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We retrospectively analyzed therapeutic strategies and risk factors for overall survival (OS) in disease recurrence following curative nephrectomy for localized renal cell carcinoma (loRCC) using the Korean National Cancer Registry Database. We selected 1295 recurrent loRCC patients who underwent either partial or radical nephrectomy from 2007–2013. Patients were excluded for age <19 years, secondary RCC, multiple primary tumors, other SEER stages except for a localized or regional stage, postoperative recurrence within 3-month, and non-nephrectomized cases. Four therapeutic groups were statistically analyzed for OS and risk factors: surgery (OP, 12.0%), other systemic therapy (OST, 59.5%), radiotherapy (RT, 2.8%), and targeted therapy (TT, 25.8%). The overall mortality rate for recurrent loRCC was 32.5%, including 82.4% for RCC-related deaths. The baseline comparison among groups showed statistical differences for the diagnostic age of cancer and the SEER stage (p<0.05). Multivariate analysis of OS showed significance for the TT (hazard ratio [HR]: 6.27), OST (HR: 7.05), and RT (HR: 7.47) groups compared with the OP group, along with significance for the sex, SEER stage, and the time from nephrectomy to treatment for disease recurrence (p<0.05). The median OS curve showed a significantly better OS in the OP group (54.9 months) compared with the TT, OST, and RT groups (41.7, 42.9, and 38.0 months, respectively; p<0.001). In conclusion, the surgery-treated group had the best OS among the different therapeutic strategies for recurrent loRCC after nephrectomy, and the importance of the time from nephrectomy to secondary treatment was a significant prognostic factor.
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Introduction

Renal cell carcinoma (RCC) is a radio- and chemo-resistant tumor for which surgical removal of primary kidney tumor via radical or partial nephrectomy in localized RCC (loRCC) is the standard curative strategy (1, 2). Once the RCC becomes either advanced or metastatic, the 5-year overall survival (OS) rates significantly decrease from 85–95% to <30% for loRCC (3). Among the surgically treated loRCC cases, about 33–50% of patients experience disease recurrence within two years resulting in a survival rate of <30% (1, 4–7), with rarely later recurrence after postoperative 5-year (6, 8–10). Therefore, it is important to identify any predisposing characteristics of disease recurrence after nephrectomy and detect them as early as possible to initiate an earlier therapeutic strategy with adequate periodic imaging methods to improve the survival prognosis.

The recurrent disease includes distant metastasis and local disease recurrence. Several therapeutic modalities are available for its treatment, dependent on tumor-related risk factors, the intrinsic tumor pathology, and the extent and location of the recurrence; this results in diverse and unpredictable therapeutic outcomes (5, 6). In addition to there being multiple therapeutic priorities, deciding the most appropriate and best therapeutic options for disease recurrence is also complicated by its rarity, unpredictability, tumor heterogeneity, and the lack of large-scale, randomized studies that support any management type (1, 6–8). Since the disease recurrence can be a local recurrence at the operative area, distant metastasis, or synchronous local recurrence and distant metastasis, various and complex therapeutic strategies exist in combination with local and systemic therapies.

Due to the differences, heterotrophic heterogenicity, and complex appearances of local recurrence from distant metastasis, it is difficult to determine the most appropriate treatment and to generalize recommendations from randomized trials for improving survival prognoses and treatment outcomes (4–6, 8). This creates uncertainty in real-world clinics for choosing the best treatment for recurrent loRCC following a nephrectomy based on information from the national insurance coverage system, clinicians’ experiences, and a few multicentric, retrospective, and prospective studies (1, 4–8).

This study retrospectively evaluated, for the first time in Korea, the therapy methods and patterns of recurrent loRCC after either radical or partial nephrectomy using a population-based National Cancer database and the National Insurance Claim databases in Korea to analyze overall survival (OS) and related risk factors.



Materials and Methods


Ethics Statement

This study was approved by the Institutional Review Board (IRB) of the National Cancer Center and Cancer Research Institute in Korea (IRB no. NCC2015-0217). The analytical methodology for using the Korean National Policy System database has been previously described (10). A detailed cohort was selected for cancer incidence and mortality data from 2006–2013 from the Korean National Health Insurance System of Statistics and the Korea National Cancer Incidence Database of Korean Central Cancer Registry.



Patients’ Criteria

An ICD-10 code of C64 for RCC from the Korean National Insurance Policy Database was used to extract data for patients with localized RCC following either partial or radical nephrectomy who had postoperative secondary treatment from 2007–2013. LoRCC was defined as a localized or regional stage according to the SEER staging system. Patients were excluded for age <19 years, secondary RCC, multiple primary tumors, other SEER stages except for localized and regional, postoperative therapies within 3 months after nephrectomy, and non-nephrectomized cases. There were 1295 (4.6%) nephrectomy cases selected out of 25,792 cases Figure 1.




Figure 1 | Flowchart of patient selection according to inclusion and exclusion criteria in the National Insurance Policy Database.




Group Definitions According to the Secondary Therapies

The therapeutic treatments 3-months after nephrectomy for the 1295 patients were grouped as OP for surgery (n=155, 12.0%), OST for other systemic therapy (n=334, 25.8%), RT for radiation therapy (n=36, 2.8%), and TT for targeted therapy (n=770, 59.5%) according to the first method of secondary treatment after nephrectomy. For example, the patient was enrolled into the OP group if the recurrent loRCC received surgery and adjuvant or neoadjuvant chemotherapy, radiation therapy, or targeted therapy. However, when the patient received only TT as the first therapy, the patient was enrolled into the TT group. When the patient received OST first and then either TT or RT, the patient was enrolled in the OST group. This means the RT group was composed of patients that received RT only. We determined the postoperative 3-month time index to exclude the obscured synchronous metastatic RCC at nephrectomy and include the post-nephrectomized recurrent LoRCC.




Statistical Analysis

Student’s t-test, the chi-square test, and Fisher’s exact test were used to compare the baseline characteristics between groups, including age at RCC diagnosis, sex, residential location, insurance type, SEER stage, year of RCC diagnosis, time from cancer diagnosis to the first nephrectomy, time from nephrectomy to the secondary treatment for disease recurrence, secondary treatment type, and mortality/survival (Table 1). The OS of the four therapeutic groups were compared. Multivariate analysis was performed for the risk factors of OS, and Kaplan-Meier analysis with the log-rank test were performed; a p-value <0.05 was considered significant. From the starting date of nephrectomy, hazard ratios (HR) with 95% confidence interval (CI) values from Cox proportional hazard models for mortality were analyzed to investigate the effects of secondary treatments. Age at RCC diagnosis, sex, residential location, insurance type, SEER stage, year of RCC diagnosis, time from cancer diagnosis to the first nephrectomy, and time from nephrectomy to the secondary treatment for disease recurrence were used to adjust the Cox proportional model. Two-sided p-values <0.05 were considered statistically significant. All statistical analyses were performed using SAS (release 9.4, SAS Institute Inc., North Carolina, USA).


Table 1 | Overall patient’s baseline demographics according to the therapeutic types.







Results


Baseline Characteristics

Among 1124 radically nephrectomized patients and 171 partially nephrectomized patients, 421 (32.5%) deaths were observed during the study period, including 17.6% of non-RCC-specific deaths (Table 1). The median OS of each group was 54.9, 41.7, 42.9, and 38.0 months for the OP, TT, OST, and RT groups, respectively (Figure 2). The median periods for each treatment group from nephrectomy to the secondary treatment after postoperative disease progression were 32.7, 26.0, 25.2, and 24.1 months for the OP, TT, OST, and RT groups, respectively.




Figure 2 | Kaplan-Meier plot of (A) overall survival and (B) cancer-specific survival among overall patients according to the therapeutic group.



The comparison of baseline characteristics between the four treatment groups showed that the cancer-diagnostic age, the presence of cerebrovascular disease, the CCI, the histology, the SEER stage, and the mortality and survival rates were significantly different (p<0.05, Table 1). The comparison of baseline characteristics between the radical and partially nephrectomized groups showed that only the SEER stage and mortality/survival rates were significantly different (p<0.001, Supplementary Table 1). Among the radically nephrectomized group (n=1124, Table 2), the comparison of baseline characteristics among the four different therapeutic groups showed results similar to those in Table 1: significant differences were observed in the cancer-diagnostic age, the presence of cardiovascular disease, the histology, the SEER stage, and the mortality and survival rates (p<0.05).


Table 2 | Baseline characteristics among 1124 radically nephrectomized patients.






Multivariate Results for Survival Outcomes

In the multivariate analysis of OS, the obese BMI (HR: 0.47, 95%CI: 0.23–0.96), regional SEER stage (HR: 1.78, 95%CI: 1.29–2.47), a postoperative after-two-year from nephrectomy to secondary treatment for disease recurrence (HR: <1.0, years post-nephrectomy), and the secondary treatment types (HR: 7.62 for TT and HR 7.68 for OST) were significant risk factors (p<0.05, Table 3). In adjusted multivariate analysis, only 1124 radically nephrectomized RCC patients had predictive OS risk factors similar to 1295 overall patients (p<0.05, Supplementary Table 2).


Table 3 | Multivariate analysis of overall survival in RCC patients with postoperative disease progression after nephrectomy.



In the multivariate analysis of CSS, the regional SEER stage (HR: 1.83, 95%CI: 1.28–2.62), a postoperative after-two-year from nephrectomy to secondary treatment for disease recurrence (HR: <1.0, years post-nephrectomy), and the secondary treatment types (HR: 9.86 for TT, HR 7.77 for OST, and HR 8.01 for RT) were significant risk factors (p<0.05, Table 4).


Table 4 | Multivariate analysis of RCC specific survival in RCC patients with postoperative disease progression after nephrectomy.





Propensity Score Matching Results

The three different treatment groups were compared after 1:1 Propensity-score matching by adjusting the gender, age, CCI, and SEER staging. In the comparison between the OP and TT groups, the presence of comorbid diseases such as hypertension and diabetes, mortality and cause of death were significantly different (p<0.05, Table 5). In comparing TT and OST groups, histology, year of cancer diagnosis, and cause of death were significantly different (p<0.05).


Table 5 | PS matching 1:1 adjusted by matching variable: gender, SEER staging, CCI, and age.




In the multivariate analysis of CSS with 1:1 propensity score matching cohort between OP and TT groups (Table 6A), the time from nephrectomy to the secondary treatment since 2 years (24-35 months, HR 0.24 CI 0.073-0.784; 36-month< HR 0.124, CI 0.043-0.358) and TT (HR 8.988, CI 3.092-26.126) were significant factors (p<0.05). In the propensity-score matching cohort between TT and OST groups (Table 6B), the CCI group 1 (HR 1.736, CI 1.115-2.703) and CCI group 3 (HR 1.86, CI 1.23-2.812), regional SEER stage (HR 1.617, CI 1.178-2.22), and the time from nephrectomy to the secondary treatment since 2 years (24-35 months, HR 0.261 CI 0.148-0.459; 36-month< HR 0.114, CI 0.066-0.198) were significant factors (p<0.05).


Table 6 | Multivariate analysis of cancer specific survival in 1:1 PSM matched RCC patients between (A) OP and TT groups and (B) TT and OST groups with postoperative disease progression after nephrectomy.







Survival Comparisons Between Groups

The Kaplan-Meier OS/CSS curve showed a prominently better OS/CSS in the OP group than in other treatment groups (p<0.05, Figure 2). The median OS/CSS of the OP, TT, OST, and RT groups were 54.9/54.9, 41.7/41.9, 42.9/43.5, and 38.0/38.0 months, respectively (p<0.001, Figure 2). For radically nephrectomized RCC patients, the median OS of the OP, TT, OST, and RT groups were 55.3, 41.6, 40.9, and 27.7 months, respectively (p<0.001, Supplementary Figure 1).




Discussion

This population-based retrospective cancer registry study is the first real-world descriptive and analytic study reporting the Asian therapeutic strategies and predictive risk factors for OS in recurrent loRCC following either radical or partial nephrectomy. Due to its low incidence rate (<5–7% for loRCC) and heterotrophic and heterogenic nature, it is not easy to design randomized clinical trials to predict disease recurrence of nephrectomized loRCC by comparing prognostic outcomes among therapeutic strategies and to generalize standardized therapeutic protocols for recurrent loRCC. Real clinical situations force many clinicians to depend upon their own experience and judgment for treatment decisions in recurrent loRCC, based on retrospective multicentric studies and small-sample case-cohort studies (1, 8, 11–13). This study provides clinical data for informing therapeutic decisions in recurrent loRCC after curative nephrectomy based on real-world outcomes from different therapeutic strategies. Moreover, this study identified that the time from nephrectomy to disease recurrence or secondary treatment for recurrent loRCC is an important prognostic factor for OS.

Various therapeutic treatments have been applied for recurrent loRCC after nephrectomy in combination with local or systemic therapies. Consistent with our findings, the best prognostic outcome was reported for surgical removal of the recurrent tumor to make the patient pathologically and radiologically tumor-free (1, 6, 7, 11, 13); the patients also had better outcomes with younger age, lower isolated tumor burden, and lesions that allowed for successful surgery under general anesthesia such as retroperitoneal lymph node at renal fossa, lung, or bone (11, 13, 14). Having a higher tumor burden with more-disseminated areas, a poorer general condition, and greater underlying disease that require non-surgical treatments for the disease recurrence each resulted in worse OS than that of the OP group.

Furthermore, minimally invasive surgical modalities, including laparoscopy and robot-assisted surgery (1, 6, 7, 15–17), have enabled successful surgery for low recurrent tumor burdens, with longer disease-free states to the next systemic therapy, fewer severe complications, earlier recovery, and allowing for interventive application of adjuvant systemic agent or focal therapy (2, 11, 12, 14, 17–19). Retroperitoneal lymph node dissection, venous thrombectomy, and cytoreductive metastasectomy of distant metastatic organs or perirenal fossa are the best surgical operations that allow better prognostic outcomes in recurrent loRCC (20, 21), in which patients recover earlier, with less-severe complications, and more-enhanced strategic management.

Unexpectedly, the RT group showed the worst OS (HR 7.47; Table 3 and Figure 2). Since RCCs are radioresistant tumors, most recurrent cases received radiation therapy as adjuvant therapy combined with other surgical or systemic agent therapies. However, the RT group comprises cases that received only RT since they were unsuitable for either surgery or systemic therapies due to older age, poorer general condition, greater underlying disease, and higher tumor burdens (Table 2). The radiation therapy in the RT group was performed for palliative rather than the curative purpose and specific recurrent lesions related to high morbidities, such as central nervous system and/or bone lesions. Systemic or external beam radiation therapy targeted at the localized site is reported to have a 5-year OS of 40–73% for recurrent RCC after nephrectomy (18, 19, 21). This might explain why the RT group had the worst OS and a higher rate of non-RCC deaths.

The systemic-agent groups in this study, OST (HR 7.05 for OS) and TT (HR 6.27), were composed of inoperable patients, with insignificant differences between them, and a worse OS is expected compared to the OP group. Since the introduction of TT agents in 2005, the survival of RCC has improved markedly by a median 6–18 months, as compared to cytokine usage for advanced or metastatic RCC in the pre-TT era. Treatment with only OST agents indicated only a small portion of specific histological RCC in the TT era (25.79% for OST vs. 59.46% for TT); therefore, it is not easy to compare the OS between the TT and OST groups. Diverse clinical trials using TT agents have been testified and are ongoing as neoadjuvant and adjuvant settings; they failed to provide survival benefits, and adverse events increased in loRCC cohorts after nephrectomy, except for some highly selected high-risk patients (1, 6, 15). However, some positive effects of systemic TT and OST were identified in trials, showing significant downsizing of the tumor burden, decreasing local recurrence or metastasis, and allowing other subsequent treatments (1, 6, 15, 16). Although this study did not include recently introduced immune-checkpoint inhibitors, a combined TT and OST agent might further improve OS without severe adverse events in recurrent loRCC, or in the prevention of disease recurrence, in future neoadjuvant and adjuvant trials (9, 15, 22, 23).

Four significantly favorable predictive factors of OS have been identified: the female sex (HR: 0.72) (24), a regional SEER stage (HR: 1.74), a longer period between nephrectomy and post-nephrectomized secondary treatments after one postoperative year (HR: <1.0 y) (25–27), and the secondary treatment types (HR: >6.0 for TT, OST, and RT) (p<0.05; Table 3 and Supplementary Table 2). Significantly, an interval between nephrectomy and disease recurrence of less than one year is already a proven factor of unfavorable survival prognosis in metastatic and advanced RCC (25–27). The disease recurrence within one year after nephrectomy was affected most by poorer baseline general conditions and poorer pathologic characteristics of the primary loRCC, suggesting that invisible circulating tumors or an inherent dormant metastatic niche might have already existed at the time of nephrectomy despite a free resection margin. Therefore, further studies would be needed to expand the indications for active adjuvant therapies and identify a patient’s baseline general conditions, including immune status and pathologic information on the primary tumor.

Since about half of the disease recurrences occur within 2 years after nephrectomy, and this study showed that one-year postoperative treatment interval was a significant factor for favorable OS (p<0.05, HR: 0.61 for 13–24 months, HR: 0.33 for 25–36 months and HR: 0.12 for > 36 months, Table 3), it is important to discuss the benefit of early secondary treatment for recurrent loRCC between 1–2 years after nephrectomy. Furthermore, since no postoperative follow-up biomarkers, no adequate indicators for surgical timing of metastasectomy or local surgery, and no effective adjuvant therapies have been established in recurrent loRCC (1, 4–7), an intensive conditional postoperative plan and detection protocol should be developed using imaging and blood biomarkers within 1–2 years and afterward (9, 11, 28). For example, in male patients with regional SEER staging, it is important to consider a postoperative follow-up plan within two years using more systemic imaging modalities and more additional prediction biomarkers. The PET-CT and personalized liquid biopsies for blood PD-1 and genetic biomarkers have not been approved as earlier detecting modalities of disease recurrence with a lower tumor burden or isolated tumor recurrence (29, 30). However, such additional modalities within postoperative two years might allow for surgical removal of the targeted recurrent lesion as early as possible, since many clinicians wait for the appearance of recurrent tumor lesion greater than 1 cm confirmed on currently recommended CT imaging modalities (1, 2, 5, 7).

This study had inherent limitations, including its retrospective design and the absence of data for radiological information to estimate the extent of involved organ and site-related tumor burdens, neoadjuvant and adjuvant purposes, the sequential combination of major secondary therapies with the lead-time bias effect, and organ and sites of disease recurrence. However, this is the first study in Korea describing the therapeutic trends of recurrent loRCC after nephrectomy, their survival outcomes, and significant predictive factors. Further prospective, large-scale, longitudinal studies are needed to evaluate disease recurrence for different multi-treatment therapies, including the survival outcomes, intervention measures, and different drug mechanisms.



Conclusion

This population-based retrospective study showed several significant risk factors affecting OS in recurrent loRCC following nephrectomy. Surgery had the highest OS as a secondary therapeutic option for disease recurrence, whereas TT and OST showed insignificant OS differences. The importance of the disease-free period following nephrectomy suggests that an intensive postoperative follow-up protocol should be evaluated for improving the prognostic outcomes of disease recurrence in loRCC.
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