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Objective

To evaluate the safety and effectiveness of nimotuzumab in combination with chemoradiotherapy for locally advanced cervical esophageal squamous cell carcinoma.



Methods

Retrospective analysis was conducted from September 2012 to February 2017 among 50 locoregional-advanced cervical esophageal carcinoma (CEC) patients who received concurrent chemoradiotherapy (CRT) combined with or without nimotuzumab at Ningbo Medical Center Lihuili Hospital. Intensity-modulated radiotherapy (IMRT) was administrated on all patients. All patients were divided into two groups, of which 26 (Group A) received 200 mg (22 of 50) or 400 mg (4 of 50) of nimotuzumab per week with CRT and 24 (Group B) received definitive CRT.



Results

The median follow-up time was 23 months. The median overall survival (OS) and progression-free survival (PFS) were 40.6 and 21.1 months for all, respectively. The 1-, 2-, and 3-year OS rates on the whole were 79.6%, 62.1%, and 47.8%. There was no statistical difference in overall response rate and disease control rate between the two groups. Patients treated with nimotuzumab (group A) had better PFS than the definitive CRT group (group B) (P < 0.05). However, the median OS was 41.4 months in group A and 32.4 months in group B, respectively (P = 0.517). Multivariate analysis showed that PFS among those with lower Eastern Cooperative Oncology Group (ECOG) score (HR = 5.11; P < 0.01), stage II (HR = 9.52; P < 0.01) and the application of nimotuzumab combined with CRT (HR = 0.16; P < 0.01) was much longer. Furthermore, ECOG, stage, C-reactive protein (CRP) baseline, and histological grade can also be used as independent predictors of OS. Grade >3 adverse reactions were not observed. The most common adverse event related to nimotuzumab was mild fever and the occurrence rate was 19% (5 of 26). The incidence of anemia was 65.4% in group A and 87.5% in group B (P < 0.05).



Conclusions

For locoregional-advanced CEC, nimotuzumab combined with IMRT and concomitant chemotherapy was tolerated and effective. In addition, patients with a normal pretherapeutic serum CRP level (CRP < 10 mg/L) can achieve better OS.
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Introduction

Cervical esophageal carcinoma (CEC) is relatively rare and accounts for 2%–10% of all esophageal cancers (1). Squamous cell carcinoma is the major pathological type, which occupies 90% of CEC in China (2) and Northern America (3). The cervical esophagus, situated between the lower edge of the cricoid cartilage and the thoracic entrance (suprasternal notch), differs anatomically from other parts of the esophagus. Patients of CEC are often locally advanced with lymph node metastases, because it tends to infiltrate adjacent structures including the hypopharynx, trachea, and thyroid gland. Despite the fact that definitive surgery, particularly pharyngo-laryngo-esophagectomy, has been the initial treatment, the 3-year overall survival (OS) rate of CECs ranges from 24% to 45% (4–6). Moreover, definitive chemoradiotherapy (CRT) came to be a standard treatment modality for locally advanced CEC (LA-CEC) in consideration of the difficulty and complications of surgery and the potential of larynx preservation (7, 8).

In comparison to conventional and three-dimensional (3D) conformal radiotherapy (RT), several studies have shown that intensity-modulated RT (IMRT) provides great advantages in dose escalation, improved target volume coverage, and dose conformity along with reduced normal organ sparing (9–11). With the improvement of diagnosis and treatment techniques, the 5-year survival rate of CEC patients has elevated but still wandering about 30% (12, 13). Therefore, much more emphasis has been laid on the systemic treatment used within concurrent treatment regimens for CEC, such as the molecular targeted therapy. It has been demonstrated that the epidermal growth factor receptor (EGFR) pathway plays an important role in the growth, invasion and metastasis of tumor cells (14). It has also been reported that the overexpression rate of EGFR in esophageal squamous cell carcinoma (ESCC) is nearly 60%–70%, gene amplification 28% (15), and there is a close correlation between overexpression of EGFR and poor prognosis (16), which all indicates that EGFR may be one of the effective targets in the treatment of CEC.

Nimotuzumab, targeted to EGFR, is the recombinant humanized monoclonal antibody, which can strengthen chemotherapy sensibility, enhance RT efficacy, and inhibit tumor growth, metastasis, and local relapse (17). Furthermore, because of its highly human origination, rare adverse effect, and high-level safety, nimotuzumab has already gained good curative effect in many solid tumors (18). Some clinical trials indicated that nimotuzumab plus CRT were safe and provided statistically significant objective response in non-resectable esophageal cancer (19, 20). In addition, nimotuzumab combined with concurrent CRT in patients with unresectable locally advanced hypopharyngeal carcinoma had better short-term efficacy, OS, and progression-free survival (PFS) than patients without using nimotuzumab, with tolerable toxicity (21). Therefore, in this study, we retrospectively analyzed the treatment outcomes and side effects of nimotuzumab in patients with LA-CEC who were receiving concurrent CRT.



Materials and Methods


Patients

This was a retrospective study of CEC patients who underwent concurrent CRT combined with or without nimotuzumab at Ningbo Medical Center Lihuili Hospital from September 2012 to February 2017. A total of 50 patients were reviewed and met the following inclusion criteria: (1) aged between 18 and 75 years old; (2) diagnosed with cervical ESCC by histology or cytology; (3) with Eastern Cooperative Oncology Group (ECOG) ≥ 2; (4) with at least one measured lesion based on the response evaluation criteria in solid tumors (RECIST); (5) with no history of RT or receiving targeted therapy; (6) with no evidence of distant metastases; (7) with no CRT contraindication, no preperforation sign, no primary organs dysfunction, and blood routine test, biochemistry test, and heart and lung function are in basically normal condition. All patients were divided into two groups (Figure 1). Patients in group A (n = 26) received CRT with nimotuzumab, whereas patients in group B (n = 24) received definitive CRT (dCRT) without nimotuzumab. Both the patients and their family members have signed informed consent and this study was approved by the ethics committee of Ningbo Medical Center Lihuili Hospital.




Figure 1 | Enrollment diagram.





Treatment Method


Intensity-Modulated Radiotherapy

All patients received definitive IMRT with 6-MV photon beams. They were immobilized in the supine position by a fixed device and simulated by computed tomography (CT) scan. The range of CT scan was from the first cervical vertebra to under the diaphragm and can be increased by tumor condition. The scan slice thickness was 5 mm with vein injection of contrast agent. Target outline and treatment plans were optimized on the planning CT scan using the Pinnacle treatment planning system (version 9.8, Philips Medical Systems, Andover, MA). The gross tumor volume (GTV) included primary tumor identified by CT scan, barium esophagography and esophagoscope, and regional lymph nodes, which minor axis ≥1.0 cm or minor axis of tracheoesophageal groove lymph node ≥0.5 cm. Clinical target volume (CTV) was defined as the GTV plus a margin of 6 mm all round and of 3 cm in superior and inferior directions, as well as lymphatic involved-field irradiation or elective nodal irradiation, which included upper mediastinal areas and supraclavicular fossa with the upper margin at the caudal edge of cricoid cartilage, inferior margin at the sternal notch. A margin of 5 mm was extended three-dimensionally around CTV and GTV to form the planning target volume (PTV) and planning GTV (PGTV), respectively. The prescribed dose of 60–70 Gy was delivered to PGTV (2.0–2.14 Gy/fraction, five fractions per week) over 5–6 weeks. The prophylactic dose of 50–54 Gy was delivered to PTV (1.8–2.0 Gy/fraction, five fractions per week). The dose received by organs at risk (OAR) was under safety limitations.



Chemotherapy and Targeted Therapy

Platinum-based chemotherapy was administrated either induction chemotherapy or concurrent with RT, with or without adjuvant chemotherapy. The chemotherapy regimens consisted of cisplatin (75 mg/m2 d1-3) plus 5-fluorouracil (800 mg/m2/day, lasted 4 days)/capecitabine (850 mg/m2, bid d1-14), or cisplatin (75 mg/m2 d1-3) plus paclitaxel (135 mg/m2 d1) every 3 weeks. Cisplatin can be replaced by carboplatin (AUC = 5 d1) or nedaplatin (75 mg/m2 d1) because of side effects such as renal toxicity. Patients in group A received concurrent nimotuzumab (200 or 400 mg) intravenously once a week during RT.



Observation Index and Evaluation Criterion

Initial tumor response was evaluated by CT scan and/or esophagography at 1 and 4 months after the completion of treatment, respectively, according to RECIST version 1.1. Follow-up was conducted every 3 months for the first 2 years after treatment, every 6 months for the next 3 years, and annually afterward. Adverse events and toxicities during treatment were assessed and scored according to Radiation Therapy Oncology Group (RTOG) acute toxicity scoring system and Common Toxicity Criteria for Adverse Event (CTCAE version 4.0). The main observational end points were objective response rate (ORR), PFS, and OS. The responses included complete response, partial response, progression of disease, and stable disease. PFS was defined as the time gap from receiving therapy to disease progression, all-cause mortality, or follow-up terminal. OS was defined as the time gap from receiving therapy to all-cause mortality. All patients were followed by telephone and outpatient services.




Statistical Analysis

The Statistical Package for Social Sciences software (version 19.0) was adopted to process data. Chi-square test or Fisher’s exact test is adopted to test the enumeration data. t-Test was adopted to test data with the quantitative data and expressed as x ± s. Locoregional control and survival data were estimated by the Kaplan–Meier method. The log-rank test was used in univariate analysis and the Cox proportional hazards model was used to determine any significant predictors of PFS and OS. P < 0.05 was considered as statistical significance. Variables with P < 0.05 in univariate analysis were selected to be included in multivariate analysis.




Results


Patients and Treatment Characteristics

During 2012–2017, 50 patients (42 male patients and 8 female patients) aged from 38 to 75 years old (median 62 years old) were enrolled in this research. Patient characteristics are shown in Table 1. All patients were pathologically confirmed as squamous cell carcinoma. Clinical stages were classified according to the seventh edition of the American Joint Committee on Center (AJCC) staging system, including 19 stage II cases (38%) and 31 stage III cases (62%). Imaging examinations showed that the median length of lesions was 4.1 cm (2–8 cm), and the median width was 2.5 cm (0.6–4.8 cm). In addition, tumors extended to the hypopharynx in 10 patients.


Table 1 | Characteristics of the patients at baseline.



Ten patients (20%) received induction chemotherapy, and 16 (32%) received adjuvant chemotherapy. Moreover, the combined regimen that included fluorouracil was administrated in 34 patients, whereas the paclitaxel regimen was adopted in 16 patients. All patients were treated with IMRT. The median radiation dose was 66 Gy for PGTV and 52 Gy for PTV. Among 26 patients who received concurrent CRT with nimotuzumab, 22 patients (84.6%) received 200 mg of nimotuzumab per week, 4 (15.4%) received 400 mg per week, and 12 (46.2%) received a total dose of greater than 1,200 mg. The median cycle of nimotuzumab was 6 weeks (4–7 weeks).



Toxicity

Toxicity was recorded according to Nation Cancer Institute CTCAE v4.0. The most common adverse reactions include radiation esophagitis (100%), leucopenia (88%), and anemia (72%). The incidence of anemia was statistically different between the two groups (65.4% vs. 87.5%, P < 0.05). Grade 3 of radiation pneumonitis and leucopenia were observed in 2 and 10 patients respectively, but there was no difference in incidence between the two groups. No patients developed tracheoesophageal fistula during or after RT. The most common adverse event related to nimotuzumab was mild fever and the occurrence rate was 10% (5 of 50). Other adverse events including polyserositis, diarrhea, intestinal fungal infection, and electrolyte disturbance were sporadic. None of grade 4 toxicity was occurred in all patients. Patients from both groups were generally well tolerated by treatment. Specific adverse events were shown in Table 2.


Table 2 | Treatment-related adverse events in 50 patients.





Therapeutic Effectiveness

All patients have finished short-term curative effect evaluation (Table 3). The assessment was performed at 1 and 4 months after finishing concurrent CRT. The first evaluation result showed that an overall ORR was 64% (32 of 50), compared with 73% (19 of 26) for group A and 54% (13 of 24) for group B. The disease control rate (DCR) for all cases was 98% (49 of 50), 96% (25 of 26) for group A and 100% (24 of 24) for group B. The second evaluation showed that the ORR was 78% with DCR and was 90% for all patients. There were no significant differences in ORR and DCR rates between the two groups at two different assessment times (P > 0.05).


Table 3 | Response to treatment.





Survival Analysis

All patients were followed up until death or the time of the last follow-up evaluation. The terminal follow-up date was November 2020, and the period ranged from 5 to 53 months (the median follow-up period: 23 months). The median OS and PFS were 40.6 and 21.1 months for all, respectively. The median OS and PFS in group A and group B were 41.4 vs. 30.9 m (P = 0.517), and 32.4 vs. 12.1 m (P = 0.048), respectively. In addition, the 1-, 2-, and 3-year OS rates of the whole were 79.6%, 62.1%, and 47.8%. The 1- and 3-year OS rates were 79.4% and 49.8% in group A, and 78.8% and 38.4% in group B. The 1-year PFS rate was 70.9% in group A, compared with 48.1% in group B (Figure 2).




Figure 2 | Kaplan–Meier curve of OS (A) and PFS (B) for all patients. Kaplan–Meier curve of progression-free survival for all patients. Kaplan–Meier analysis of OS (C) and PFS (D) in group A and group B.



The underlying correlation analysis toward OS and PFS was performed. Log-rank univariate analysis showed that the OS was associated with ECOG score, histological grade, tumor length, stage, and C-reactive protein (CRP) baseline before treatment, whereas PFS was related to ECOG, histological grade, stage, adjuvant chemotherapy and CRP baseline, and the application of nimotuzumab (Table 4). Further Cox multivariate analysis was presented in Table 5. As a result, ECOG, histological grade, stage, and CRP baseline were independent prognostic factors for OS. Compared to patients with lower ECOG, stage II, and the combined application of nimotuzumab, the PFS among those with higher ECOG, stage III, and concurrent CRT was much shorter.


Table 4 | Univariate analyses of clinical parameters of OS and PFS in overall patients.




Table 5 | Multivariate analyses of clinical parameters of OS and PFS in overall patients.






Discussion

Considering the low incidence and dismal prognosis of CEC, research on treatment is relatively restricted. The efficacy and safety of nimotuzumab combined with IMRT and concurrent chemotherapy in LA-CEC have been investigated for the first time in this trial. The malignant potential of CEC is not higher than that of other regions of esophageal carcinoma, according to Saeki et al. (22). They also discovered that women were more prevalent in the CEC group than in the thoracic or abdominal esophageal cancer groups, and that females and males had biological disparities. The majority of CECs are locally progressed at the time of initial diagnosis, with 55% of stage III or IV and 27% of stage II (12, 23, 24).

So far, the optimal method of treating CEC is still controversial. Historically, surgery has been a radical procedure, but it has not been widely accepted due to its negative impact on patients’ quality of life, such as dysfunction of speech and swallowing. RT plays an irreplaceable role in local therapy of esophageal carcinoma, whereas chemotherapy can control disease progression systemically. Therefore, noninvasive therapeutic strategies such as RT with or without chemotherapy are gradually introduced. Takebayashi et al. compared dCRT and curative resection as initial treatment in patients with resectable CEC and found that the 5-year OS rates were 51.4% and 60.6%, respectively (P = 0.89), implying that these two strategies had comparable survival outcomes (25). They also proposed that some patients with residual tumor in dCRT group who underwent salvage surgery achieved a similar 5-year survival rate as those in the surgery group. Furthermore, several studies have looked into the advantages of IMRT in CEC (26–28). Compared with 2D-RT and 3D conformal RT, IMRT combined with concurrent chemotherapy had reduced incidence of late toxicity and accomplished better OS rate (9, 29). However, there was no big breakthrough in OS for LA-CEC.

As the cervical esophagus is located at the junction of the hypopharynx and thoracic esophagus, its treatment schedule is sometimes referred to squamous cell carcinoma of the head and neck. In unresectable locally advanced hypopharyngeal cancer patients, Tian et al. observed that utilizing nimotuzumab in combination with induction chemotherapy and concurrent CRT resulted in better short-term efficacy, as well as improved OS and PFS, than patients who did not receive nimotuzumab (21). The EGFR pathway has been involved in the pathogenesis and development of epithelioma, including esophageal cancer. It has been indicated that overexpression of EGFR is quite common in ESCC, which has profound correlations with prognosis (15, 16, 30). However, the multicenter phase II/III SCOPEI trail and the randomized phase III RTOG 0436 trail found no improvement in OS when esophageal cancer patients received dCRT with or without cetuximab, probably due to its toxicity (31, 32), whereas some scholars have noted a difference in DCRs of 75% and 57%, respectively, and median OS of 9.5 and 5.5 months for standard chemotherapy with or without cetuximab in metastatic ESCC (33). Another anti-EGFR monoclonal antibody, nimotuzumab, has shown promising results in a variety of solid tumors, such as head and neck neoplasm, non–small cell lung cancer, neuroglioma, and pancreatic cancer (34–37). Various studies have been focused on the curative effect of nimotuzumab combined with RT or CRT in esophageal carcinoma, and the majority of the results appeared to be favorable (19, 38). In a prospective phase II clinical trial conducted in China, 56 patients with unresectable locally advanced or metastatic ESCC were enrolled (39). With an ORR of 51.8% and the median OS of 20.2 months, combining nimotuzumab with paclitaxel and cisplatin resulted in a stronger antitumor effect. Among 29 patients with local regional ESCC, the ORR was 41.4% and median OS had not yet been reached. A retrospective study conducted by Ma et al. analyzed 66 ESCC patients who received nimotuzumab in combination with RT or CRT (40). The result turned out that the median OS was 26.0 months and the median PFS was 16.7 months. Moreover, the 2-year OS, PFS, and local control rates were 54%, 37%, and 80%, respectively. Another retrospective study evaluated the safety and efficacy of nimotuzumab in combination with chemotherapy in patients with locally advanced or metastatic esophageal cancer (41). It revealed promising clinical outcomes with DCR of 81% and median OS of 18 months. In these investigations, nimotuzumab had less toxicity than cetuximab, especially in the case of skin rashes. There were no toxic reactions of grades 3–4 either.

Thus, it is necessary to investigate whether nimotuzumab in combination with CRT has the same efficacy in cervical as it does in thoracic and abdominal esophageal cancer. In this trial, patients in nimotuzumab group had equivalent ORR and DCR in early efficacy assessments in comparison with the CRT group. Although there was no significant difference in median OS between the two groups, the median PFS in the combination group was superior to that in the CRT group (P < 0.05). Nimotuzumab combined with concurrent CRT manifested good tolerance, with no therapy-related death. Mild fever was the most common adverse event associated with nimotuzumab with an occurrence rate of 10% (5 of 50). Only 1 patient out of 50 had a slight rash in the back, which disappeared spontaneously. Additionally, acne-like rash, the most common adverse event caused by EGFR-targeted therapies (42), was not observed and the underlying reason might be related to the relatively lower affinity and less binding avidity of nimotuzumab (18). Crombet and his colleagues (43) created a mathematical model that predicted the greatest difference between the area under the curve (AUC) of tumors (high tumor uptake) and normal tissues (low uptake) when the antibody had a moderate affinity (10−8 to 10−9 M), and the affinity of nimotuzumab was within this optimal range. In contrast to cetuximab, nimotuzumab can selectively bind to cells expressing moderate to high EGFR levels. In normal tissues with low EGFR expression, nimotuzumab binding interaction is transient, thus avoiding severe dose-limiting toxicity. However, both antibodies revealed similar tumor growth inhibiting in tumor tissue with high EGFR expression (44). We also discovered that the application of nimotuzumab might reduce the incidence of anemia, which has not been reported in other previous studies. Multivariate analysis revealed that CEC patients with a higher ECOG score, lower histological grade, and earlier stage had a better OS, which was in accordance with the prior research (45). Interestingly, our research also found that patients with normal CRP baseline (CRP ≤ 10 mg/L) can achieve better OS than those with CRP >10. According to certain studies, serum CRP concentration before treatment can be a predicted factor of curative response toward neoadjuvant CRT among local advanced esophageal carcinoma patients (46). Patients with normal CRP levels had significant survival advantage over those with high levels. Meta-analysis also demonstrated that esophageal carcinoma patients with a medium or high level of CRP had much worse OS than those of normal CRP (47); thus, we speculate that patients with normal pretherapeutic CRP levels will benefit more from the nimotuzumab treatment.

It is unfortunate that this research did not find the correlations between curative effect and the dose and period of nimotuzumab. Studies of Xu et al. (48) and Wang et al. (49) showed that it can benefit more if one received >6 cycles and >200 mg per week. Another phase I research about step-up dosage of nimotuzumab combined with CRT showed that 400 mg of nimotuzumab per week with RT was a safe and tolerable dosage for esophageal patients with advanced stage and the adverse event did not increase significantly (50). Therefore, larger samples are needed to be included to demonstrate whether the increase in dosage is proportional to the curative effect.



Conclusion

In summary, nimotuzumab combined with CRT is safe and tolerable with favorable survival outcomes in LA-CEC. In addition, patients with a normal serum CRP level (CRP <10 mg/L) before treatment can have better OS.
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