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Background

Nivolumab is approved in Japan as a second-line treatment for patients with advanced esophageal squamous cell carcinoma (ESCC) resistant to fluoropyrimidine and platinum-based drugs. It is also used in adjuvant and primary postoperative therapies. This study aimed to report real-world data on nivolumab use for esophageal cancer treatment.





Methods

In total, 171 patients with recurrent or unresectable advanced ESCC who received nivolumab (n = 61) or taxane (n = 110) were included. We collected real-world data of patients treated with nivolumab as a second- or later-line therapy and evaluated treatment outcomes and safety.





Results

Median overall survival was longer and progression-free survival (PFS) was significantly longer (p = 0.0172) in patients who received nivolumab than in patients who received taxane as a second- or later-line therapy. Furthermore, subgroup analysis for second-line treatment only showed the superiority of nivolumab in increasing the PFS rate (p = 0.0056). No serious adverse events were observed.





Conclusions

In real-world practice, nivolumab was safer and more effective than taxane in patients with ESCC with diverse clinical profiles who did not meet trial eligibility criteria, including those with poor Eastern Cooperative Oncology Group performance status, comorbidities, and receiving multiple treatments.
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1 Introduction

Squamous cell carcinoma is the most common histologic esophageal cancer type, accounting for approximately 90% of all cases worldwide (1, 2). In Japan, fluoropyrimidine plus platinum was used as a first-line treatment for unresectable, advanced, or recurrent esophageal cancer, and taxane-based drugs were used as a second-line treatment until the discovery of nivolumab (3, 4). Taxanes have hematological, gastrointestinal, and neurological adverse effects (5) and are associated with low long-term survival rates, rendering them less effective (6, 7).

Nivolumab is a fully human immunoglobulin-G4 monoclonal antibody that enhances T-cell anti-tumor activity by inhibiting the expression of the programmed cell death protein-1 (PD-1) receptor (8, 9). The efficacy and safety of nivolumab for the treatment of unresectable advanced or recurrent esophageal squamous cell carcinoma (ESCC) have been demonstrated in the ATTRACTION-1 trial, whereas the superiority of nivolumab over taxane has been demonstrated in the ATTRACTION-3 trial. Nivolumab has been approved as a new second-line treatment for patients with advanced ESCC who are resistant to fluoropyrimidine and platinum drugs (10, 11). The results of the CheckMate 577 and CheckMate 648 trials have demonstrated the efficacy of nivolumab as an adjuvant or first-line therapy (12, 13). However, data on the efficacy and adverse events (AEs) of nivolumab monotherapy in clinical practice are limited.

In clinical practice, nivolumab may also be used in patients who do not meet the eligibility criteria for clinical trials, including patients with poor Eastern Cooperative Oncology Group performance status (ECOG PS), those with comorbidities, and those receiving multiple treatments. Drug efficacy should be assessed in clinical trials and real-world settings. Real-world clinical data on nivolumab use have been reported for gastric and head and neck cancers (14, 15); however, the corresponding data for esophageal cancer have not been reported. Combination chemotherapy with nivolumab is being increasingly used in clinical settings; therefore, the availability of prospective data for nivolumab monotherapy is limited. Herein, we report real-world data on safety and outcomes in patients treated with nivolumab as a second- or later-line monotherapy, as well as in patients previously treated with taxanes as a second- or later-line treatment.




2 Methods



2.1 Patients

The study involved 171 patients with recurrent or unresectable advanced ESCC treated with nivolumab or taxane as a second- or later-line therapy at Hiroshima University Hospital from October 2008 to November 2021. Taxane was used in 110 patients from 2008 to 2020, and nivolumab was used in 61 patients from 2016 to 2021. Data on the clinical characteristics of patients were obtained from our surgical database and medical records. The clinicopathologic diagnosis of tumors was based on the tumor-lymph node-metastasis (TNM) classification (16). Clinical tumor response to nivolumab or taxane was evaluated according to the Response Evaluation Criteria in Solid Tumors (17). Five patients without target lesions (second-line therapy: two patients, later-line therapy: three patients) were identified and excluded from the analysis of treatment response and progression-free survival (PFS).




2.2 Treatment protocol

Nivolumab (240 mg) was administered intravenously for 30 min every two weeks (each cycle of six weeks). Paclitaxel (100 mg/m2) was administered for 60 min once weekly for six weeks, followed by no treatment for one week (each cycle of seven weeks). Docetaxel (75 mg/m2) was administered for 60 min every three weeks (each cycle of three weeks) until disease progression or toxicity was observed. No prophylaxis was used in the nivolumab group. In the paclitaxel and docetaxel groups, dexamethasone at 6.6 mg was administered as an antiemetic.

Treatment was interrupted or delayed in some patients owing to AEs. In such cases, the treatment was resumed when considered safe by the attending physician based on the patient’s general condition, symptoms, and blood test results; doses were reduced according to paclitaxel- and docetaxel-related toxicities. The dose was not reduced in patients administered nivolumab.

The results of the ATTRACTION-1 and ATTRACTION-3 trials showed that nivolumab is effective, leading to its approval for use in Japan regardless of programmed cell death protein-1 ligand-1 (PD-L1) expression (10, 11). Consequently, to reduce the economic burden on patients, we did not evaluate PD-L1 status as a part of routine practice in our institute. AEs were assessed according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. The data on AEs were obtained from our surgical database and were confirmed by reviewing the medical records and blood test results again. Patients who were already using oral medications for hormonal abnormalities prior to the start of treatment (one female patient with hypothyroidism and one female patient with hyperthyroidism) were not included in the analysis due to treatment-related AEs. When an AE occurred, basically at the point when the patient was rated grade 2 by the CTCAE, treatment by drug therapy, i.e., drugs to relieve symptoms, was used. For example, for diarrhea, bowel regulators and antidiarrheals were used.

The treatment plan for each patient with unresectable, advanced, or recurrent ESCC was defined after a discussion among the surgeons, oncologists, and radiologists. Blood tests, chest x-rays, electrocardiograms, echocardiograms, and pulmonary function tests were performed to evaluate the functional parameters of vital organs before treatment. Appropriate anti-tumor treatment approaches, such as chemotherapy, radiation therapy, surgery, or combinations of these modalities were recommended based on the patient’s overall condition, neoadjuvant or adjuvant therapy use, and metastasis site. Surgical resection was performed only in cases of solitary or localized recurrence and completely resectable tumors, such as in cases of localized lymph node recurrence or oligometastasis of the lung or skin. Symptomatic brain metastases were also surgically resected.

All patients underwent clinical response assessment using computed tomography (CT) imaging after three courses each of chemotherapy and nivolumab. The patients were also examined whenever their symptoms worsened. CT imaging was performed promptly for efficacy evaluation if the tumor volume was large, or the patient’s condition was poor. In contrast, if the patient’s condition was stable and some tumor shrinkage was observed, the examination was delayed at the discretion of the attending physician.




2.3 Statistical analysis

The results are presented as number (%) or median value unless stated otherwise. Comparisons between groups were performed using independent sample t-tests. Enumerated data were analyzed using a chi-squared (χ2) test. Survival rates were analyzed using the Kaplan–Meier curves and compared using the log-rank test. PFS was defined as the time from the date of nivolumab or taxane treatment initiation to the time when disease progression was determined. Overall survival (OS) was defined as the time from the date of nivolumab or taxane treatment initiation to death from any cause or the last follow-up visit. Patients who were admitted after May 2021 (nine patients in the nivolumab group) were excluded from the prognostic analysis owing to a short follow-up period. Statistical analyses were performed using JMP Pro 15 software (2019; SAS Institute, Cary, NC, USA). Statistical significance was set at p < 0.05.




2.4 Ethics statement

The Institutional Review Board of Hiroshima University (approval number: 2225) approved the study protocol and waived the need for informed consent from patients owing to the retrospective nature of the study.





3 Results



3.1 Clinicopathological characteristics

The clinicopathological characteristics of the 171 patients with recurrent or unresectable advanced ESCC (mean age, 66.2 ± 9.2 years; male, n = 151; female, n = 20) were compared between the nivolumab (n = 61) and taxane (n = 110) groups (Table 1).


Table 1 | Clinicopathological characteristics of patients treated with nivolumab or taxane.



In contrast to clinical trials, this study involved cases with ECOG PS 2: 6 (9.8%) in the nivolumab group and 2 (1.8%) in the taxane group. Before the administration of nivolumab or taxane, 79 (46.2%), 131 (76.6%), and 171 (100%) patients were treated with surgery, radiation therapy, and chemotherapy, respectively. Patients in the nivolumab group were older than those in the taxane group (70.0 ± 8.3 versus 64.1 ± 9.0 years; p < 0.0001).




3.2 Effects of nivolumab and taxane

The effects of nivolumab and taxane are shown in Table 2. An objective response was defined as a complete or partial response. Disease control was defined as a complete response, partial response, or stable disease. As a second- or later-line therapy, nivolumab versus taxane yielded a complete response rate of 1 (1.6%) versus 3 (2.9%), an objective response rate of 12 (19.6%) versus 19 (18.1%), and a disease control rate of 28 (45.9%) versus 44 (41.9%), respectively. When nivolumab versus taxane was used only as a second-line therapy, the complete response rate was 1 (2.7%) versus 1 (1.3%), the objective response rate was 11 (29.7%) versus 12 (15.4%), and the disease control rate was 21 (56.7%) versus 32 (41.0%), respectively.


Table 2 | Treatment response to nivolumab or taxane.






3.3 Nivolumab- and taxane-related AEs

In the nivolumab group, the major events resulting from non-hematologic toxicity were rash, fatigue, decreased appetite, and diarrhea (Table 3). Some hematologic toxicities were observed. In the taxane group, non-hematologic toxicities included fatigue, decreased appetite, diarrhea, arthralgia, nausea, alopecia, stomatitis, peripheral sensory neuropathy, and pneumonia. The most common hematologic toxicity-related events were decreased white blood cell and neutrophil counts, anemia, and febrile neutropenia.


Table 3 | Summary of treatment-related adverse events.



Severe treatment-related AEs were recorded in eight of the 61 (13.1%) patients in the nivolumab group (grade 3, 8 [13.1%]; grade 4, 0; grade 5, 0) and 78 of the 110 (70.8%) patients in the taxane group (grade 3, 50 [45.4%]; grade 4, 26 [23.6%]; grade 5, 2 [1.8%]). The treatment-related AEs that led to treatment discontinuation were interstitial pneumonia (n = 1 [1.6%]) in the nivolumab group and interstitial pneumonia (n = 3 [2.7%]) and pneumonia (n = 1 [0.9%]) in the taxane group. Dose delays and reductions due to treatment-related AEs were more common in the taxane group (n = 32 [29.0%]) than in the nivolumab group (n = 7 [11.5%]). Rash, interstitial pneumonia, pancreatitis, hepatopathy, renal dysfunction, adrenal hypofunction, and thyroid hypofunction were immune-related AEs and adverse events that were characteristic of nivolumab. Immune-related AEs were observed in 20 patients (32.7%) in the nivolumab group. The most common immune-related AEs were rash in 9 (14.7%) patients and thyroid hypofunction in 8 (13.1%) patients. A total of nine patients, all of whom were male, received hormones-affecting drugs as a therapy during this treatment. In the nivolumab group, four male patients who developed thyroid hypofunction were treated with levothyroxine sodium hydrate. One male patient with adrenal hypofunction was treated with hydrocortisone. One male patient with interstitial pneumonia was treated with prednisolone and methylprednisolone. In the taxane group, three male patients with interstitial pneumonia were treated with prednisolone and methylprednisolone.




3.4 OS and PFS of patients treated with nivolumab or taxane

A prognostic analysis with a follow-up period of at least 15 months was performed for patients in both the nivolumab and taxane groups. The treatment-specific survival curves for nivolumab versus taxane as a second- or later-line treatment showed numerically better OS rates in the former than in the latter group (hazard ratio [HR] 0.82, 95% confidence interval [CI] 0.58–1.18, p = 0.3023) (Figure 1A). The median OS estimates of patients in the nivolumab and taxane groups were 8.4 (95% CI 7.4–14.7) and 8.2 months (95% CI 6.6–10.5), respectively. The 1-, 2-, and 3-year survival rates of patients in the nivolumab versus taxane groups were 39.5% versus 36.1%, 25.5% versus 12.4%, and 18.4% versus 6.4%, respectively.




Figure 1 | (A) Overall survival (OS) and (B) progression-free survival (PFS) of all patients treated with nivolumab or taxane as a second- or later-line treatment. (C) OS and (D) PFS of patients treated with nivolumab or taxane as a second-line treatment. Five patients without target lesions were excluded from the analysis of PFS (second-line therapy: 2 patients, later-line therapy: 3 patients). (A) Hazard ratio (HR) for death 0.82 [95% confidence interval (CI) 0.58–1.18]; p = 0.3023. Nivolumab, median 8.4 months (95% CI 7.4–14.7). Taxane, median 8.2 months (95% CI 6.6–10.5). (B) HR for death 0.64 (95% CI 0.44–0.92); p = 0.0172. Nivolumab, median 4.2 months (95% CI 2.5–6.8). Taxane, median 2.8 months (95% CI 2.5–3.4). (C) HR for death 0.77 (95% CI 0.49–1.19); p = 0.2455. Nivolumab, median 9.4 months (95% CI 7.0–18.5). Taxane, median 8.2 months (95% CI 6.0–10.1). (D) HR for death 0.53 (95% CI 0.34–0.83); p = 0.0056. Nivolumab, median 4.4 months (95% CI 2.2–9.5). Taxane, median 2.7 months (95% CI 2.3–3.5).



The treatment-specific PFS curves for nivolumab versus taxane as a second- or later-line treatment showed statistically better PFS rates in the former than in the latter group (HR 0.64, 95% CI 0.44–0.92, p = 0.0172) (Figure 1B). The median PFS estimates of the nivolumab and taxane groups were 4.2 (95% CI 2.5–6.8) and 2.8 (95% CI 2.5–3.4), respectively. The 6- and 12-month PFS rates of the nivolumab versus taxane groups were 42.7% versus 18.5% and 24.9% versus 7.2%, respectively.




3.5 OS and PFS of patients treated with nivolumab or taxane as a second-line treatment

The treatment-specific survival curves for nivolumab versus taxane as a second-line treatment showed numerically better OS rates in the former than in the latter group (HR 0.77, 95% CI 0.49–1.19, p = 0.2455) (Figure 1C). The median OS rates of patients in the nivolumab and taxane groups were 9.4 (95% CI 7.0–18.5) and 8.2 months (95% CI 6.0–10.1), respectively. The 1-, 2-, and 3-year OS rates of patients in the nivolumab versus taxane groups were 41.9% versus 35.4%, 30.7% versus 14.3%, and 20.2% versus 5.4%, respectively.

The treatment-specific PFS curves for nivolumab versus taxane as a second-line treatment showed statistically better PFS outcomes in the former than in the latter group (HR 0.53, 95% CI 0.34–0.83, p = 0.0056) (Figure 1D). The median PFS estimates of the nivolumab and taxane groups were 4.4 (95% CI 2.2–9.5) and 2.7 (95% CI 2.3–3.5), respectively. The 6- and 12-month PFS rates of the nivolumab and taxane groups were 45.7% versus 18.7% and 33.0% versus 6.6%, respectively.





4 Discussion

Herein, we summarized real-world clinical data on the efficacy and safety of nivolumab monotherapy and taxane as a second- or later-line treatment. The present study findings may help elucidate real-world outcomes, including those in patients with diverse clinical profiles who do not meet trial eligibility criteria—patients with poor ECOG PS, patients with comorbidities, and patients receiving multiple treatments.

The proportion of Japanese patients in the ATTRACTION-3 trial was 65.4% (274/419). The efficacy and safety of nivolumab compared with those of taxane were reported by Takahashi et al. in a study with baseline characteristics of patients compared to those of patients in this study (18). However, the present study included fewer patients with ECOG PS 0 in the nivolumab group than the previous study (49.2% [30/61] vs. 61.0% [83/136]). The inclusion of patients with ECOG PS 2 is a unique feature of real-world datasets; patients with poor general health who do not qualify for clinical trials are administered treatment in clinical practice.

As a second-line treatment, nivolumab yielded better median OS rates than taxane (9.4 vs. 8.2 months). This finding is comparable to that of the ATTRACTION-3 trial, which reported an OS rate of 10.9 months and an OS rate of 13.4 months in a Japanese subpopulation (11, 18). The corresponding estimates for the taxane groups in the ATTRACTION-3 trial were 8.4 and 9.4 months, respectively (11, 18). The slightly poorer OS estimates in this study than in the previous study could be attributed to the discrepancies in study population characteristics; clinical trials have clearly defined enrolment criteria in contrast to clinical practice. The proportion of patients with ECOG PS 0 in the nivolumab group was lower than that in the taxane group; patients with poor ECOG PS or clinical status were more likely to be ineligible for the subsequent treatment. The higher mean age of the nivolumab group in this study than in previous reports and the fact that the nivolumab was administered to older patients may also have influenced the results (11, 18).

In the second-line treatment, the median PFS was significantly longer in the nivolumab group than in the taxane group (4.4 vs. 2.7 months). The corresponding values for nivolumab in the ATTRACTION-3 trial were 1.7 and 2.7 months in the overall population and Japanese subpopulation, respectively. In the taxane group, the corresponding values in the ATTRACTION-3 trial were 3.4 and 3.8 months, respectively, which were comparable to those in this study (11, 18). The superiority of nivolumab in this study over that in the ATTRACTION-3 trial may be due to several factors. First, in clinical trials, CT imaging evaluations are performed at strictly defined time points; in contrast, in clinical practice, CT imaging evaluations may be postponed in patients whose condition is stable and who have achieved a certain degree of tumor shrinkage.

In addition, clinical trials involve high rates of protocol adherence; in contrast, in clinical practice, the patient’s condition may preclude treatment completion every two weeks, as scheduled. The interval between imaging exams may be further extended if the patient’s general condition deteriorates to the point where the continuation of treatment becomes difficult and the patient is transferred for the best supportive care. Thus, the interval between imaging evaluations may have been slightly extended in the real-world dataset, increasing the intervals between PFS assessments.

The Kaplan–Meier curve obtained in this study was comparable to that obtained in the ATTRACTION-3 trial for the overall population and Japanese subpopulation. The curves crossed after approximately four months, with nivolumab being superior to taxane in terms of both OS and PFS (11, 18). These results reflect the characteristics of immune checkpoint inhibitors, which are ineffective in some patients and may lead to survival curve dips, as well as long-lasting effects in patients with a responsive disease. Factors associated with immune checkpoint inhibitor efficacy include PD-1 and PD-L1 expression, mutation burden, CD8 lymphocyte count, interferon-γ level, and interleukin 12; nevertheless, it remains challenging to accurately predict clinical efficacy (19–22). Recent meta-analysis reports on the association between PD-L1 and immune checkpoint inhibitor treatment efficacy have shown no survival benefit of immune checkpoint inhibitor-based regimens compared to chemotherapy alone in subgroups with tumor proportion scores of less than 1% (23). Further studies are required to identify predictors of treatment efficacy in this context.

The long-lasting efficacy of immune checkpoint inhibitors in responsive cases is referred to as a “tail plateau” (24). Our results showed a tail plateau in the nivolumab group; a similar pattern was not observed in the taxane group. This long-lasting effect may have resulted in the superiority of the nivolumab group over the taxane group in terms of OS and PFS. Although the detailed mechanisms underlying the tail plateaus are unknown, it is possible that an immunological memory, a key feature of the adaptive immune system, is responsible for this prolonged response. Specifically, the adaptive immune system can mount a sustained response to a specific epitope or antigen over an extended period (25, 26).

The safety results are comparable to those of the Japanese subpopulation in the ATTRACTION-3 trial, although there were more cases of grade 1 and 2 AEs in the taxane group (18). Immune-related AEs are discrete toxicities caused by nonspecific activation of the immune system that can affect almost any organ system. Several studies have reported AE rates of less than 30% for anti-PD-1 agents (27, 28). Here, the incidence of immune-related AEs was 20 (32.7%) in the nivolumab group.

Immune-related AEs may include cutaneous, gastrointestinal, endocrine, pulmonary, and musculoskeletal events, which are well-known and commonly experienced. Cardiac, hematologic, renal, neurologic, and ophthalmologic events are also well-known but not frequent (29). Most AEs are mild to moderate; however, severe and life-threatening AEs have been reported, with treatment-related mortality rates of up to 2% in clinical trials (27, 30). Here, there were no cases of treatment-related deaths. Immune-related AEs are rarely severe; however, the associated risks should be considered and identified early when using this treatment.

This study has some limitations. It was based on data from a single institution, and the number of patients was relatively small. Furthermore, the results of the ATTRACTION-3 trial showed that nivolumab was effective and thus, it was approved for use in patients with and without PD-L1 expression. Therefore, PD-L1 expression could not be evaluated. Many patients in the taxane group were treated before nivolumab was approved as a second-line treatment, and the timing of treatment in the two groups differed. Different treatment timings may have led to differences in treatment management. In addition, docetaxel and paclitaxel were examined collectively as a taxane group, similar to that in the ATTRACTION-3 trial, but the efficacy and safety of the two drugs may differ. Subjects whose drug dose was reduced according to their general condition were also included.

Unlike the ATTRACTION-3 trial, this study provides real-world data on patients with diverse profiles, such as those with poor ECOG PS, those with comorbidities, and those receiving multiple treatments. However, nivolumab monotherapy did not cause any serious AEs in this study. In addition, the patients treated with nivolumab had numerically longer OS and statistically longer PFS than patients treated with taxanes.

In conclusion, nivolumab was safer to use and more effective than taxane in real-world practice for patients with ESCC with diverse clinical profiles who did not meet trial eligibility criteria, including patients with poor ECOG PS, patients with comorbidities, and patients receiving multiple treatments.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Author contributions

MOh and YH drafted the manuscript. MOh, YH, ME, YI, TK, TY, RH, and NK contributed to patient care. MOh and YH performed the literature search. MOh, YH, ME, YI, TK, TY, RH, NK, and MOk critically revised the manuscript. All authors contributed to the article and approved the submitted version.





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.





References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68:394–424. doi: 10.3322/caac.21492

2. Abnet, CC, Arnold, M, and Wei, WQ. Epidemiology of esophageal squamous cell carcinoma. Gastroenterology (2018) 154:360–73. doi: 10.1053/j.gastro.2017.08.023

3. Kitagawa, Y, Uno, T, Oyama, T, Kato, K, Kato, H, Kawakubo, H, et al. Esophageal cancer practice guidelines 2017 edited by the Japan esophageal society: part 1. Esophagus (2019) 16:1–24. doi: 10.1007/s10388-018-0641-9

4. Kitagawa, Y, Uno, T, Oyama, T, Kato, K, Kato, H, Kawakubo, H, et al. Esophageal cancer practice guidelines 2017 edited by the Japan esophageal society: part 2. Esophagus (2019) 16:25–43. doi: 10.1007/s10388-018-0642-8

5. Jimenez, P, Pathak, A, and Phan, AT. The role of taxanes in the management of gastroesophageal cancer. J Gastrointest Oncol (2011) 2:240–9. doi: 10.3978/j.issn.2078-6891.2011.027

6. Kato, K, Tahara, M, Hironaka, S, Muro, K, Takiuchi, H, Hamamoto, Y, et al. A phase II study of paclitaxel by weekly 1-h infusion for advanced or recurrent esophageal cancer in patients who had previously received platinum-based chemotherapy. Cancer Chemother Pharmacol (2011) 67:1265–72. doi: 10.1007/s00280-010-1422-x

7. Muro, K, Hamaguchi, T, Ohtsu, A, Boku, N, Chin, K, Hyodo, I, et al. A phase II study of single-agent docetaxel in patients with metastatic esophageal cancer. Ann Oncol (2004) 15:955–9. doi: 10.1093/annonc/mdh231

8. Brahmer, JR, Drake, CG, Wollner, I, Powderly, JD, Picus, J, Sharfman, WH, et al. Phase I study of single-agent anti-programmed death-1 (MDX-1106) in refractory solid tumors: safety, clinical activity, pharmacodynamics, and immunologic correlates. J Clin Oncol (2010) 28:3167–75. doi: 10.1200/JCO.2009.26.7609

9. Wang, C, Thudium, KB, Han, M, Wang, XT, Huang, H, Feingersh, D, et al. In vitro characterization of the anti-PD-1 antibody nivolumab, BMS-936558, and in vivo toxicology in non-human primates. Cancer Immunol Res (2014) 2:846–56. doi: 10.1158/2326-6066.CIR-14-0040

10. Kudo, T, Hamamoto, Y, Kato, K, Ura, T, Kojima, T, Tsushima, T, et al. Nivolumab treatment for oesophageal squamous-cell carcinoma: an open-label, multicentre, phase 2 trial. Lancet Oncol (2017) 18:631–9. doi: 10.1016/S1470-2045(17)30181-X

11. Kato, K, Cho, BC, Takahashi, M, Okada, M, Lin, CY, Chin, K, et al. Nivolumab versus chemotherapy in patients with advanced oesophageal squamous cell carcinoma refractory or intolerant to previous chemotherapy (ATTRACTION-3): a multicentre, randomised, open-label, phase 3 trial. Lancet Oncol (2019) 20:1506–17. doi: 10.1016/S1470-2045(19)30626-6

12. Kelly, RJ, Ajani, JA, Kuzdzal, J, Zander, T, Van Cutsem, E, Piessen, G, et al. Adjuvant nivolumab in resected esophageal or gastroesophageal junction cancer. N Engl J Med (2021) 384:1191–203. doi: 10.1056/NEJMoa2032125

13. Doki, Y, Ajani, JA, Kato, K, Xu, J, Wyrwicz, L, Motoyama, S, et al. Nivolumab combination therapy in advanced esophageal squamous-cell carcinoma. N Engl J Med (2022) 386:449–62. doi: 10.1056/NEJMoa2111380

14. Takahashi, Y, Sunakawa, Y, Inoue, E, Kawabata, R, Ishiguro, A, Kito, Y, et al. Real-world effectiveness of nivolumab in advanced gastric cancer: the DELIVER trial (JACCRO GC-08). Gastric Cancer (2022) 25:235–44. doi: 10.1007/s10120-021-01237-x

15. Hanai, N, Shimizu, Y, Kariya, S, Yasumatsu, R, Yokota, T, Fujii, T, et al. Effectiveness and safety of nivolumab in patients with head and neck cancer in Japanese real-world clinical practice: a multicenter retrospective clinical study. Int J Clin Oncol (2021) 26:494–506. doi: 10.1007/s10147-020-01829-0

16. Brierley, JD, Gospodarowicz, MK, and Wittekind, C. International union against cancer (UICC): TNM classification of malignant tumors. Wiley-Blackwell (2017).

17. Therasse, P, Arbuck, SG, Eisenhauer, EA, Wanders, J, Kaplan, RS, Rubinstein, L, et al. New guidelines to evaluate the response to treatment in solid tumors. European organization for research and treatment of cancer, national cancer institute of the united states, national cancer institute of Canada. J Natl Cancer Inst (2000) 92:205–16. doi: 10.1093/jnci/92.3.205

18. Takahashi, M, Kato, K, Okada, M, Chin, K, Kadowaki, S, Hamamoto, Y, et al. Nivolumab versus chemotherapy in Japanese patients with advanced esophageal squamous cell carcinoma: a subgroup analysis of a multicenter, randomized, open-label, phase 3 trial (ATTRACTION-3). Esophagus (2021) 18:90–9. doi: 10.1007/s10388-020-00794-x

19. Sangro, B, Melero, I, Wadhawan, S, Finn, RS, Abou-Alfa, GK, Cheng, AL, et al. Association of inflammatory biomarkers with clinical outcomes in nivolumab-treated patients with advanced hepatocellular carcinoma. J Hepatol (2020) 73:1460–9. doi: 10.1016/j.jhep.2020.07.026

20. Rizvi, NA, Hellmann, MD, Snyder, A, Kvistborg, P, Makarov, V, Havel, JJ, et al. Cancer immunology. mutational landscape determines sensitivity to PD-1 blockade in non–small cell lung cancer. Science (2015) 348:124–8. doi: 10.1126/science.aaa1348

21. Wang, W, Green, M, Choi, JE, Gijón, M, Kennedy, PD, Johnson, JK, et al. CD8+ T cells regulate tumour ferroptosis during cancer immunotherapy. Nature (2019) 569:270–4. doi: 10.1038/s41586-019-1170-y

22. Garris, CS, Arlauckas, SP, Kohler, RH, Trefny, MP, Garren, S, Piot, C, et al. Successful anti-PD-1 cancer immunotherapy requires T cell- dendritic cell crosstalk involving the cytokines IFN-γ and IL-12. Immunity (2018) 49:1148–61.e7. doi: 10.1016/j.immuni.2018.09.024

23. Yap, DW, Leone, AG, Wong, NZ, Zhao, JJ, Tey, JC, Sundar, R, et al. Effectiveness of immune checkpoint inhibitors in patients with advanced esophageal squamous cell carcinoma: a meta-analysis including low PD-L1 subgroups. JAMA Oncol (2023) 9:215–24. doi: 10.1001/jamaoncol.2022.5816

24. Antonia, SJ, Borghaei, H, Ramalingam, SS, Horn, L, De Castro Carpeño, J, Pluzanski, A, et al. Four-year survival with nivolumab in patients with previously treated advanced non-small-cell lung cancer: a pooled analysis. Lancet Oncol (2019) 20:1395–408. doi: 10.1016/S1470-2045(19)30407-3

25. Farber, DL, Netea, MG, Radbruch, A, Rajewsky, K, and Zinkernagel, RM. Immunological memory: lessons from the past and a look to the future. Nat Rev Immunol (2016) 16:124–8. doi: 10.1038/nri.2016.13

26. Harris, SJ, Brown, J, Lopez, J, and Yap, TA. Immuno-oncology combinations: raising the tail of the survival curve. Cancer Biol Med (2016) 13:171–93. doi: 10.20892/j.issn.2095-3941.2016.0015

27. Topalian, SL, Hodi, FS, Brahmer, JR, Gettinger, SN, Smith, DC, McDermott, DF, et al. Safety, activity, and immune correlates of anti-PD-1 antibody in cancer. N Engl J Med (2012) 366:2443–54. doi: 10.1056/NEJMoa1200690

28. Maughan, BL, Bailey, E, Gill, DM, and Agarwal, N. Incidence of immune-related adverse events with program death receptor-1- and program death receptor-1 ligand-directed therapies in genitourinary cancers. Front Oncol (2017) 7:56. doi: 10.3389/fonc.2017.00056

29. Puzanov, I, Diab, A, Abdallah, K, Bingham, CO, Brogdon, C, Dadu, R, et al. Managing toxicities associated with immune checkpoint inhibitors: consensus recommendations from the society for immunotherapy of cancer (SITC) toxicity management working group. J Immunother Cancer (2017) 5:95. doi: 10.1186/s40425-017-0300-z

30. Kwon, ED, Drake, CG, Scher, HI, Fizazi, K, Bossi, A, van den Eertwegh, AJ, et al. Ipilimumab versus placebo after radiotherapy in patients with metastatic castration-resistant prostate cancer that had progressed after docetaxel chemotherapy (CA184-043): a multicentre, randomised, double-blind, phase 3 trial. Lancet Oncol (2014) 15:700–12. doi: 10.1016/S1470-2045(14)70189-5




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 © 2023 Ohsawa, Hamai, Emi, Ibuki, Kurokawa, Yoshikawa, Hirohata, Kitasaki and Okada. 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/fonc.2023.1126536_cover.jpg
& frontiers | Frontiers in Oncology

Real-world clinical outcomes of nivolumab
and taxane as a second- or later-line
therapy for recurrent or unresectable
advanced esophageal squamous cell

carcinoma





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Real-world clinical outcomes of nivolumab and taxane as a second- or later-line therapy for recurrent or unresectable advanced esophageal squamous cell carcinoma

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Patients

          



          		

            2.2 Treatment protocol

          



          		

            2.3 Statistical analysis

          



          		

            2.4 Ethics statement

          



        



        



        		

          3 Results

        

          		

            3.1 Clinicopathological characteristics

          



          		

            3.2 Effects of nivolumab and taxane

          



          		

            3.3 Nivolumab- and taxane-related AEs

          



          		

            3.4 OS and PFS of patients treated with nivolumab or taxane

          



          		

            3.5 OS and PFS of patients treated with nivolumab or taxane as a second-line treatment

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Patients treated with nivolumab or taxane as a second- or later-line therapy

Nivolumab group (n = 61) Taxane group (n = 105)

Best overall response

Complete response 1 (1.6%) 3(2.9%)

Partial response 11 (18.0%) 16 (15.2%)

Stable disease 16 (26.2%) 25 (23.8%)

Progressive disease 33 (54.1%) 61 (58.1%)
Objective response 12 (19.6%) 19 (18.1%)
Disease control 28 (45.9%) 44 (41.9%)

Patients treated with nivolumab or taxane as second-line therapy

Nivolumab group (n = 37) Taxane group (n = 78)
Best overall response
Complete response 1 (2.7%) 1(1.3%)
Partial response 10 (27.0%) 11 (14.1%)
Stable disease 10 (27.0%) 20 (25.6%)
Progressive disease 16 (43.3%) 46 (59.0%)
Objective response 11 (29.7%) 12 (15.4%)
Disease control 21 (56.7%) 32 (41.0%)

According to Response Evaluation Criteria in Solid Tumors (RECIST). Five patients without target lesions were excluded (second-line: 2 patients, later-line: 3 patients).
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Nivolumab group Taxane group

(n=61) (n=110)
Grade 1-2 Grade 3 Grade 4 Grade 5 Grade 3 Grade 4

All events® 31 (50.8%) 8 (13.1%) 0 0 57 (51.8%) 50 (45.4%) 26 (23.6%) 2 (1.8%)
Rash 9 (14.7%) 0 0 0 5 (4.5%) 0 0 0
Fatigue 7 (11.4%) 3 (4.9%) 0 0 27 (24.6%) 5 (4.5%) 0 0
Decreased appetite 7 (11.4%) 3 (4.9%) 0 0 19 (17.3%) 5 (4.5%) 0 0
Diarrhea 6(9.8%) 0 0 0 8 (7.2%) 1(0.9%) 0 0
Arthralgia 3 (4.9%) 0 0 0 14 (12.7%) 0 0 0
Nausea 2(3.3%) 1 (1.6%) 0 0 25 (22.7%) 0 0 0
Vertigo 1 (1.6%) 0 0 0 2 (1.8%) 0 0 0
Edema 1 (1.6%) 0 0 0 0 0 0 0
Melena 1 (1.6%) 0 0 0 0 0 0 0
Alopecia 0 0 0 0 49 (44.5%) 0 0 0
Stomatitis 0 0 0 0 15 (13.6%) 1(0.9%) 0 0
Paronychia 0 0 0 0 1(0.9%) 0 0 0
Peripheral sensory neuropathy 0 0 0 0 15 (13.6%) 0 0 0
Interstitial pneumonia 1 (1.6%) 1 (1.6%) 0 0 2 (1.8%) 1 (0.9%) 1 (0.9%) 1 (0.9%)
Pneumonia 4 (6.6%) 2(3.3%) 0 0 7 (6.3%) 0 0 1(0.9%)
Pancreatitis 2 (3.3%) 0 0 0 0 0 0 0
‘White blood cell count decrease 0 0 0 0 15 (13.6%) 25 (22.7%) 9 (8.1%) 0
Neutrophil count decrease 1 (1.6%) 0 0 0 8(7.3%) 23 (20.9%) 22 (20.0%) 0
Anemia 1 (1.6%) 0 0 0 15 (13.6%) 10 (9.1%) 0 0
Febrile neutropenia 0 0 0 0 0 10 (9.1%) 4 (3.6%) 0

I Hepatopathy 3 (4.9%) 0 0 0 0 0 0 0
Renal dysfunction 1(1.6%) 0 0 0 0 0 0 0
Adrenal hypofunction 0 1 (1.6%) 0 0 0 0 0 0
Thyroid hypofunction 8 (13.1%) 0 0 0 0 0 0 0

According to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 4.0.
“Number of patients who showed adverse events, categorized by Grade.
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Figure 1

Second- or later-line therapy

Nivolumab (n = 52) 1-y PFS, 24.9%

Taxane (n = 105) 1-y PFS, 7.2%

2 4 6 8 10 12 14 16 18
Months

36 25 21 18 13 13 10 9 8

76 39 19 13 9 8 7 a 7

Second-line therapy

Nivolumab (n = 37) 1-y PFS, 33.0%

Taxane (n = 80) 1-y PFS, 6.6%
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Months
26 18 16 13 11 10 9 9 8
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Nivolumab group Taxane group

Parameter =Gl (n=110)
Age (mean + SD, y) 66292 700 £ 8.3 64.1£9.0 <0.0001
Sex
Male 151 (88.3%) 52 (85.2%) 99 (90.0%)
0.8590
Female 20 (11.7%) 9 (14.8%) 11 (10.0%)
ECOG PS
| 0 94 (55.0%) 30 (49.2%) [ 64 (58.2%)
1 69 (40.3%) 25 (41.0%) 44 (40.0%) 0.0503
2 8 (4.7%) 6(9.8%) 2 (1.8%)

History of smoking

Never 21 (12.3%) 8 (13.1%) 13 (11.8%)
Former 96 (56.1%) 38 (62.3%) 58 (52.7%) 0.3396
Current 54 (31.6%) 15 (24.6%) 39 (35.5%)

Tumor makers
SCC (mean + SD, ng/mL) 39+74 42+85 37+67 06729
CEA (mean + SD, ng/mL) 9.1 4502 16.0 +82.9 534103 0.1807

Primary tumor location

Cervical 24 (14.0%) 13 (21.3%) 11 (10.0%)
Upper 27 (15.8%) 6(9.8%) 21 (19.1%)
0.1021
Middle 75 (43.9%) 28 (45.9%) 47 (42.7%)
Lower 45 (26.3%) 14 (23.0%) 31 (28.2%)
Clinical T
cT1 16 (9.4%) 7 (11.5%) 9 (8.3%)
cT2 9 (5.3%) 1 (1.6%) 8 (7.3%)
0.2858
cT3 113 (66.5%) 39 (63.9%) 74 (67.9%)
cT4 32 (18.8%) 14 (23.0%) 18 (16.5%)
Clinical N*
N0 28 (16.4%) 13 (21.3%) 15 (13.6%)
N1 59 (34.5%) 22 (36.1%) 37 (33.7%)
0.1042
cN2 51 (29.8%) 20 (32.8%) 31 (28.2%)
cN3 33 (19.3%) 6 (9.8%) 27 (24.5%)
Clinical M?
cM0 103 (60.6%) 37 (60.7%) 67 (60.9%)
0.9077
cM1 67 (39.4%) 24 (39.3%) 43 (39.1%)
Clinical stage®
1 11 (6.4%) 6 (9.8%) 5 (4.5%)
)il 14 (8.2%) 6 (9.8%) 8 (7.3%)
0.3831
it 61 (35.7%) 18 (29.6%) 43 (39.1%)
v 85 (49.7%) 31 (50.8%) 54 (49.1%)
Disease status
Postoperative recurrence 79 (46.2%) 24 (39.3%) 55 (50.0%)
0.1806
No esophagectomy 92 (53.8%) 37 (60.7%) 55 (50.0%)
Previous therapies®
Surgery 79 (46.2%) 24 (39.3%) 55 (50.0%) 0.1806
Radiation therapy 131 (76.6%) 44 (72.1%) 87 (79.1%) 0.3031
Systemic anticancer therapy 171 (100%) 61 (100%) 110 (100%) 1.0000
Number of previous chemotherapies
1 147 (86.0%) 48 (78.7%) 99 (90.0%)
2 17 (9.9%) 9 (14.8%) 8 (7.2%) 0.2207
>3 7 (4.1%) 4 (6.5%) 3 (2.8%)
Histology of biopsy©
Well-differentiated 7 (4.1%) 1 (1.6%) 6 (5.5%)
Moderately differentiated 51 (29.8%) 20 (32.8%) 31 (28.2%)
0.2370
Poorly differentiated 51 (29.8%) 14 (23.0%) 37 (33.6%)
Squamous cell carcinoma (not assessable) 62 (36.3%) 26 (42.6%) 36 (32.7%)
Histology of surgical specimens® (n = 79)
Well-differentiated 5 (6.3%) 1 (4.2%) 4(7.3%)
Moderately differentiated 32 (40.5%) 11 (45.8%) 21 (38.2%)
0.1002
Poorly differentiated 29 (36.7%) 5 (20.8%) 24 (43.6%)
Squamous cell carcinoma (not assessable) 13 (16.5%) 7 (29.2%) 6 (10.9%)

SD, standard deviation; values are shown as n (%) or as mean + SD; ECOG PS, Eastern Cooperative Oncology Group performance status; SCC, squamous cell carcinoma-related antigen; CEA,
carcinoembryonic antigen.

“Pretherapeutic staging according to TNM classification, 8th edition.

“Some cases underwent more than one therapy before nivolumab or taxane therapy.

“Biopsy tissue from upper gastrointestinal endoscopy at the initial examination in all cases.

“4Permanent pathology in surgical cases.





