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Introduction

We evaluated the effect of high-dose polymeric nanoparticle micellar paclitaxel (PM-Pac) on survival in patients with stage III-IV high-grade serous ovarian cancer (HGSC) who underwent upfront surgery.





Methods

We prospectively recruited the patients who received PM-Pac (280 mg/m2) and carboplatin at an area under the curve (AUC) of 5 (cohort 1) in two tertiary centers between October 2015 and June 2019. As historical controls, we retrospectively collected data on those who received paclitaxel (175 mg/m2) and carboplatin (AUC 5; cohort 2) or paclitaxel (175 mg/m2), carboplatin (AUC 5) and bevacizumab (15 mg/kg; cohort 3).





Results

A total of 128 patients were divided into cohorts 1 (n=49, 38.3%), 2 (n=53, 41.4%), and 3 (n=26, 20.3%). Cohort 1 showed better progression-free survival (PFS) than cohort 2 in all patients and those treated with optimal debulking surgery (ODS; median, 35.5 vs. 28.1 and 35.5 vs. 28.9 months; p ≤ 0.01) despite no difference in PFS between cohorts 1 and 3 and between cohorts 2 and 3. In particular, stage III disease was a favorable factor for PFS, whereas cohort 2 was related to worse PFS (adjusted hazard ratios, 0.456 and 1.834; 95% confidence interval, 0.263 – 0.790 and 1.061 – 3.171), showing no difference in PFS between cohorts 1 and 3 in those treated with ODS.





Conclusion

High-dose PM-Pac improved PFS compared to conventional chemotherapy, and the change of paclitaxel to PM-Pac had as much effect on PFS as the addition of bevacizumab in patients with stage III-IV HGSC who underwent ODS.
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1 Introduction

Paclitaxel combined with platinum such as cisplatin or carboplatin has become the standard medical treatment after upfront surgery for advanced ovarian cancer, which shows overall response rates of 73-75%, progression-free survival (PFS) of 18-19.4 months, and overall survival (OS) of 38-48.7 months (1, 2). Considering its cytotoxic effect, paclitaxel is still used as adjuvant therapy in the era of targeted or immune oncologic therapy (3–6).

To increase the solubility of paclitaxel, a fat-soluble anti-cancer agent, it is prepared with a micelle-forming vehicle, polyoxyl-35-castor oil (Cremophor EL) (7). However, Cremophor EL causes hypersensitivity reactions and neurotoxicity (8, 9), and impedes drug metabolism and tissue distribution because of non-linear pharmacokinetics (10). Even though Cremophor EL-free paclitaxel exhibits linear pharmacokinetics, it shows low biological responses because the altered pharmacokinetics and relevant toxicities are further increased when the dose is raised to increase activity (11).

To reduce dose-limiting toxicities (DLTs) and maximize the therapeutic effect in different types of cancers, polymeric nanoparticle micellar paclitaxel (PM-Pac) has been developed as a Cremophor EL-free formulation (12–14). Especially, phase I trials showed that the maximum tolerated dose (MTD) of PM-Pac was 390 mg/m2 as monotherapy (15), and 260 mg/m2 when combined with carboplatin (16), suggesting that PM-Pac may be safely used at higher doses than paclitaxel in patients with ovarian cancer. Moreover, PM-Pac/carboplatin reportedly showed a non-inferior effect with tolerable toxicities compared with conventional paclitaxel and carboplatin in the patients (17).

However, there is no study to evaluate the effect of PM-Pac compared with conventional regimens or targeted therapy for patients with ovarian cancer where external variables, including the International Federation of Gynecology and Obstetrics (FIGO) stage, histology and degree of tumor resection are controlled. Thus, we conducted a prospective cohort study for only patients with stage III-IV high-grade serous carcinoma of the ovary (HGSC) who received PM-Pac/carboplatin after upfront surgery, and its effect was evaluated by comparing with paclitaxel/carboplatin and paclitaxel/carboplatin/bevacizumab for those treated during the same period.




2 Materials and methods



2.1 Study design

We performed a prospective cohort study for patients with stage III-IV HGSC who received PM-Pac/carboplatin after ODS between October 2015 and June 2019, and compared its effect with paclitaxel/carboplatin and paclitaxel/carboplatin/bevacizumab for those treated during the sample period in two tertiary centers. Institutional Review Boards of Seoul National University Hospital (No. 1508-121-697) and Ajou University Medical Center (No.MED-OBS-15-321) approved this study in advance. This study was registered at ClinicalTrial.gov (No. NCT05300828). For the prospective cohort study, we consecutively recruited patients who were aged 18 years or older; had Eastern Cooperative Oncology Group (ECOG) performance status of 0-2; had stage III-IV HGSC; received PM-Pac/carboplatin after upfront surgery; signed the approved informed consent form. On the other hand, we excluded patients who had non-HGSC; received neoadjuvant chemotherapy followed by interval debulking surgery; had other malignancies affecting the prognosis; and received other targeted or immune oncologic therapy except bevacizumab.

As historical controls, we retrospectively collected data on those who received paclitaxel/carboplatin or paclitaxel/carboplatin/bevacizumab during the same period. The eligibility criteria for the retrospective group were the same as those for the prospective group except for the chemotherapeutic regimen.




2.2 Treatment

After upfront surgery, all patients were divided into the following three groups; cohort 1, the prospective cohort where PM-Pac/carboplatin were used; cohort 2, one of the retrospective cohorts where paclitaxel/carboplatin were used; cohort 3, the other retrospective cohort where paclitaxel/carboplatin/bevacizumab were used. In cohort 1, we administered Genexol-PM (Samyang Co., Seoul, Republic of Korea) of 280 mg/m2 and carboplatin at an area under the curve (AUC) of 5 every three weeks, whereas paclitaxel of 175 mg/m2 and carboplatin at AUC 5.0 were used as the conventional chemotherapy every three weeks in cohort 2. Furthermore, bevacizumab of 15 mg/kg was administered with the conventional chemotherapy for six cycles, and then it was added for up to 12 more cycles as maintenance therapy in cohort 3.




2.3 Data collection

We collected clinicopathologic information about age, FIGO stage, BRCA mutation, degree of tumor resection, cycles of chemotherapy, tumor response, and survival. Optimal debulking surgery (ODS) was defined when the size of residual tumors was 1 cm or less. PFS was defined as the time interval from the date of surgery to the date of disease relapse or last follow-up, and OS was defined as the time interval from the date of surgery to the date of cancer-related death or last follow-up.




2.4 Statistical analysis

We compared variables among the three cohorts with analysis of variance, Kruskal-Wallis and chi-square tests, and survival variables were evaluated by the Kaplan-Meier methods with the log-rank test. Prognostic factors were determined using Cox’s proportional hazard regression analysis using hazard ratio (HR) and 95% confidence interval (CI). For statistical analysis, we used SPSS software version 22.0 (SPSS Inc., Chicago, IL, USA), and p <0.05 was considered statistically significant.





3 Results



3.1 Patient characteristics

Among a total of 128 patients included in this study, we consecutively recruited 49 (38.3%) treated with PM-Pac/carboplatin in cohort 1, whereas 53 (41.4%) and 26 (20.3%) were included in cohorts 2 and 3, respectively. Table 1 depicts patients’ characteristics, and patients with stage IV disease were more in cohort 3 than in cohorts 1 and 2 (69.2% vs. 20.4% and 34%; p <0.05). However, there were no differences in age, BRCA status, degree of tumor resection, cycles of chemotherapy, and tumor response among the three cohorts.


Table 1 | Patients’ characteristics.






3.2 Survival

When we compared PFS and OS among cohorts 1, 2, and 3 in all patients, cohort 1 showed better PFS than cohort 2 (median, 35.5 vs. 28.1 months; p <0.01), whereas there were no differences in it between cohorts 1 and 3 (median, 35.5 vs. 24.9 months; p=0.17) and between cohorts 2 and 3 (median, 28.1 vs. 24.9 months; p=0.45). In patients treated with ODS, cohort 1 also demonstrated better PFS than cohort 2 (median, 35.5 vs. 28.9 months; p=0.01) despite no differences in it between cohorts 2 and 3 (median, 26.8 vs. 28.9 months; p=0.23) and between cohorts 1 and 3 (median, 35.5 vs. 26.8 months; p=0.50; Figure 1). Nevertheless, OS was not different among the three cohorts in all patients and those treated with ODS (Figure 2).




Figure 1 | Comparison of progression-free survival among cohorts 1, 2, and 3 in (A) all patients and (B) patients who underwent optimal debulking surgery: cohort 1, polymeric micellar paclitaxel and carboplatin; cohort 2, paclitaxel and carboplatin; cohort 3, paclitaxel, carboplatin and bevacizumab.






Figure 2 | Comparison of overall survival among cohorts 1, 2, and 3 in (A) all patients and (B) patients who underwent optimal debulking surgery: cohort 1, polymeric micellar paclitaxel and carboplatin; cohort 2, paclitaxel and carboplatin; cohort 3, paclitaxel, carboplatin and bevacizumab.






3.3 Prognostic factors

In terms of PFS, stage III disease and ODS were favorable factors in all patients (adjusted HRs, 0.500 and 0.348; 95% CIs, 0.306 – 0.817 and 0.156 – 0.777). On the other hand, stage III disease was still a favorable factor (adjusted HR, 0.456; 95% CI, 0.263 – 0.790), whereas cohort 2 was related to worse PFS in those treated with OFS (adjusted HR, 1.834; 95% CI, 1.061 – 3.171; Table 2). Regarding OS, ODS was the only favorable factor in all patients (adjusted HR, 0.044; 95% CI, 0.008 – 0.248), whereas there was no factor affecting OS in those treated with ODS (Table 3). When we evaluated the hazards of disease progression and cancer-related death, cohort 3 tended to have a lower hazard than cohorts 1 and 3 in all patients, whereas cohorts 1 and 3 tended to have similar hazards, with less hazard than cohort 2 (Figures 3, 4).


Table 2 | Factors affecting progression-free survival.




Table 3 | Factors affecting overall survival.






Figure 3 | Comparison of progression-free survival proportion by Cox proportional hazards regression analysis among cohorts 1, 2, and 3 in (A) all patients and (B) patients who underwent optimal debulking surgery: cohort 1, polymeric micellar paclitaxel and carboplatin; cohort 2, paclitaxel and carboplatin; cohort 3, paclitaxel, carboplatin and bevacizumab (HR, hazard ratio).






Figure 4 | Comparison of overall survival proportion by Cox proportional hazards regression analysis among cohorts 1, 2, and 3 in (A) all patients and (B) patients who underwent optimal debulking surgery: cohort 1, polymeric micellar paclitaxel and carboplatin; cohort 2, paclitaxel and carboplatin; cohort 3, paclitaxel, carboplatin and bevacizumab (HR, hazard ratio).







4 Discussion

This study showed the potential that PM-Pac/carboplatin might be superior to paclitaxel/carboplatin with a similar effect to paclitaxel/carboplatin/bevacizumab on improved PFS, in particular, for patients with stage III-IV HGSC who underwent ODS. These findings suggest that PM-Pac may be more beneficial than conventional paclitaxel in improving the prognosis in the patients.

In a previous randomized phase II trial, PM-Pac/carboplatin showed the only non-inferior effect on PFS with no benefit of high-dose paclitaxel by formulation change (17). However, early-stage disease, different types of histology and tumor differentiation, and various degrees of tumor resection would act as a bias for evaluating the effect of PM-Pac/carboplatin on survival compared with paclitaxel/carboplatin in the phase II trial. On the other hand, we adjusted these variables in this study and then found that the change from conventional paclitaxel to PM-Pac was comparable to the addition of bevacizumab for improving PFS in patients with advanced HSGC who underwent ODS.

Even though high-dose paclitaxel formulated conventionally demonstrated no benefit of tumor response and survival with more relevant toxicities in breast cancer (18), nanoparticle albumin-bound paclitaxel showed higher response rates with acceptable toxicities in breast, lung, and pancreatic cancers, suggesting that it could improve drug distribution in the body while inducing rapid elimination from serum (19–21). PM-Pac also had linear pharmacokinetics with lower peak concentration and shorter half-life than conventional paclitaxel, whereas the volume of distribution was greater after intravenous injection of PM-Pac (15), which can contribute to the removal of latent disseminated tumors not visible to the naked eye during debulking surgery.

To support these hypotheses, a recent phase III trial for comparing the effect between PM-Pac (230 mg/m2)/cisplatin and paclitaxel (175 mg/m2)/cisplatin has reported better tumor response and PFS in patients with lung cancer (12). Even though there is a lack of relevant phase III trials for ovarian cancer, two randomized controlled trials for evaluating hyperthermic intraperitoneal chemotherapy (HIPEC) have shown that HIPEC may improve survival in patients with advanced ovarian cancer who underwent ODS after neoadjuvant chemotherapy, suggesting that hidden peritoneal metastasis not resected during interval debulking surgery can be further removed by adding HIPEC (22, 23).

However, there were no differences in OS among the three cohorts. Considering that the effect of bevacizumab on improved OS was observed in only patients with high-risk factors for recurrence, including stage IV disease, inoperable stage III disease, and suboptimal debulking surgery in ICON7 study (24), cohort 3 consisted of a heterogenous population with various risk factors for recurrence, which failed to show the survival benefit of bevacizumab in this study. Furthermore, historical comparisons using retrospective cohorts 2 and 3, including the small number of patients, may act as a bias in interpreting that a survival benefit from PM-Pac can be expected as much as an improvement in PFS with the addition of bevacizumab.

Nevertheless, this study is meaningful in that it suggested for the first time the possibility that high-dose paclitaxel with a modified formulation can increase PFS, like adding bevacizumab to conventional chemotherapy in advanced ovarian cancer. Considering the trend of mixing targeted or immune oncologic agents with conventional chemotherapy to improve tumor response and survival in recent clinical trials such as the PAOLA-1 study (6), PM-Pac is expected to present the potential of showing a similar effect and reduced toxicities while decreasing the number of agents used together in advanced ovarian cancer. Moreover, the use of PM-Pac/carboplatin with short cycles can be considered to provide an equivalent or greater effect compared with conventional paclitaxel/carboplatin for treating early-stage ovarian cancer, with less toxicity due to reduced cycles, based on the results of this study. This hypothesis is also worthy of further evaluation in relevant clinical trials in the future.
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FIGO, International Federation of Gynecology and Obstetrics; VUS, variant of uncertain significance.
Cohort 1, polymeric micellar paclitaxel and carboplatin; cohort 2, paclitaxel and carboplatin; cohort 3, paclitaxel, carboplatin and bevacizumab.






