143

G0-G1 144(67.4) 160(75.3)  

G2 44(20.3) 34(15.7)  

G3 23(11.0) 18(8.4)  

G4 2(1.2) 1(0.6)  

Leukopenia     0.755

G0-G1 113(52.9) 114(53.5)  

G2 61(28.5) 65(30.5)  

G3 36(17.2) 32(15.1)  

G4 3(1.5) 2(0.9)  

Skin reaction     0.448

G0-G1 145(68) 142(66.6)  

G2 54(25.3) 61(28.5)  

G3 14(6.7) 10(4.9)  

Mucositis     0.149

Abbreviations: CCRT, concurrent chemoradiotherapy; NTZ, nimotuzumab.
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Acute Toxicity CCRT CCRT plus NTZ P

G0-G1 57(26.6) 70(32.8)  

G2 86(40.5) 77(36.3)  

G3 66(30.9) 56(26.2)  

G4 4(2) 10(4.7)  

Nausea and vomiting     0.373

G0-G1 64(29.9) 72(33.7)  

G2 116(54.7) 106(50.0)  

G3 30(14.0) 34(15.7)  

G4 3(1.5) 1(0.3)  

Diarrhea     0.452

G0-G1 189(88.7) 182(85.5)  

G2 19(9) 24(11.3)  

G3 5(2.3) 7(3.2)  

Hepatoxicity     0.284

G0-G1 189(88.7) 180(84.6)  

G2 19(9.0) 25(11.9)  

G3 5(2.3) 7(3.5)  

Nephrotoxicity     0.465

G0-G1 194(90.7) 194(91.0)  

G2 16(7.6) 13(6.1)  

G3 3(1.7) 6(2.9)  

Weight loss     0.346

G0-G1 152(71.2) 158(74.4)  

G2 61(28.8) 55(25.6)  

Abbreviations: CCRT, concurrent chemoradiotherapy; NTZ, nimotuzumab.

 

Construction of the Nomogram
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Potential prognostic factors were utilized to construct a nomogram and predict the prognosis of each
patient speci�cally. Prognostic models were developed for OS, PFS, LRFS, and DMFS, respectively
(Fig. 5). The four models illustrated good accuracy for predicting the survival rate of NPC patients. When
the nomogram models were authenticated internally, with the 1000 bootstrap resampling technique, the
concordance indexes (c-index) of 0.867 (95% CI, 0.793-0.941), 0.822 (95% CI, 0.743-0.901), 0.816 (95% CI,
0.702-0.930), and 0.848 (95% CI, 0.708-0.988) for OS, PFS, LRFS, and DMFS were attained, respectively.
The calibration plots demonstrated a favorable relation between the predicted and observed survival
(Fig. 5). Smaller points in the nomogram indicated a better prognosis. The models indicated that NTZ
plus CCRT had a positive impact on the survival NPC patients.

Discussion
The current study evaluated the therapeutic effect of nimotuzumab combined with concurrent
chemoradiotherapy in stage III-IVa nasopharyngeal carcinoma patients, and demonstrated that this
combination achieved better prognosis compared with CCRT alone, with similar toxicity rates between the
two regimens. Furthermore, we constructed nomogram models to assess the survival probability
according to the clinical characteristics of individual patients.

Although nasopharyngeal tumors are sensitive to radiotherapy, some patients still develop recurrence and
metastases after treatment. EGFR is over-expressed in most NPC patients, and its high expression level is
an indication of strong invasion and drug resistance (Fortunato Ciardiello & Tortora, 2001). Several
reports have examined the e�cacy of NTZ treatment for NPC patients, but the conclusions are discrepant
(Fangzheng et al., 2018; Jian-feng Huang et al., 2017; F. Wang et al., 2018; Yao et al., 2018; Zhi-gang Liu
et al., 2016; Zhi-Qiang et al., 2019). For example, Li et al. conducted a retrospective study and found that
NPC patients receiving cisplatin and radiotherapy achieved better survival than those receiving NTZ
combined with radiotherapy, while NTZ plus radiotherapy caused less toxicity. They suggested NTZ plus
radiotherapy is an optional treatment for the stage II or older NPC patients (H. M. Li et al., 2016). However,
NPC patients in stage II rarely receive anti-EGFR drugs treatment in our cancer center. Therefore, only
stage III-IVa NPC patients are discussed in the current study, and the therapeutic effect of the NTZ
combination for stage II NPC patients remains elusive. Liu et al. conducted a study retrospectively and
concluded that NTZ combined with CCRT was an effective treatment option for locoregionally advanced
NPC (Zhi-gang Liu et al., 2016). Similarly, Yao et al. suggested that NTZ in addition to the standard CCRT
regimen was more effective for long-term survival in locoregionally advanced NPC patients in
comparison to CCRT alone. Nevertheless, only 42 and 31 patients treated with CCRT plus NTZ were
included in the two previous studies, and the results are thus inconclusive (Yao et al., 2018; Zhi-gang Liu
et al., 2016).

Our cancer center previously documented the e�cacy of combination anti-EGFR targeted treatment. You
et al. �rst reported that signi�cantly longer survival rates were not observed in patients receiving
CTX/NTZ treatment concurrently with IMRT compared to those in the standard cisplatin-IMRT
combination. Furthermore, the subgroup analysis revealed frustrating loco-regional control in N3 stage
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patients treated with CTX/NTZ. Additionally, G3-G4 hematologic toxicities and an increased rate of CTX-
related mucositis were observed in the CTX/NTZ group (You, Sun, et al., 2017). You et al. then compared
the e�cacy of CTX or NTZ and CCRT, and CCRT treatment alone, in stage II-IVa NPC patients. They
suggested that the combination of CTX/NTZ with CCRT yielded better OS in patients with stage II-IVa
NPC compared with CCRT alone. In addition, the positive effect of the combined CTX/NTZ treatment was
also evident in DFS and DMFS (You, Hua, et al., 2017).

Our data are partially consistent with these previous �ndings. In the current study, the combination of
NTZ and CCRT improved OS, PFS, and LRFS for stage III-IVa NPC patients without increasing the
incidence of acute toxicity. However, DMFS did not bene�t from the addition of NTZ treatment (Fig. 2 and
Fig. 3). We hypothesize that the inconsistent results might be due to a discrepancy in patient enrollment.
Speci�cally, the analysis by You et al. included patients between January 2009 and December 2013, with
189 patients in the CTX/NTZ plus CCRT arm. In addition, the molecularly-targeted drug was CTX or NTZ,
not speci�cally NTZ, and eligible patients received only one treatment cycle. In the current study, we
enrolled NPC patients from 2015 to 2017, and focused on the e�cacy of NTZ speci�cally. Patients
receiving at least six doses of NTZ were included, and 213 eligible patients were assigned to each cohort
using the PSM method. In addition, Sun et al. conducted a study to investigate the e�cacy of anti-EGFR
drugs added to palliative chemotherapy in patients with de novo metastatic NPC. They reported that de
novo metastatic NPC patients might not bene�t from the addition of anti-EGFR drug treatment, and
adding CTX to CCRT might exacerbate the acute mucositis and skin reactions (X.-S. Sun et al., 2019).
Collectively, the e�cacy of anti-EGFR drugs on suppressing distant metastasis remains to be determined.

NTZ is a recombinant humanized IgG1 monoclonal antibody that binds to EGFR directly (Cristina Mateo
et al., 1997). Therefore, NTZ can inhibit the binding of EGF and transforming growth factor alpha to the
EGFR, and thereby block the EGFR signaling pathway. In addition, NTZ is reported to induce apoptosis,
and inhibit the cell cycle and angiogenesis in tumors (Crombet-Ramos, Rak, Perez, & Viloria-Petit, 2002).
Furthermore, NTZ has high safety and low toxicity, with a relatively low risk of skin and mucosa toxicities
commonly caused by other EGFR-targeting antibodies (Lin et al., 2018; Zhi-Qiang et al., 2019). These
factors suggest that NTZ has advantages over other EGFR inhibitors, such as CTX, in terms of less
toxicity (Lin et al., 2018). In addition, the a�nity constant of NTZ is low, which leads to highly speci�c
tumor uptake and low normal tissue absorption.

Previous clinical trials that studied the e�cacy of NTZ combined with radiotherapy in patients with
locally advanced head and neck squamous cell carcinoma reported that the addition of NTZ caused mild
toxicity and may improve the radiation sensitivity of unresectable head and neck tumors (Talavera et al.,
2009). Randomized studies that enrolled Indian patients with advanced head and neck squamous cell
carcinoma concluded that concurrent use of NTZ with radiotherapy or chemoradiotherapy was safe and
provided long-term survival bene�ts (Patil et al., 2019; Reddy et al., 2014). In NPC, CCRT signi�cantly
increased radiotherapy- and chemotherapy-related adverse events such as mucositis, skin reactions, and
organ toxicity (Chen et al., 2012). Therefore, it is essential to clarify the adverse side effects of
combination treatments with NTZ. Wang et al. concluded that long-term usage of NTZ did not increase
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the incidence of radiation-related toxicities; no skin rashes or infusion reactions were observed in the
treated NPC patients (Fangzheng et al., 2018). Consistent with this �nding, Wang et al. conducted a 1:3
PSM analysis in III-IVa stage NPC patients that received IMRT with or without NTZ, and no signi�cant
differences were observed between the two regimens in terms of acute toxicities (Zhi-Qiang et al., 2019).
We made similar observations in the current analysis (Table 2), demonstrating that NTZ plus CCRT may
be a safe therapy regimen for locally advanced NPC patients.

The nomogram models showed favorable predictive accuracy and discriminative ability. Some studies
have established a nomogram model for predicting NPC survival (J. Li et al., 2018; W.-Z. Li et al., 2021;
Tang et al., 2015). In the present study, we constructed models for predicting the OS, PFS, LRFS, and
DMFS. We included potential prognostic biomarkers in the nomogram models. The models showed that
the combination of NTZ and CCRT treatment contributed to better predict prognosis for stage III-IVa NPC
patients.

Although our analysis veri�ed the positive e�cacy of the NTZ plus CCRT regimen for local advanced NPC
patients, and the nomogram models provided useful tools for clinical decision-making, the current study
still had several limitations. Firstly, as a retrospective study, potential selection bias was unavoidable,
even though the bias was minimized by recruiting consecutive NPC patients and using the PSM analysis.
Secondly, information of the EGFR expression level is missing; therefore, the relationship between the
EGFR expression level and the e�cacy of NTZ is unclear. Finally, the study population was enrolled from
a single center. Therefore, external validation, including a prospective and randomized study, is needed to
verify our �ndings.

Conclusion
The present study suggested that the combination of NTZ with CCRT resulted in a favorable clinical OS
outcome for stage III-IVa NPC patients with good tolerance and similar toxicities compared to CCRT
alone. In addition, we established useful nomogram models to evaluate the bene�t of CCRT in
combination with NTZ for individual NPC patients, which could help in making individual treatment
decisions.
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Figures

Figure 1

Diagram of the analytic cohort for survival analysis. Abbreviations: NPC, nasopharyngeal carcinoma;
CCRT, concurrent chemoradiotherapy; SYSUCC, Sun Yat-Sen University Cancer Center; NTZ,
nimotuzumab.

Figure 2

Kaplan-Meier survival curves based on CCRT plus nimotuzumab treatment versus CCRT alone for overall
survival (a), progression-free survival (b), regional relapse-free survival (c), distant metastasis–free
survival (d). Abbreviations: CCRT, concurrent chemoradiotherapy; NTZ, nimotuzumab. OS, Overall
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survival; PFS, progression-free survival; LRFS, locoregional recurrence-free survival; DMFS, distant
metastasis-free survival.

Figure 3

Forest plot presented the univariate Cox regression analysis of prognostic factors in�uencing NPC
patients’ survival after propensity score matching.

Figure 4

Forest plot suggested the multivariate Cox regression analysis of prognostic factors in�uencing NPC
patients’ survival after propensity score matching.

Figure 5

Nomogram for 1-, 3- and 5-year OS (a), PFS (b), LRFS (c), and DMFS (d) in patients with nasopharyngeal
carcinoma. The nomogram allows the user to obtain the probability of 1-, 3- and 5-year survival based on
a patient’s combination of covariates. For example, the patient’s treatment regime is identi�ed, and a line
is drawn straight upward to the “Points” axis to determine the score associated with that nimotuzumab.
The process is repeated for each variable, the scores are summed and determined on the “Total Points”
axis. A line is drawn straight down to determine the likelihood of 1-, 3- and 5-year survival. EBV DNA,
Epstein–Barr virus DNA; OS, Overall survival; PFS, progression-free survival; LRFS, locoregional
recurrence-free survival; DMFS, distant metastasis-free survival.

Figure 6

Calibration curve of nomogram models for predicting 1-, 3- and 5-year OS (a), PFS (b), LRFS (c), and
DMFS (d). The actual survival is plotted on the y-axis; the nomogram predicts the probability of OS (a),
PFS (b), LRFS (c), and DMFS (d), which is plotted on the x-axis, respectively. OS, Overall survival; PFS,
progression-free survival; LRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free
survival.
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