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Purpose

To investigate the treatment response and toxicity of the combination of induction chemotherapy (IC) and PD-1 inhibitor in locally advanced nasopharyngeal carcinoma (LANPC).





Methods

Patients with stage III–IVA NPC who received IC or IC + PD-1 inhibitor were included. The chi-square test and multivariate logistic regression analysis were used for statistical analysis.





Results

A total of 225 patients were identified, including 193 (85.8%) and 32 (14.2%) who received IC alone and IC + PD-1 inhibitor, respectively. The addition of PD-1 inhibitor to IC significantly improved the tumor response than those treated with IC alone. The complete response (CR), partial response, stable disease, and progressive disease rates of 4.7% vs. 31.3%, 69.4% vs. 62.5%, 24.9% vs. 6.3%, and 1.0% vs. 0% in patients receiving IC alone and IC + PD-1 inhibitor, respectively (P<0.001). The results of the multivariate logistic regression showed that receiving PD-1 inhibitor was an independent predictor influencing the CR rate of patients (odds ratio 9.814, P<0.001). The most common toxicity by using IC and PD-1 inhibitor was hematological toxicity. In terms of non-hematological toxicity, 7 (21.9%) patients experienced thyroid dysfunction and all of them were hyperthyroidism. No grade 5 toxicities were found. In those who received IC and PD-1 inhibitor, the one-year locoregional recurrence-free survival, distant metastasis-free survival, disease-free survival, and overall survival were 100%, 96.9%, 96.9%, and 100%, respectively.





Conclusion

The addition of PD-1 inhibitor to IC has promise as an effective treatment approach for LANPC. More studies are expected to provide further insights into the optimal use of this treatment strategy, paving the way for more personalized and effective treatment options for patients with LANPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor originating from the epithelial cells of the nasopharynx. It is relatively rare worldwide but has a higher incidence in certain regions, particularly Southeast Asia, including China (1). There were approximately 70% of patients diagnosed with locally advanced nasopharyngeal carcinoma (LANPC) (2). The optimal treatment approach for LANPC according to the current guidelines is induction chemotherapy (IC) following concurrent chemoradiotherapy (CCRT), with a 5-year overall survival (OS) rate of approximately 85% (3). However, there were approximately 20% of patients may develop disease recurrence after comprehensive treatment, especially for those with inferior response to IC (4–6). According to the second analysis from the prospective trial, those with complete response (CR) to IC had significantly lower recurrence rates and higher survival rates (5). However, the CR rate was only 2.8–11.3% after IC in several prospective studies (5, 7, 8).

Immunotherapy has emerged as a transformative treatment approach for various malignancies, including NPC (9). The rationale behind immunotherapy in NPC lies in the unique immunogenicity and immune evasion mechanisms associated with the disease. NPC is characterized by a high frequency of Epstein-Barr virus (EBV) association, which induces the upregulation of immune checkpoint proteins, such as programmed cell death ligand-1 (PD-L1), leading to immune evasion. Immunotherapeutic agents targeting these immune checkpoints, particularly anti-PD-1/PD-L1 antibodies, have demonstrated remarkable efficacy in NPC (10–12). Several phase III studies have shown that chemotherapy plus PD-1 inhibitor had a significantly higher clinical response, progression-free survival (PFS), and OS compared to those treated with chemotherapy alone (10–12). The unique epidemiology, pathogenesis, and treatment challenges associated with NPC have prompted the exploration of novel therapeutic approaches, including the integration of IC and PD-1 inhibitor in LANPC. Therefore, this study aimed to investigate the treatment response, toxicity, and short-term survival of the combination of IC and PD-1 inhibitor in LANPC.





Materials and methods




Patients

We retrospectively collected data from LANPC patients who were treated at our institution from January 2019 to September 2023. Patients who met the following criteria were included: 1) histologically confirmed NPC; 2) diagnosed with LANPC (stage III-IVA disease) according to the 8th edition of the American Joint Committee on Cancer staging system); 3) received induction therapy including two-three cycles of IC and PD-1 inhibitor. We excluded patients with the following criteria: 1) underwent surgical treatment to the primary nasopharyngeal tumors and/or the metastatic cervical lymph nodes; 2) had second primary cancers simultaneously diagnosed with NPC or had other malignancy before NPC diagnosis. This study was approved by the Institutional Review Board of the First Affiliated Hospital of Xiamen University and informed consent was obtained from all the patients before treatment (approval number: 2023050).





Variables

We include the following variables in the analysis: age, gender, smoking history, alcohol history, histology, clinical stage, tumor (T) stage, nodal (N) stage, IC regimen, PD-1 inhibitor as well as the plasma EBV-DNA levels before and after the induction treatment.





Treatment

In our institution, the IC regimens included the TPF (docetaxel 75 mg/m2 or nab-paclitaxel 260mg/m2 on day 1, cisplatin 25 mg/m2 on days 1–3, and 5-FU 600–750 mg/m2 per day as a continuous 120 hours infusion or S1 capsules 40 mg/m2 bid on day 1–14), TP (docetaxel 75 mg/m2 or nab-paclitaxel 260mg/m2 on day 1, cisplatin 25 mg/m2 on days 1–3), or GP regimens (gemcitabine 1000 mg/m2 on days 1 and 8, cisplatin 25 mg/m2 on days 1–3). We added the PD-1 inhibitor including Camrelizumab (200 mg on day 1) or Tislelizumab (200 mg on day 1) into IC during the phase of induction therapy. Pegylated recombinant human granulocyte colony-stimulating factor could be used for the prevention of bone marrow suppression.

All patients began definitive CCRT within three weeks after the completion of induction therapy. Radiotherapy was delivered using volumetric modulated arc therapy or helical tomotherapy. Target volumes were delineated following guidelines from the Chinese Society of Clinical Oncology (CSCO) and our institution (13, 14). We primarily delineated the grosstumor volume in the nasopharynx (GTVp), gross tumor volume in the neck (GTVn), high-risk clinical target volume in the neck (CTVn1) (GTVn + 3 mm, with corresponding modifications made when adjacent to important organs at risk [OARs]), high-risk clinical target volume (CTVp1) (GTVp + 5–10mm, with corresponding modifications made when adjacent to important OARs), and low-risk clinical target volume (CTV2) (CTVp1 + 5–10 mm and cervical lymph nodes, with corresponding modifications made based on the extent of tumor invasion or proximity to important OARs). The total radiation dose for GTVp, GTVn, CTVn1, CTVp1, and CTVp2 was 70.29 Gray (Gy), 70.29 Gy, 62.04 Gy, 62.04 Gy, and 56.10 Gy, respectively, delivered in 33 fractions given five times per week. GTVp and GTVn were delineated according to the tumor area after IC, while the extent of bone and paranasal sinus infiltration was delineated based on the tumor area before IC. Concurrent chemotherapy was recommended and cisplatin (80 mg/m2 given on days 1–3, every 3 weeks) or lobaplatin (30 mg/m2 on day 1, every 3 weeks) were used with a total of two cycles.





Assessment of treatment response

The effectiveness evaluation after induction therapy was performed using the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Two experienced radiation oncologists (SGW) and radiologists (YKS) evaluated the changes in the imaging of the primary nasopharyngeal tumors and the metastatic cervical lymph nodes before and after induction therapy. The evaluation criteria include CR, partial response (PR), stable disease (SD), and progressive disease (PD). The overall response rate (ORR) was calculated as the sum of CR and PR.





Assessment of treatment toxicity

Acute toxicities during induction therapy were graded according to the Common Terminology Criteria for Adverse Events version 4.0. The toxicities related to PD-1 inhibitor were also evaluated at each treatment cycle according to the guidelines (15).





Follow-up

In this study, survival data were collected retrospectively by reviewing medical records. All patients underwent regular follow-up assessments, including monitoring EBV-DNA levels, MRI, chest CT scans, and abdominal sonography every three months for a minimum of three years. Immediate imaging examinations, such as PET/CT, were conducted for patients showing signs of disease progression. The endpoints analyzed included locoregional recurrence-free survival (LRFS), distant metastasis-free survival (DMFS), disease-free survival (DFS), and OS. LRFS was defined as the time from diagnosis to the occurrence of locoregional recurrence, while DMFS was the time from diagnosis to the occurrence of distant metastasis. DFS was defined as the time from diagnosis to the occurrence of locoregional relapse, distant metastasis, or death from any cause, whichever occurred first. OS duration was determined as the time from diagnosis to the date of death from any cause or the last recorded date when the patient was known to be alive.





Statistical analysis

The differences in patient characteristics between the two treatment arms were compared using the chi-square test or Fisher’s exact test. Multivariate logistic regression analysis was used to determine the independent factors influencing the CR rate after induction therapy. The survival curves were plotted using the Kaplan-Meier method. Statistical analysis in this study was conducted using the IBM SPSS 26.0 software package (IBM Corp., Armonk, NY), with a significance level of P <0.05 indicating statistical significance.






Results




Patient characteristic

A total of 225 patients were included in this study (Table 1). Among these patients, 166 (72.5%) were male, 204 (90.7%) were WHO type III subtype, 163 (72.4%) were at T3–4 stage, 175 (77.8%) were at N2–3 stage, and 201 (89.3%) had detectable EBV-DNA before treatment. Regarding induction treatment, 43 (19.1%), 119 (52.9%), and 63 (28.0%) received GP, TP, and TPF regimens, respectively. There were 193 (85.8%) patients treated with IC alone and 32 (14.2%) patients received IC + PD-1 inhibitor. Of those receiving PD-1 inhibitor, 17 (53.1%) received Camrelizumab, and 15 (46.9%) received Tislelizumab. There were no significant differences in age, gender, smoking history, alcohol history, T stage, N stage, histological subtype, and EBV-DNA levels between patients receiving IC and IC + PD-1 inhibitor (Table 1).


Table 1 | Patient characteristics between those treated with induction chemotherapy alone and induction chemotherapy plus PD-1 inhibitor.







Treatment response

All patients underwent efficacy evaluation after induction therapy (Figure 1A). The addition of PD-1 inhibitor to IC significantly improved the tumor response than those receiving IC alone. The CR, PR, SD, and PD rates of 4.7%, 69.4%, 24.9%, and 1.0%, respectively, for those treated with IC alone. In those with IC + PD-1 inhibitor, the CR, PR, SD, and PD rates were 31.3%, 62.5%, 6.3%, and 0%, respectively (P<0.001). There was a significant difference in ORR between those treated with IC alone and IC + PD-1 inhibitor (74.1% vs. 93.8%, P=0.012). Figure 2 shows a patient who achieved CR after IC + PD-1 inhibitor.




Figure 1 | Treatment response between induction chemotherapy alone and induction chemotherapy plus PD-1 inhibitor in the entire cohort (A), primary nasopharyngeal tumors (B), and metastatic cervical lymph nodes (C).






Figure 2 | A patient who achieved complete response after induction chemotherapy plus PD-1 inhibitor (A, primary nasopharyngeal tumors before induction therapy [orange arrow]; B, complete response to primary nasopharyngeal tumors after induction therapy [orange arrow]; C, metastatic cervical lymph node before induction therapy [blue arrow]; D, complete response to metastatic cervical lymph node after induction therapy [blue arrow]).



We also evaluated the primary nasopharyngeal tumors and metastatic cervical lymph nodes separately. The addition of PD-1 inhibitor to IC also significantly improved the response to the primary nasopharyngeal tumors (P<0.001) (Figure 1B) and metastatic cervical lymph nodes (P=0.002) (Figure 1C), respectively. Regarding ORR, IC + PD-1 inhibitor could improve the ORR of metastatic cervical lymph nodes than those treated with IC alone (P=0.001), but there was a similar ORR for primary nasopharyngeal tumors between the treatment arms (P=0.386).





Predictive factors associated with complete response after induction therapy

We conducted a multivariate logistic regression analysis to assess the independent predictors influencing the CR rate of patients after induction therapy (Table 2). The results revealed that receiving PD-1 inhibitor was an independent predictor influencing the CR rate of patients (odds ratio [OR] 9.814, 95% confidence interval [CI] 3.464–27.804, P<0.001). We also found that the CR rate of stage III patients was significantly higher than that of stage IVA patients (OR 3.886, 95% CI 1.269–11.906, P=0.017). The sensitivity analyses also showed that the additional PD-1 inhibitor to IC was the independent predictor influencing the CR of the primary nasopharyngeal tumors (OR 5.378, 95% CI 2.413–11.989, P<0.001) (Table 3) and metastatic cervical lymph nodes (OR 3.317, 95% CI 1.492–7.374, P=0.003) (Table 4).


Table 2 | Multivariate logistic regression analysis for independent predictors influencing the complete response rate of the entire cohort.




Table 3 | Multivariate logistic regression analysis for independent predictors influencing the complete response rate to primary nasopharyngeal tumors.




Table 4 | Multivariate logistic regression analysis for independent predictors influencing the complete response rate to metastatic cervical lymph nodes.







Toxicity

We assessed the treatment toxicities in those receiving PD-1 inhibitor (n=32) (Figure 3). Regarding hematological toxicity, 11 (34.4%), 6 (18.8%), 3 (9.4%), and 3 (9.4%) patients experienced anemia, thrombocytopenia, leukopenia, and neutropenia, respectively. Five patients (15.7%) experienced grade 3–4 hematological toxicity, but all returned to normal after symptomatic treatment.




Figure 3 | The percentage of acute toxicities during induction chemotherapy plus PD-1 inhibitor treatment (ALT, alanine aminotransferase; AST, aspartate aminotransferase; RCCEP, reactive cutaneous capillary endothelial proliferation) (*17 patients received treatment with Camrelizumab).



In terms of non-hematological toxicity, 7 (21.9%), 7 (21.9%), 5 (15.6%), and 2 (6.3%) patients experienced alanine aminotransferase elevation, thyroid dysfunction, aspartate aminotransferase elevation, and creatinine elevation, respectively, all of which were grade 1 or 2 toxicities without any grade 3 or higher toxicities were found.

Among the 17 patients who received treatment with Camrelizumab, three patients (17.6%) experienced reactive cutaneous capillary endothelial proliferation, all of which were grade 1 or 2. One patient (3.1%) developed scattered rashes during treatment but improved after symptomatic treatment.





Short-term survival

In those treated with IC and PD-1 inhibitor, all patients received and completed the recommended radiotherapy and concurrent chemotherapy. The median follow-up period was 17.0 months (range, 9–37 months). One patient experienced an elevation of plasma EBV-DNA levels 7.3 months after NPC diagnosis, and PET/CT confirmed thoracic vertebral metastasis. The patient received a combination of Tislelizumab and the GP regimen. After two cycles of treatment, EBV-DNA became undetectable, and PET/CT showed no metabolic activity in the thoracic vertebral metastases. At the time of data publication, the patient had completed the fifth cycle of treatment. Another patient was diagnosed with primary hepatocellular carcinoma 17.9 months after NPC diagnosis and underwent surgical treatment. None of the patients experienced locoregional recurrence or death during the follow-up period. The one-year LRFS, DMFS, DFS, and OS were 100%, 96.9%, 96.9%, and 100%, respectively (Figure 4).




Figure 4 | Kaplan-Meier curve of locoregional recurrence-free survival (A), distant metastasis-free survival (B), disease-free survival (C), and overall survival (D) in patients receiving induction chemotherapy plus PD-1 inhibitor.








Discussion

Currently, the recommendation for PD-1 inhibitor in NPC mainly focuses on recurrent or metastatic patients and shows improved tumor response rates and survival rates compared to those treated with chemotherapy alone (9–12). Theoretically, integrating PD-1 inhibitor into the induction therapy may achieve a better response for LANPC compared to those treated with IC alone. To test this hypothesis, we explored the clinical response and toxicity of IC + PD-1 inhibitor in patients with LANPC. We found that adding PD-1 inhibitor to IC significantly improved the CR of patients while maintaining acceptable treatment toxicities.

The response to IC is closely associated with the survival of patients. Results from the secondary analysis of the prospective study have shown that patients achieving a CR after IC with a GP regimen have significantly better OS than those with PR or SD/PD, with 5-year OS of 100%, 88.4%, and 61.5% respectively (P=0.005) (5). Achieving a CR is crucial in cancer treatment as it indicates the eradication of visible tumor cells and is associated with improved long-term outcomes. However, it should be noted that in prospective studies, the CR rates after GP, TPF, and TP regimen were only 10% (5), 11.3% (8), and 2.8% (7), respectively. Several retrospective studies, including ours, have also found that the CR rate after IC did not exceed 5% (6, 16). In this study, the CR rate was only 4.8% in patients receiving IC, which was consistent with the findings of the above studies. However, when we added PD-1 inhibitor to IC, the CR rate reached 34.4%, and the ORR after induction therapy reached 93.8%. In two prospective studies combining the GP regimen with Tislelizumab, the overall CR rate was 41.3–50.0%, and the ORR was 88.9% to 95.8% (17, 18). Based on our results and the findings of the above prospective studies, integrating PD-1 inhibitor into induction therapy may improve the CR rate and potentially have an impact on survival outcomes.

Our study further showed that the CR rate was 56.3% and 43.8% in the primary nasopharyngeal tumors and metastatic cervical lymph nodes after IC + PD-1 inhibitor, respectively. Furthermore, adding PD-1 inhibitor was identified as an independent predictive factor affecting the CR rate of patients. Currently, there is still a lack of separate evaluations of responses to IC + PD-1 inhibitor in prospective studies. A retrospective study by Xiang et al. found that adding PD-1 inhibitor to IC significantly improved the CR rate of the primary nasopharyngeal tumors (0.8% vs. 14%, P<0.001) and metastatic cervical lymph nodes (22.3% vs. 36.8%, P=0.021) compared to IC alone. However, for patients receiving IC with the GP regimen, adding PD-1 inhibitor only improved the CR rate of the primary nasopharyngeal tumors (17.0% vs. 1.5%, P=0.002), while it did not affect the CR rate of metastatic cervical lymph nodes (31.9% vs. 27.3%, P=0.400) (19). In our previous study, we found that patients achieving CR in the primary nasopharyngeal tumors or metastatic cervical lymph nodes after IC had better progression-free survival (6). Therefore, in the era of immunotherapy, more studies are required to assess the effect of treatment response to IC + PD-1 inhibitor on survival outcomes in LANPC.

Several prospective studies on head and neck cancer have found that adding PD-1/PD-L1 inhibitor (Pembrolizumab or Avelumab) to CCRT and subsequent maintenance PD-1/PD-L1 inhibitor for one year did not significantly improve survival outcomes compared to those treated with CCRT alone (20, 21). However, patients enrolled in both studies did not receive induction therapy, therefore the response to IC and PD-1 inhibitor could not be evaluated. Since cervical lymph nodes are a standard target volume for radiotherapy of the NPC, radiation to the lymph node drainage area may impair the immune response caused by PD-1 antibodies. Therefore, initiating PD-1 inhibitor treatment before radiotherapy may better activate the immune system and enhance the efficacy of immunotherapy. For LANPC patients, initial findings from the CONTINUUM study suggested that the use of Sintilimab (PD-1 inhibitor) in combination with IC, CCRT, and adjuvant therapy significantly improves the 3-year event-free survival rate compared to those treated with IC plus CCRT (86.1% vs. 76.0%) (22). In our study, we found short-term survival was excellent by using IC and PD-1 inhibitor with a median follow-up time of 17.0 months. Several studies have shown that chemotherapy could induce antigen presentation and induce expression of immune checkpoints (23). In addition, chemotherapeutic agents-induced immunogenic cell death and their immune stimulation activity are considered the main mechanisms of combination therapy (24). Therefore, early initiation of immunotherapy may be beneficial in LANPC.

In this study, 53.1% of patients received treatment with Camrelizumab, and 46.9% received treatment with Tislelizumab. Multivariate analysis showed no significant difference in the CR rate between the two PD-1 inhibitors. Li et al. found that IC with GP regimen had an immune modulation effect in LANPC and did not weaken the cytotoxic activity and proliferative capacity of T cells (25). In addition, the effects of nab-paclitaxel on modulation of the cancer-immunity cycle provide potential avenues for a combined therapeutic rationale to improve the efficacy of PD-1 inhibitor (26). Several studies on lung and breast cancer have shown that the combination of nab-paclitaxel and PD-1 inhibitor results in significantly better survival than nab-paclitaxel alone (27, 28). The use of corticosteroids in immunotherapy may affect the efficacy of PD-1 inhibitors, while paclitaxel and docetaxel often require corticosteroid pretreatment. Therefore, the combination of nab-paclitaxel and PD-1 inhibitor may have advantages. Currently, we are conducting a prospective Phase II study to explore the impact of the TPF regimen based on nab-paclitaxel combined with Camrelizumab on tumor response rate and survival in patients with LANPC.

In this study, the common toxicities were hematological toxicity and liver function damage, which were similar to the common toxicities of chemotherapy. Thyroid dysfunction is a common toxicity to PD-1 inhibitor, especially hypothyroidism (29, 30). In this study, we observed that 21.9% of patients experienced hyperthyroidism during IC and PD-1 inhibitor, and no cases of hypothyroidism were observed. The study by Zhang et al. also found that out of 25 patients, 9 (36%) had thyroid dysfunction, with 8 patients having hyperthyroidism and 1 patient having hypothyroidism (18). Studies on NPC and lung cancer have found that patients who experience thyroid dysfunction during PD-1 inhibitor treatment have better disease control rates (29, 30). However, due to the small sample size, we did not observe the correlation between thyroid dysfunction and the CR rate of patients. In the future, more samples need to be accumulated to explore the correlation between thyroid dysfunction and the efficacy of treatment in patients.

We needed to acknowledge several limitations of our study. First, the combination of IC and PD-1 inhibitor has not yet been approved for LANPC, and our study only included a small sample size. Second, the recording of toxicities during treatment may be insufficient due to the retrospective analysis. Therefore, we did not compare the differences in adverse reactions between IC and IC combined with PD-1 inhibitor. However, based on the results from the prospective randomized controlled studies (10–12), the incidence of all adverse events, grade 3 or greater adverse events, and fatal adverse events were similar between those treated with GP and GP + PD-1 inhibitor in recurrent or metastatic NPC. Third, the immune infiltration characteristics such as PD-L1 expression were not routinely assessed in patients with LANPC in our institution, thus we were unable to evaluate the relationship between the CR rate and PD-L1 expression status. However, several prospective randomized controlled studies in recurrent or metastatic NPC have found no significant correlation between baseline PD-L1 expression and objective response rate or progression-free survival (10–12). Finally, our study has a relatively short follow-up time, and a longer follow-up is needed to clarify the impact of a combination of IC and PD-1 inhibitor on the survival of patients.





Conclusions

In conclusion, the addition of PD-1 inhibitor to IC has promise as an effective treatment approach for LANPC. More studies are expected to provide further insights into the optimal use of this treatment strategy, paving the way for more personalized and effective treatment options for patients with LANPC.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The First Affiliated Hospital of Xiamen University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

Y-FY: Writing – original draft, Visualization, Validation, Supervision, Software, Resources, Project administration, Methodology, Investigation, Funding acquisition, Formal analysis, Data curation, Conceptualization. G-ZL: Writing – original draft, Visualization, Validation, Supervision, Software, Resources, Project administration, Methodology, Investigation, Funding acquisition, Formal analysis, Data curation, Conceptualization. R-JW: Writing – review & editing, Visualization, Validation, Supervision, Software, Resources, Project administration, Methodology, Investigation, Funding acquisition, Formal analysis, Data curation, Conceptualization. Y-KS: Writing – review & editing, Visualization, Validation, Supervision, Software, Resources, Project administration, Methodology, Investigation, Funding acquisition, Formal analysis, Data curation, Conceptualization. S-GW: Writing – review & editing, Visualization, Validation, Supervision, Software, Resources, Project administration, Methodology, Investigation, Funding acquisition, Formal analysis, Data curation, Conceptualization.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

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

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





References

1. Zhang, Y, Rumgay, H, Li, M, Cao, S, and Chen, W. Nasopharyngeal cancer incidence and mortality in 185 countries in 2020 and the projected burden in 2040: population-based global epidemiological profiling. JMIR Public Health Surveill. (2023) 9:e49968. doi: 10.2196/49968

2. Pan, JJ, Ng, WT, Zong, JF, Chan, LL, O'Sullivan, B, Lin, SJ, et al. Proposal for the 8th edition of the AJCC/UICC staging system for nasopharyngeal cancer in the era of intensity-modulated radiotherapy. Cancer. (2016) 122:546–58. doi: 10.1002/cncr.29795

3. Chen, YP, Ismaila, N, Chua, MLK, Colevas, AD, Haddad, R, Huang, SH, et al. Chemotherapy in combination with radiotherapy for definitive-intent treatment of stage II-IVA nasopharyngeal carcinoma: CSCO and ASCO guideline. J Clin Oncol. (2021) 39:840–59. doi: 10.1200/JCO.20.03237

4. Xu, C, Yang, KB, Feng, RJ, Chen, L, Du, XJ, Mao, YP, et al. Radiotherapy interruption due to holidays adversely affects the survival of patients with nasopharyngeal carcinoma: a joint analysis based on large-scale retrospective data and clinical trials. Radiat Oncol. (2022) 17:36. doi: 10.1186/s13014-022-02006-5

5. Zhang, Y, Chen, L, Hu, GQ, Zhang, N, Zhu, XD, Yang, KY, et al. Final overall survival analysis of gemcitabine and cisplatin induction chemotherapy in nasopharyngeal carcinoma: A multicenter, randomized phase III trial. J Clin Oncol. (2022) 40:2420–5. doi: 10.1200/JCO.22.00327

6. Lian, CL, Zhou, R, Zhou, Y, Zhou, P, and Wu, SG. Assessment of response to different induction chemotherapy regimens in locally advanced nasopharyngeal carcinoma. Drug Des Devel Ther. (2023) 17:551–62. doi: 10.2147/DDDT.S399937

7. Wang, Y, Wang, C, He, S, Bai, L, Kong, F, Wang, S, et al. Induction chemotherapy regimen of docetaxel plus cisplatin versus docetaxel, cisplatin plus fluorouracil followed by concurrent chemoradiotherapy in locoregionally advanced nasopharyngeal carcinoma: Preliminary results of an open-label, noninferiority, multicentre, randomized, controlled phase 3 trial. EClinicalMedicine. (2022) 53:101625. doi: 10.1016/j.eclinm.2022.101625

8. Peng, H, Chen, L, Li, WF, Guo, R, Mao, YP, Zhang, Y, et al. Tumor response to neoadjuvant chemotherapy predicts long-term survival outcomes in patients with locoregionally advanced nasopharyngeal carcinoma: A secondary analysis of a randomized phase 3 clinical trial. Cancer. (2017) 123:1643–52. doi: 10.1002/cncr.30520

9. Huang, H, Yao, Y, Deng, X, Huang, Z, Chen, Y, Wang, Z, et al. Immunotherapy for nasopharyngeal carcinoma: Current status and prospects (Review). Int J Oncol. (2023) 63:97. doi: 10.3892/ijo.2023.5545

10. Yang, Y, Qu, S, Li, J, Hu, C, Xu, M, Li, W, et al. Camrelizumab versus placebo in combination with gemcitabine and cisplatin as first-line treatment for recurrent or metastatic nasopharyngeal carcinoma (CAPTAIN-1st): a multicentre, randomised, double-blind, phase 3 trial. Lancet Oncol. (2021) 22:1162–74. doi: 10.1016/S1470-2045(21)00302-8

11. Yang, Y, Pan, J, Wang, H, Zhao, Y, Qu, S, Chen, N, et al. Tislelizumab plus chemotherapy as first-line treatment for recurrent or metastatic nasopharyngeal cancer: A multicenter phase 3 trial (RATIONALE-309). Cancer Cell. (2023) 41:1061–1072.e4. doi: 10.1016/j.ccell.2023.04.014

12. Mai, HQ, Chen, QY, Chen, D, Hu, C, Yang, K, Wen, J, et al. Toripalimab plus chemotherapy for recurrent or metastatic nasopharyngeal carcinoma: the JUPITER-02 randomized clinical trial. JAMA. (2023) 330:1961–70. doi: 10.1001/jama.2023.20181

13. Tang, LL, Chen, YP, Chen, CB, Chen, MY, Chen, NY, Chen, XZ, et al. The Chinese Society of Clinical Oncology (CSCO) clinical guidelines for the diagnosis and treatment of nasopharyngeal carcinoma. Cancer Commun (Lond). (2021) 41:1195–227. doi: 10.1002/cac2.12218

14. Chinese Society of Clinical Oncology. Guidelines of Chinese Society of Clinical Oncology (CSCO) 2022. Nasopharyngeal carcinoma. Beijing: People's Medical Publishing House (2022).

15. Majem, M, García-Martínez, E, Martinez, M, Muñoz-Couselo, E, Rodriguez-Abreu, D, Alvarez, R, et al. SEOM clinical guideline for the management of immune-related adverse events in patients treated with immune checkpoint inhibitors (2019). Clin Transl Oncol. (2020) 22:213–22. doi: 10.1007/s12094-019-02273-x

16. Liu, SL, Sun, XS, Yan, JJ, Chen, QY, Lin, HX, Wen, YF, et al. Optimal cumulative cisplatin dose in nasopharyngeal carcinoma patients based on induction chemotherapy response. Radiother Oncol. (2019) 137:83–94. doi: 10.1016/j.radonc.2019.04.020

17. Chen, QY, Mai, HQ, Tang, LQ, Luo, MJ, Zhao, C, Mo, HY, et al. Neoadjuvant chemotherapy plus tislelizumab followed by concurrent chemoradiotherapy in patients with locoregionally advanced nasopharyngeal carcinoma: A single-arm, phase II trial. J Clin Oncol. (2022) 40:6068–8. doi: 10.1200/JCO.2022.40.16_suppl.6068

18. Zhang, Q, Lai, M, Li, F, Chen, J, and Chen, G. 153P Neoadjuvant therapy with tislelizumab plus chemotherapy followed by concurrent chemoradiotherapy in patients with stage IVa nasopharyngeal carcinoma: A single-arm, phase II trial. I mmuno-Oncol Technol. (2022) 16:100265. doi: 10.1016/j.iotech.2022.100265

19. Xiang, X, Chen, P, Lan, F, Ma, L, Jin, J, and Zhang, Y. The short-term efficacy and safety of induction chemotherapy combined with PD-1 inhibitor or anti-EGFR in locoregionally advanced nasopharyngeal carcinoma. Front Oncol. (2023) 13:1110281. doi: 10.3389/fonc.2023.1110281

20. Lee, NY, Ferris, RL, Psyrri, A, Haddad, RI, Tahara, M, Bourhis, J, et al. Avelumab plus standard-of-care chemoradiotherapy versus chemoradiotherapy alone in patients with locally advanced squamous cell carcinoma of the head and neck: a randomised, double-blind, placebo-controlled, multicentre, phase 3 trial. Lancet Oncol. (2021) 22:450–62. doi: 10.1016/S1470-2045(20)30737-3

21. Schnellhardt, S, Linxweiler, M, Gostian, AO, and Hecht, M. Highlights der ASCO- und ESMO-Jahrestagungen 2022: Strahlentherapie von Kopf-Hals-Tumoren [Highlights of the ASCO and ESMO annual meetings 2022: radiotherapy of head and neck cancer]. HNO. (2023) 71:446–52. doi: 10.1007/s00106-023-01307-9

22. Ma, J, Sun, Y, Liu, X, Yang, KY, Zhang, N, Jin, F, et al. PD-1 blockade with sintilimab plus induction chemotherapy and concurrent chemoradiotherapy (IC-CCRT) versus IC-CCRT in locoregionally-advanced nasopharyngeal carcinoma (LANPC): A multicenter, phase 3, randomized controlled trial (CONTINUUM). J Clin Oncol. (2023) 41:LBA6002–LBA6002. doi: 10.1200/JCO.2023.41.17_suppl.LBA6002

23. Principe, DR, Kamath, SD, Korc, M, and Munshi, HG. The immune modifying effects of chemotherapy and advances in chemo-immunotherapy. Pharmacol Ther. (2022) 236:108111. doi: 10.1016/j.pharmthera.2022.108111

24. Shi, MY, Liu, HG, Chen, XH, Tian, Y, Chen, ZN, and Wang, K. The application basis of immuno-checkpoint inhibitors combined with chemotherapy in cancer treatment. Front Immunol. (2023) 13:1088886. doi: 10.3389/fimmu.2022.1088886

25. Li, XM, Zhang, XM, Li, JY, Jiang, N, Chen, L, Tang, LL, et al. The immune modulation effects of gemcitabine plus cisplatin induction chemotherapy in nasopharyngeal carcinoma. Cancer Med. (2022) 11:3437–44. doi: 10.1002/cam4.4705

26. Chen, Y, Liu, R, Li, C, Song, Y, Liu, G, Huang, Q, et al. Nab-paclitaxel promotes the cancer-immunity cycle as a potential immunomodulator. Am J Cancer Res. (2021) 11:3445–60.

27. Emens, LA, Adams, S, Barrios, CH, Diéras, V, Iwata, H, Loi, S, et al. First-line atezolizumab plus nab-paclitaxel for unresectable, locally advanced, or metastatic triple-negative breast cancer: IMpassion130 final overall survival analysis. Ann Oncol. (2021) 32:983–93. doi: 10.1016/j.annonc.2021.05.355

28. Chen, L, Jiang, YZ, Wu, SY, Wu, J, Di, GH, Liu, GY, et al. Famitinib with camrelizumab and nab-paclitaxel for advanced immunomodulatory triple-negative breast cancer (FUTURE-C-plus): an open-label, single-arm, phase II trial. Clin Cancer Res. (2022) 28:2807–17. doi: 10.1158/1078-0432.CCR-21-4313

29. Chen, ZH, Zheng, WH, Wu, CF, Kou, J, Yang, XL, Lin, L, et al. Thyroid dysfunction in Chinese nasopharyngeal carcinoma after anti-PD-1 therapy and its association with treatment response. BMC Med. (2023) 21:18. doi: 10.1186/s12916-022-02697-3

30. Luo, J, Martucci, VL, Quandt, Z, Groha, S, Murray, MH, Lovly, CM, et al. Immunotherapy-mediated thyroid dysfunction: genetic risk and impact on outcomes with PD-1 blockade in non-small cell lung cancer. Clin Cancer Res. (2021) 27:5131–40. doi: 10.1158/1078-0432.CCR-21-0921




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

Copyright © 2024 Yu, Lu, Wang, Song and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-15-1415246-g001.jpg
A
100.0% P<0.001

90.0% miC

M IC+PD-1 inhibitor
80.0% 69.4%

70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

CR PR SD PD

® 100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

P<0.001

mIC
B IC+PD-1 inhibitor

13.0%

6.3%
0.5%0.0%

CR PR SD PD

o
100.0% P=0.002

90.0% : {(Cj+PD-1 inhibitor
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

0.5%0.0%

PD





OEBPS/Images/fimmu.2024.1415246_cover.jpg
& frontiers | Frontiers in Immunology

Additional PD-1 inhibitor improves complete
response to induction chemotherapy in
locally advanced nasopharyngeal
carcinoma





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Additional PD-1 inhibitor improves complete response to induction chemotherapy in locally advanced nasopharyngeal carcinoma

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            Variables

          



          		

            Treatment

          



          		

            Assessment of treatment response

          



          		

            Assessment of treatment toxicity

          



          		

            Follow-up

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Patient characteristic

          



          		

            Treatment response

          



          		

            Predictive factors associated with complete response after induction therapy

          



          		

            Toxicity

          



          		

            Short-term survival

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-15-1415246-g003.jpg
The percentage of acute toxicities during induction chemotherapy plus PD-1 inhibitor treatment
30

3

20

F & F & v & & & ¢ F
& & & & v X $ S & <
» O <O O ) N O &> <

O > S & O <O 8 &
N N o° o s N 8
S Q Q < -
Ty v E
N Q&

B Grade1l ™ Grade 2 B Grade 3 " Grade 4






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variables OR 95%Cl P
Age (year)

<50 1

>50 1.014 0.327-3.147 0.981
Gender

Male 1

Female 1.446 0.323-6.484 0.630
Smoking history

No 1

Yes 1.352 0.370-4.943 0.649
Alcohol history

No 1

Yes 0.245 0.048-1.249 0.091
Histology

7 WHO I 1

WHO III 2.631 0.615-11.301 0.998
AJCC stage

11 1

VA 3.886 1.269-11.906 0.017
Pretreatment EBV DNA level

Undetected 1

Detective 1112 0.125-9.909 0.924
PD-1 inhibitor

No 1

Yes 9.814 3.464-27.804 <0.001

IC, induction chemotherapy; WHO, World Health Organization; AJCC, American Joint
Committee on Cancer; EBV-DNA, Epstein Barr virus-deoxyribonucleic acid; OR, odds ratio;

CI, confidence interval.





OEBPS/Images/table4.jpg
Variables OR 95%Cl P
Age (years)

<50 1

>50 0.913 0.449-1.856 0.801
Gender

Male 1

Female 2.028 0.732-5.615 0.174

Smoking history

No 1

Yes 0.928 0.403-2.138 0.862

Alcohol history

No 1

Yes 0.75 0.339-1.661 | 0.479
Histology

WHO 11 1

WHO III 0.545 0.187-1.593 0.268
AJCC stage

11 1

VA 1.629 0.823-3.225 0.161

Pretreatment EBV DNA level

Undetected 1

Detective 0.711 0.248-2.034 0.525
PD-1 inhibitor

No 1

Yes 3:317 1.492-7.374 0.003

IC, induction chemotherapy; WHO, World Health Organization; AJCC, American Joint
Committee on Cancer; EBV-DNA, Epstein Barr virus-deoxyribonucleic acid; OR, odds ratio;
CI, confidence interval.





OEBPS/Images/table3.jpg
Variables OR 95%Cl P
Age (years)

<50 1

>50 7 1.850 0.947-3.617 0.072
Gender

Male 1

Female 1.100 0.409-2.956 ‘ 0.851

Smoking history

No 1

Yes 1.220 0.520-2.859 0.648

Alcohol history

No 1

Yes 0.874 0.397-1.922 0.737
Histology

WHO I 1

WHO TII 2.899 0.621-13.532 0.176
AJCC stage

11 1

VA 1.817 0.932-3.544 0.080

Pretreatment EBV DNA level

Undetected 1

Detective 1.006 0.333-3.038 0.991
PD-1 inhibitor

No 1

Yes 5378 2.413-11.989 <0.001

IC, induction chemotherapy; WHO, World Health Organization; AJCC, American Joint
Committee on Cancer; EBV-DNA, Epstein Barr virus-deoxyribonucleic acid; OR, odds ratio;
CI, confidence interval.





OEBPS/Images/fimmu-15-1415246-g002.jpg





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1415246-g004.jpg
1

1

00—y

100
g
< a0
& 60
H
E a0
H
g
8 ol
3
o5,
[
Number at risk
32
100
80
g
60
40
20
0
]

Number at risk
32

32

32

10 15 20 25 30 35
Survival months

31 20 10 2 1 1

10 15 20 25 30 35
Survival months.

30 20 10 2 1 1

40

40

~ 80
b
Z e0f-
&
i sl
H
-}
]
S 20
Ll =t I I L L L L L L
[ 5 10 15 20 25 30 35 40
Survival months
Number at risk
32 32 30 20 10 2 1 1 o
100
80—
g
3§ 60
B
2
H
2
S a|
g
=]
20
o0 I I L L L L L L
o 5 10 15 20 25 30 35 40
Survival months
Number at risk
32 32 31 20 10 g 1 Az 0





OEBPS/Images/table1.jpg
IC + PD-
1

Variables inhibitor P

Age (years)

<50 127 108 (56.0) 19 (59.4) 0.718

>50 98 85 (44.0) 13 (40.6)

Gender
Male ' 59 ' 53 (27.5) T 6 (18.8) 0.299
Female 166 140 (72.5) 26 (81.3)

Smoking history

No 115 102 (52.8) 13 (40.6) 0.200
Yes 110 91 (47.2) 19 (59.4)

Alcohol history

No 148 121 (62.7) 27 (84.4) 0.017
Yes 77 72 (37.3) 5 (15.6)

Histology
WHO 11 21 20 (10.4) 1(3.1) 0.324
WHO III 204 173 (89.6) 31 (96.9) 7

T stage
Tl 24 22 (11.4) 2(6.3) 0.674
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