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Objective

This study investigated the curative effect of adding nimotuzumab (NTZ) in patients with locally advanced nasopharyngeal carcinoma (NPC) who were treated with concurrent chemoradiotherapy (CCRT) and explored significant prognostic factors of NPC.



Materials and methods

The clinical data of 307 patients with NPC treated in the First Affiliated Hospital of Soochow University from January 2013 to December 2018 were retrospectively analyzed. The patients were divided into the NTZ-CCRT group and the CCRT group according to whether they were associated with NTZ. We applied propensity score matching to reduce the interference of biases and compared the short-term efficacy and long-term survival rate of the two groups. Moreover, univariate and multivariate analyses were performed for all patients, and subgroup analysis was used to compare the efficacy of therapy combined with NTZ in different subgroups.



Results

In primary nasopharyngeal tumors, the objective response rates in the NTZ-CCRT group and CCRT group were 95.8% and 85.7%, respectively (P =0.007). In cervical positive lymph nodes, the objective response rates in the NTZ-CCRT group and CCRT group were 98.3% and 87.4%, respectively (P =0.001). Compared with CCRT alone, the addition of NTZ significantly improved the 5-year OS (94.1% vs. 81.8%, P=0.014) and the 5-year DFS (84.2% vs. 75.5%, P=0.031) of NPC patients; however, the addition of NTZ was accompanied by more severe hematologic toxicity and acute oral mucositis. Multivariate analysis demonstrated that the addition of NTZ was an important prognostic factor for OS and DFS (HR 0.367, 95% CI 0.167-0.808, P=0.013 for OS and HR 0.536, 95% CI 0.312-0.919, P=0.023 for DFS) and the level of pretreatment LDH (HR 5.170, 95% CI 2.125-12.580, P<0.001 for OS and HR 2.421, 95% CI 1.027-5.707, P=0.043 for DFS). Moreover, patients with high levels of hsCRP before treatment (HR 0.389, 95% CI 0.177-0.853, P=0.018) may gain more benefits from combined treatment with NTZ.



Conclusions

For locally advanced NPC patients treated with concurrent chemoradiotherapy, the addition of NTZ can significantly improve their survival outcome. However, it is necessary to guard against the associated increase in hematological toxicity and acute oral mucositis.
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1 Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common malignant tumors of the head and neck, and its incidence shows obvious regional aggregation. Cases of NPC are the most prevalent in Southeast Asia and southern China (1). Due to the complexity of the anatomical location and the sensitivity of radiation, radiotherapy is often the first choice for treating nasopharyngeal cancer. At present, chemoradiotherapy has become a standardized approach to treat locally advanced nasopharyngeal carcinoma. With the development of radiation technology, including two-dimensional conventional radiotherapy and intensity-modulated radiotherapy(IMRT), the survival time and quality of life of NPC patients have substantially improved (2–4); however, 20% of patients still experience recurrence or metastasis (5). Therefore, it is necessary to explore effective treatment methods, control local recurrence and progression, and improve the survival of NPC patients.

Currently, molecular targeted tumor therapy is an emerging treatment mode of tumor therapy. In nasopharyngeal cancer treatment, the epidermal growth factor receptor (EGFR) is frequently targeted. A study showed that EGFR is highly expressed in 80%-90% of nasopharyngeal cancers (6). After combining with its receptor, EGFR can phosphorylate and activate downstream signaling pathways to regulate the invasion and migration of tumor cells (7). Nimotuzumab (NTZ) is a humanized anti-EGFR monoclonal antibody that can block the EGFR on cells and enhance the radiation sensitivity of tumor cells, thus improving the radiotherapy effect on tumors (8). A retrospective study found that the combination of an anti-EGFR-targeted drug and IMRT was no worse than concurrent chemoradiotherapy (CCRT) in terms of survival outcomes, and relatively few cases of hematological toxicity and gastrointestinal reactions were observed (9). This study retrospectively analyzed the clinical data of patients with locally advanced nasopharyngeal carcinoma who received nimotuzumab combined with concurrent chemoradiotherapy in the First Affiliated Hospital of Soochow University from January 2013 to December 2018; we compared the efficacy and safety of treatment and investigated the prognostic factors, such as pretreatment LDH and pretreatment hsCRP, affecting the survival of patients with nasopharyngeal carcinoma.



2 Materials and methods


2.1 Patient selection and information collection

A total of 307 patients with locally advanced nasopharyngeal carcinoma who received initial treatment at the First Affiliated Hospital of Soochow University from January 2013 to December 2018 were selected. The assessment of the stage of disease was performed according to the American Joint Committee on Cancer–Union for International Cancer Control 7th edition stage-classification system (10). The inclusion criteria were as follows: (1) nasopharyngeal carcinoma diagnosed by histology and pathology; (2) good general condition, ECOG score 0-2; (3) stage II to IVA; and (4) nimotuzumab targeted therapy. The exclusion criteria included the following: (1) suffering from other malignancies; (2) expected survival less than 6 months; (3) receiving targeted drugs other than anti-EGFR; and (4) incomplete clinical data. Patients were divided into the study group (NTZ-CCRT) and the control group (CCRT) according to whether they were treated with NTZ.



2.2 Treatment



2.2.1 Radiotherapy

All patients received IMRT. The GTVnx was defined as gross tumor observed by MR/CT and other images and physical or endoscopic examination, while the GTVnd was defined as highly suspicious lymph nodes with a short diameter over 1 cm, necrosis, and increased glucose metabolism observed by FDG-PET. CTV1, the high-risk clinical target volume, was defined as the GTVnx plus a 5–10 mm margin (2–3 mm posteriorly) to encompass the high-risk sites of microscopic extension and the whole nasopharynx. The CTV2 included the CTV1 plus a 5–10 mm margin (2–3 mm posteriorly) and the cervical level where the positive lymph nodes were located. The CTV3 was defined as the low-risk cervical area with no positive lymph nodes. Prescription dose: PGTVnx: 68-70 Gy, PGTVnd: 68 Gy, PCTV1: 66 Gy, PCTV2: 64 Gy, PCTV3: 54-60 Gy, 31-33 fractions. All patients were treated once daily with five fractions every week.



2.2.2 Chemotherapy

Patients in both groups received 1-2 cycles of induction chemotherapy before radiotherapy and 1-2 cycles of concurrent chemotherapy during radiotherapy. The regimen consisted of taxane or fluorouracil plus cisplatin or nedaplatin every 3 weeks. After radiotherapy, 0-4 cycles of adjuvant chemotherapy were administered according to the tumor regression.



2.2.3 Targeted therapy

Based on the treatment in the control group (CCRT), nimotuzumab (50 mg/10 ml, Baitai Biology Pharmaceutical Co., Ltd.) was used in the study group (NTZ-CCRT). During radiotherapy, the 200 mg dose was diluted with 250 ml of normal saline once per week, and the duration of intravenous injection was not less than 60 min.




2.3 Follow-up and end-points

Follow-up was mainly carried out through a combination of medical record review and telephone contacts. The deadline for the last follow-up was March 1, 2022. The range of follow-up was 8-110 months, with a median follow-up of 57 months. The primary endpoints of this study were the objective response rate (ORR) and disease control rate (DCR). The efficacy evaluation criteria were based on the Response Evaluation Criteria in Solid Tumors (RECIST version 1.1), divided into complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD), in which CR+PR indicated efficacy and CR+PR+SD represented adequate control. The secondary endpoints included overall survival (OS), disease-free survival (DFS), distant metastasis-free survival (DMFS), and local recurrence-free survival (LRRFS). OS was defined as the time until death from any cause, and DFS was defined as the time until the date of death or first metastasis, progression, or recurrence, whichever occurred first. DMFS was defined as the time until the first distant metastasis, and LRRFS was defined as the time until the first local recurrence. Chemotherapy-related adverse reactions were evaluated according to the Common Terminology Criteria for Adverse Events (CTCAE version 5.0), skin and mucosal reactions were evaluated according to the toxicity criteria of the Radiation Therapy Oncology Group (RTOG) (11), and the maximum value of toxicity was recorded and assessed.



2.4 Statistical analysis

Propensity score matching (PSM) was used to adjust the age, sex, T stage, N stage and other factors of the two groups, and 1:1 nearest neighbor matching was conducted to create a well-balanced cohort for the comparison of effectiveness and safety. SPSS software (version 25.0) was used for data processing, and a P value less than 0.05 was considered statistically significant. The χ2 test and the corrected χ2 test or Fisher’s exact test were used for categorical variable comparisons, and the independent sample T test or Mann−Whitney U test was used for continuous variable comparisons. The survival results were calculated by the Kaplan−Meier method, and the survival differences between groups were compared by the log-rank test. A univariate analysis was performed for all eligible cases, and the potentially significant variables included sex, age, T stage, N stage, pretreatment LDH, pretreatment hsCRP, etc. To explore the independent prognostic factors of survival, the factors that conformed to the conditions of equal proportion hypothesis risk were included in the multivariate Cox regression model. In addition, we used a subgroup analysis method to compare the efficacy of chemoradiotherapy combined with NTZ in different subgroups.




3 Results


3.1 Baseline characteristics

A total of 307 eligible patients with locally advanced nasopharyngeal carcinoma were enrolled, including 241 males (78.5%) and 66 females (21.5%). The median age of the patients was 53 years. We used propensity score matching to create a well-balanced cohort of 238 patients, with 119 patients in the NTZ-CCRT group and 119 patients in the CCRT group. After propensity score matching, the sex, age, T stage, N stage and other variables of the two groups were not statistically significant, as shown in 
Table 1
.


Table 1 | 
Characteristics of NPC patients treated with or without nimotuzumab.





3.2 Efficacy

After propensity score matching, a total of 238 cases were evaluated for short-term efficacy. For primary nasopharyngeal tumors, the ORRs of the NTZ-CCRT group and CCRT group were 95.8% and 85.7%, respectively (P =0.007), and the DCR was 100%. Specifically, in the NTZ-CCRT group, we observed the following: CR 48.7% (58/119), PR 47.1% (56/119), SD 4.2% (5/119), and PD 0% (0/119). In the CCRT group, we observed the following: CR 47.9% (57/119), PR 37.8% (45/119), SD 14.3% (17/119), and PD 0% (0/119). In the cervical positive lymph nodes, the objective response rates in the NTZ-CCRT group and CCRT group were 98.3% and 87.4%, P =0.001, and the DCR was 100%. In the NTZ-CCRT group, we observed the following: CR 48.7% (56/115), PR 49.6% (57/115), SD 1.7% (2/115), and PD 0% (0/115). In the CCRT group, we observed the following: CR 49.6% (59/119), PR 37.8% (45/119), SD 12.6% (15/119), and PD 0% (0/119). These results are shown in 
Tables 2
, 
3
.


Table 2 | 
Comparison of short-term efficacy in nasopharyngeal tumor patients.





Table 3 | 
Comparison of short-term efficacy in cervical positive lymph nodes patients.





3.3 Survival

In the entire cohort, 26 patients had local recurrence, 56 patients had distant metastasis, and 39 patients died from tumor-related causes. After PSM, the 5-year OS rates in the NTZ-CCRT group and CCRT group were 94.1% vs. 81.8%, respectively (P=0.014) (
Figure 1A
), and the difference was statistically significant. In terms of the DFS, the 5-year DFS rates in the NTZ-CCRT group and CCRT group were 84.2% and 75.5%, P=0.031 (
Figure 1B
), respectively. The 5-year LRRFS rates in the NTZ-CCRT group and CCRT group were 93.9% and 89.9%, P=0.172 (
Figure 1C
), respectively, with no statistically significant difference. In regard to the 5-year DMFS, there were no statistically significant differences between the NTZ-CCRT group and the CCRT group (86.1% vs. 80.3%, P=0.106) (
Figure 1D
).




Figure 1 | 
Kaplan-Meier curves of overall survival (A), disease-free survival (B), local recurrence-free survival (C), and distant metastasis-free survival (D).





3.4 Safety

The most common adverse reactions in the NTZ-CCRT group were mucositis, leukopenia, and anemia; the most common grade 3/4 adverse reactions were mucositis, leukopenia, and neutropenia; the most common adverse reactions in the CCRT group mainly included mucositis, anemia, and leukopenia; and the most common grade 3/4 adverse reactions included mucositis, leukopenia, and neutropenia, as shown in 
Table 4
. Compared with that in the CCRT group, the incidence of hematological toxicity was higher in the NTZ-CCRT group, primarily manifested leukopenia and neutropenia, and there was no significant difference in the incidence of hepatic toxicity. In addition, more patients in the NTZ-CCRT group suffered from mucositis than those in the CCRT group (103/119 in the NTZ-CCRT group and 81/119 in the CCRT group), and the incidence rates of mucositis were 86.5% vs. 68.1% (P=0.001), respectively. There were also more patients who suffered grade 3/4 mucositis in the NTZ-CCRT group than in the CCRT group (49.6% vs. 37.8%, P=0.067), although the difference was not statistically significant.


Table 4 | 
Acute toxicities in the NPC patients.





3.5 Univariate and multivariate analysis

First, we performed univariate analysis using data for the entire cohort. The results are summarized in 
Table S1
. The potential prognostic factors for OS included combination with NTZ, sex, age, and LDH level before treatment. The potential prognostic factors for DFS included combination with NTZ and sex, while the combination with NTZ, age and T-stage were potential prognostic factors for DMFS. According to the results of the univariate analysis, we included NTZ, sex, age, LDH and hsCRP before treatment in the Cox multivariate regression model. In addition, we also conducted correlation analyses for T stage and N stage, and there was no correlation among them (P=0.366). Therefore, the T stage and N stage variables were both included in the multifactor analysis. The above factors all meet the conditions of the equal proportion hypothesis risk. The results of the multivariate analysis are shown in 
Table S2
. The addition of NTZ (HR 0.367, 95% CI 0.167-0.808, P=0.013), sex (HR 0.155, 95% CI 0.037-0.650, P=0.011), and pretreatment LDH level (HR 5.170, 95% CI 2.125-12.580, P < 0.001) were important prognostic factors for OS, and the addition of NTZ (HR 0.536, 95% CI 0.312-0.919, P=0.023), sex (HR 0.440, 95% CI 0.207-0.931, P=0.032), T stage (HR 1.734, 95% CI 1.065-2.825, P=0.027) and pretreatment LDH level (HR 2.421, 95% CI 1.027-5.707, P=0.043) were important prognostic factors for DFS. The important prognostic factors for DMFS were age (HR 1.918, 95% CI 1.098-3.350, P=0.022), T stage (HR 2.000, 95% CI 1.176-3.403, P=0.011), and pretreatment LDH level (HR 2.997, 95% CI 1.260-7.131, P=0.013).



3.6 Subgroup analysis

We performed a subgroup analysis to explore whether treatment combined with NTZ was beneficial in each subgroup (
Figure 2
). In routine clinical practice, the critical value of LDH before treatment is 250 U/L. The cutoff value of the pretreatment hsCRP was the median hsCRP level in the whole group, which was 1.53 mg/L. The results of the subgroup analysis are shown in 
Figure 2
. In terms of DFS, we found that in the T1-T2 (HR 0.237, 95% CI 0.098-0.575, P=0.001), age ≤53 years (HR 0.343, 95% CI 0.151-0.779, P=0.011), and male subgroups (HR 0.404, 95% CI 0.224-0.727, P=0.003), patients treated with NTZ appeared to gain more survival benefits. In addition, different levels of hsCRP before treatment may have affected the efficacy of the addition of NTZ, and the results showed that patients with higher levels of hsCRP before treatment (HR 0.389, 95% CI 0.177-0.853, P=0.018) may gain more benefits from the addition of NTZ.




Figure 2 | 
Hazard ratios for death in NPC patients.






4 Discussion

With tumor treatment entering the era of comprehensive treatment, molecular targeted therapy has attracted widespread attention. The combination of anti-EGFR drugs with radiotherapy and chemotherapy has been widely used in the treatment of a variety of cancers, including nasopharyngeal cancer, colorectal cancer, and non-small cell lung cancer (12–14). Some studies have documented that EGFR is overexpressed in 80%-90% of nasopharyngeal cancers (6), often resulting in poor survival, possibly associated with resistance to radiation or drugs (15). It has been observed that nimotuzumab enhances the radiosensitivity of tumor cells in lung and breast cancer by blocking nuclear translocation in EGFR and inhibiting repair caused by radiation-induced DNA damage (8, 16). Increased radiosensitivity has also been observed in nasopharyngeal carcinoma cells with the use of nimotuzumab (17). A study showed that the binding affinity of nimotuzumab to EGFR is related to the distribution density of EGFR in tissues. In normal tissues with low EGFR density, such as the skin and mucous membrane, the binding force of nimotuzumab is low, resulting in mild cytotoxicity (18). Therefore, nimotuzumab combined with radiotherapy is widely used in the treatment of epithelium-derived tumors.

A multicenter randomized controlled study that was conducted in an area where nasopharyngeal cancer is prevalent showed that in patients with locally advanced nasopharyngeal carcinoma who received cisplatin plus IMRT, the treatment with nimotuzumab combined with PF led to better lymph node response rates than treatment with PF alone (81% vs. 60%, P=0.036), with a statistically significant difference (19). These outcomes are consistent with our study. We found that, in terms of the short-term efficacy of cervical lymph nodes, the NTZ-CCRT group had a better lymph node effect than the CCRT group, with objective remission rates in the two groups of 98.3% vs. 87.4%, respectively (P =0.001). Another phase II trial in patients with N3M0 nasopharyngeal carcinoma found that after induction chemotherapy followed by nimotuzumab combined with CCRT, the effective rate was 100%, and the 3-year local control rates reached 97.8% (20). We found that tumor cells in the cervical metastatic lymph nodes also had high EGFR expression. A study showed that the positive rate of EGFR expression in primary nasopharyngeal carcinoma and metastatic lymph nodes was 73.3% and 60.5%, respectively, and the difference in the expression level between primary and positive lymph nodes was statistically significant (P=0.001) (21). Nimotuzumab binds to the EGFR receptors on tumor cells in cervical metastatic lymph nodes to enhance radiotherapy sensitivity, thereby increasing lymph node response rates and improving local response rates.

Our study found that adding NTZ to concurrent chemoradiotherapy led to better results in patients with nasopharyngeal primary tumors. The ORRs of the NTZ-CCRT group and the CCRT group were 95.8% vs. 85.7%, p=0.007, showing a significant difference. A meta-analysis conducted by Li, which included 9 randomized controlled trials and 6 cohort studies with a total of 1 015 patients, found that combined chemoradiotherapy with nimotuzumab was associated with increased response rates compared to chemoradiotherapy alone (RR =1.11, 95% CI: 1.01-1.22). It has been confirmed that nimotuzumab combined with concurrent chemoradiotherapy is superior to chemoradiotherapy alone in patients with advanced nasopharyngeal carcinoma (22). Regarding the long-term efficacy, we further observed that the combination of NTZ did not seem to have an advantage in terms of relapse-free survival, and the LRRFS of the NTZ-CCRT group and the CCRT group were 97.5% vs. 91.6% (P=0.172). However, in terms of the overall survival and progression-free survival, the addition of NTZ had obvious advantages. The 3-year OS rates in the NTZ-CCRT group and the NTZ group were 96.6% and 89.1%, respectively (P=0.014), and the 3-year DFS rates were 89.9% and 78.2%, respectively (P=0.031). This was also confirmed in the multivariate analysis, and the addition of NTZ was an important prognostic factor for OS (HR 0.367, 95% CI 0.167-0.808, P=0.013). In addition, the addition of NTZ was also an important prognostic factor for DFS (HR 0.536, 95% CI 0.312-0.919, P=0.023), indicating that it may further improve survival by improving DFS. We also observed that the LDH level before treatment was a prognostic factor of OS, DFS and DMFS, and the HRs were 5.170, 2.421 and 2.997, respectively, with P values less than 0.05. The survival time of the NPC patients was correlated with pretreatment LDH levels, and higher LDH levels were associated with poorer survival. Wan also observed an association between pretreatment LDH levels and survival in nasopharyngeal carcinoma patients, with increased LDH levels predicting worse OS (56.9% vs. 76.8%, P =0.004), DFS (45.4% vs. 64.7%, P =0.001), DMFS (54.3% vs. 72.2%, P =0.001) and LRRFS (76.1% vs. 89.6%, P =0.019). Multivariate analysis confirmed that the LDH level before treatment was an independent prognostic factor for patients with locally advanced nasopharyngeal carcinoma (23). A meta-analysis aimed at investigating the prognostic value of pretreatment serum LDH levels in NPC patients among the Chinese population also showed that high LDH levels were significantly associated with poor OS, DFS, and DMFS (24).

A previous study showed that pretreated hsCRP levels are associated with survival in patients with nasopharyngeal cancer. Tang found that hsCRP was connected with OS (HR: 1.723; 95% CI: 1.238-2.398; P=0.001), PFS (HR: 1.621; 95% CI: 1.273-2.064; P<0.001) and DMFS (HR: 1.879; 95% CI: 1.394-2.531; P < 0.001). They concluded that elevated serum hsCRP levels predicted lower survival in NPC patients. It may be complementary to TNM staging and EBV DNA in terms of prediction (25). In the subgroup analysis of DFS, our study found that different levels of pretreatment hsCRP may affect the curative effect of NTZ. In the subgroup with hsCRP > 1.53 mg/L, additional NTZ may have a survival benefit (HR 0.389, 95% CI 0.177-0.853, P=0.018). In addition, we observed that in the T1-T2 subgroup, the addition of NTZ seemed to have better efficacy than in the control group (HR 0.237, 95% CI 0.098-0.575, P=0.001).

In this study, compared with the CCRT group, a higher incidence of adverse reactions was observed in the NTZ-CCRT group, including acute oral mucositis (86.5% vs. 68.1%, P=0.001) and leucopenia (81.5% vs. 63.9%, P=0.002). The incidence of grade 3/4 oral mucositis in the NTZ-CCRT group and CCRT group was 49.6% vs. 37.8%, P=0.067, and no adverse reactions, such as rash, allergy or abnormal renal function, were observed. We analyzed the high incidence of oral mucosal reactions in patients treated with extra NTZ, which may have been related to the reduced repair ability of epithelial cells caused by anti-EGFR drugs. However, with proper care and treatment, a large number of patients can tolerate this treatment.

This was a single-center retrospective study, and although some biases were eliminated by propensity score matching, it is unclear whether there were other biases. Therefore, further multicenter prospective studies are necessary to evaluate the efficacy and safety of nimotuzumab in patients with locally advanced nasopharyngeal carcinoma. In conclusion, compared with chemoradiotherapy alone, patients with locally advanced nasopharyngeal cancer who receive chemoradiotherapy plus nimotuzumab can benefit in terms of short-term efficacy and long-term survival. It is necessary to guard against the increase in hematological toxicity and acute oral mucositis, and pain can be alleviated through good nursing care and supportive treatment.
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