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The number of treatment options for patients with metastatic renal cell carcinoma (mRCC) has significantly grown in the last 15 years. Although randomized controlled trials are fundamental in investigating mRCC treatment efficacy, their external validity can be limited. Therefore, the efficacy of the different treatment options should also be evaluated in clinical practice. We performed a chart review of electronic health records using text mining software to study the current treatment patterns and outcomes. mRCC patients from two large hospitals in the Netherlands, starting treatment between January 2015 and May 2020, were included. Data were collected from electronic health records using a validated text mining tool. Primary endpoints were progression-free survival (PFS) and overall survival (OS). Statistical analyses were performed using the Kaplan–Meier method. Most frequent first-line treatments were pazopanib (n = 70), sunitinib (n = 34), and nivolumab with ipilimumab (n = 28). The overall median PFS values for first-line treatment were 15.7 months (95% confidence interval [95%CI], 8.8–20.7), 16.3 months (95%CI, 9.3–not estimable [NE]) for pazopanib, and 6.9 months (95% CI, 4.4–NE) for sunitinib. The overall median OS values were 33.4 months (95%CI, 28.1–50.9 months), 39.3 months (95%CI, 29.5–NE) for pazopanib, and 28.1 months (95%CI, 7.0–NE) for sunitinib. For nivolumab with ipilimumab, median PFS and median OS were not reached. Of the patients who finished first- and second-line treatments, 64 and 62% received follow-up treatments, respectively. With most patients starting on pazopanib and sunitinib, these real-world treatment outcomes were most likely better than in pivotal trials, which may be due to extensive follow-up treatments.
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1 INTRODUCTION
Yearly, more than 400,000 patients worldwide are diagnosed with kidney cancer, of which 90% of the tumors are classified as renal cell carcinoma (Janzen et al., 2003; Ferlay et al., 2019). Metastatic renal cell carcinoma (mRCC) is not susceptible to chemotherapy or hormonal therapy, and until the introduction of the targeted therapy, the first-line treatment of mRCC was cytokine therapy with interleukin-2 or interferon-alpha (Oudard et al., 2007; Hutson, 2011). Sunitinib was the first targeted therapy that obtained marketing authorization for the treatment of mRCC by the European Medicines Agency in 2006. Subsequently, 14 other targeted therapies, tyrosine kinase inhibitors (TKIs), mammalian target of rapamycin inhibitors, and immune checkpoint inhibitors, were approved. Recently, five new combination treatments were registered for first-line mRCC patients (Figure 1). Patients with mRCC have a median overall survival (mOS) between 22.9 and 29.1 months on TKIs. For immunotherapy (nivolumab with ipilimumab), only in the intermediate/poor risk group, mOS is reached and is 48.1 months (Choueiri and Motzer, 2017; Albiges et al., 2020; Nocera et al., 2022).
[image: Figure 1]FIGURE 1 | Timeline presenting year of marketing authorization by European Medicines Agency of metastatic renal cell carcinoma treatments (A) and years in which treatment was included for clear cell renal cell carcinoma treatment in ESMO Clinical Practice Guidelines for diagnosis, treatment, and follow-up for first (B) or second line (C), including 2020 eUpdate (*).
In 2008, the first European Society for Medical Oncology Clinical Practice Guideline for diagnosis, treatment, and follow-up of RCC was published and has been updated almost yearly (Escudier et al., 2019). From 2008 until 2017, the standard of care for patients with clear cell mRCC with a good or moderate prognosis score, according to the Memorial Sloan Kettering Cancer Center or International mRCC Database Consortium (IMDC) risk model, was first-line treatment with TKIs or bevacizumab with interferon. For patients with a poor prognosis score, the standard was treatment with temsirolimus. In 2019, the advised first-line treatment for patients with an intermediate and poor prognosis score changed to nivolumab with ipilimumab. Subsequently, the recommendation for patients with a good prognosis changed in 2020 to pembrolizumab with axitinib or cabozantinib with nivolumab. Both treatment combinations were also added to the intermediate and poor prognosis groups (Figure 1). Furthermore, nivolumab and cabozantinib were introduced as second-line in clear cell mRCC treatment options (Figure 1) (Escudier et al., 2019; ESMO Guidelines Committee, 2020b).
Randomized controlled trials (RCTs) are the cornerstone for investigating the efficacy of cancer treatments and, therefore, the pivotal studies for marketing authorization application of mRCC treatments (Bothwell and Podolsky, 2016; Franklin and Schneeweiss, 2017; Verweij et al., 2019). However, due to the structured protocols, ideal setting, and inclusion of only a part of the target population, these studies may have limited external validity. Real-world evidence, based on real-world data from registries, databases, or observational studies, could be used to close the inferential gap between the RCTs on mRCC treatments and the clinical practice (Stewart et al., 2007; de Lusignan et al., 2015; Skovlund et al., 2018; Liu et al., 2019).
Electronic health records (EHRs) contain extensive medical information about patients in clinical practice and therefore are a potentially important resource to assess treatment effectiveness. However, the regular method for EHR data collection, manual chart review, is very time-consuming (Haerian et al., 2012; Casey et al., 2016; Assale et al., 2019). To improve efficiency in real-world data collection in the mRCC population, we investigated and validated a natural language processing and text mining software tool as a more efficient collection method in a cohort of mRCC patients receiving systemic drug treatment (Kibbelaar et al., 2017).
In this study, we applied this text-mining tool to investigate how the introduction of new treatment options for mRCC changed the clinical practice by evaluating treatment strategies and the efficacy of the different first-line treatment options.
2 METHODS
2.1 Study Design
A retrospective cohort study was performed to assess the mRCC treatment patterns and treatment outcomes in clinical practice. Patients were included in the Leiden University Medical Center (LUMC), Leiden, and the Haga Hospital, The Hague, the Netherlands.
The study protocol was reviewed and approved by the Medical Ethics Review Committee of the LUMC, Leiden, who waived the need for informed consent.
2.2 Patients and Endpoints
All patients aged 18 years or older starting first-line systemic treatment for mRCC between January 2015 and May 2020 (LUMC) or January 2017 and May 2020 (Haga Teaching Hospital) were included. Primary endpoints were first-line progression-free survival (PFS) and overall survival (OS). OS was defined as the time from treatment initiation until death from any cause; patients were censored when alive at the moment of data collection. PFS was defined as the time from treatment initiation until the date of progression according to the reported PFS by the oncologist, which is in line with RECIST 1.1 (Eisenhauer et al., 2009) or death from any cause; patients were censored when still on treatment at the moment of data collection or when treatment ended for other reasons.
The following patient characteristics were collected at the start of treatment: age, sex, performance status (PS) [Karnofsky—or Eastern Cooperative Oncology Group PS], tumor histology, and prior nephrectomy. Additionally, the IMDC prognostic factors were collected; these include time from diagnosis to systemic therapy within 1 year, Karnofsky PS below 80%, hemoglobin level below the lower limit of normal and corrected calcium levels, neutrophil levels, and platelet levels above the upper limit of normal (Heng et al., 2009; Heng et al., 2013). All systemic mRCC drug treatments, with a concomitant date of progression and date of death as treatment outcome parameters, were collected.
2.3 Data Retrieval
Patient inclusion and data collection were performed using a natural language processing and text mining software tool Clinical Data Collector (CTcue B.V., Amsterdam, the Netherlands). Both the details of the software and the validation process were described previously (van Laar et al., 2020). In short, for patient selection, characteristics, and outcomes, queries were constructed and validated by comparison to manual review.
2.4 Statistical Analysis
Statistical analysis was performed using R (R, 2019, Vienna, Austria). Descriptive statistics were used to describe the total patient cohort and subgroups of first-line treatments with more than 10 patients. Multiple imputations from SPSS (IBM SPSS Statistics for Windows, version 25.0. Armonk, NY: IBM Corp.) was used to correct for missing data on PS and neutrophil count. Subgroup distribution of variables was compared using the chi-square and analysis of variance tests. Additionally, for the visualization of the treatment patterns, a Sankey plot was created. OS and PFS from first-line treatment were analyzed using the Kaplan–Meier method and summarized by medians, 95% confidence intervals (CIs), and Kaplan–Meier survival plots. All statistical analyses were exploratory.
3 RESULTS
In total, 138 patients receiving first-line systemic treatment for mRCC were included in this observational study. Overall, the patient population had a median age of 67 years and was 75% men. Half of the patients had a prior nephrectomy, and in 73% of patients, clear cell histology was found. According to the IMDC criteria, 15% of patients had a good prognosis, 41% of patients had an intermediate prognosis, and 44% had a poor prognosis (Table 1).
TABLE 1 | Patient characteristics of complete study population and first-line sunitinib, pazopanib, and nivolumab with ipilimumab.
[image: Table 1]3.1 Treatment Patterns
From 2015 until 2018, 13 to 24 patients per year started a first-line treatment (Figure 2). In this period, approximately 80% of the patients received pazopanib as first-line treatment; the other patients mainly received sunitinib. In 2019, the patients starting with a first-line treatment raised to 43, and approximately half of these patients underwent first-line treatment with nivolumab and ipilimumab.
[image: Figure 2]FIGURE 2 | Number of first-line treatments started per year. *Patients included until May 2020.
Overall, most patients received pazopanib (n = 70, 51%), sunitinib (n = 34, 24%), or nivolumab with ipilimumab (n = 28, 20%) as first-line treatment. Figure 3 shows the treatment patterns of the patients who started on nivolumab with ipilimumab, pazopanib, and sunitinib. At the moment of data collection, 35 patients were still on first-line treatment and 17 patients and 18 on second- and third-line treatments, respectively. In 62 patients (64% of the patients who ended first-line treatment) who received a second-line treatment, nivolumab (n = 27, 44%), cabozantinib (n = 15, 24%), and pazopanib (n = 10, 16%) were mostly used. In the third-line treatment, 14 of the 28 patients (62% of the patients who ended second-line treatment) received cabozantinib. Of the 11 patients who ended third-line treatment, eight (73%) received four or more systemic treatments, in which everolimus with lenvatinib was the most used.
[image: Figure 3]FIGURE 3 | Overview of systemic drug treatment patterns following patients who received first-line pazopanib, sunitinib, or nivolumab with ipilimumab treatment.
3.1 Treatment Outcomes
3.1.1 Patients and Patient Characteristics
Subgroup comparison of patient characteristics at start of the first-line treatment on pazopanib, sunitinib, and nivolumab with ipilimumab showed significant differences in median age (P: 71 years, S: 64 years, N + I: 63 years; p < 0.01), previous nephrectomy (P: 67%, S: 44%, N + I: 25%; p < 0.01), known histological subtypes (P: 95% clear cell; 5% papillary, S: 76% clear cell; 12% papillary; 12% sarcomatoid, N + I 100% clear cell; p = 0.034), and time from diagnosis to systemic therapy within a year (P: 39%, S: 59%, N + I: 75%; p < 0.01).
3.1.2 Progression-Free Survival and Overall Survival
Figure 4 shows the PFS and OS Kaplan–Meier plots stratified for first-line treatment. The overall median PFS after first-line treatment was 15.7 months (95% CI, 8.8–20.7). Patients with first-line pazopanib had a median PFS (mPFS) of 16.3 months (95% CI, 9.3–not estimable [NE]) (Figure 4A), and for patients receiving sunitinib, an mPFS of 6.9 months (95% CI, 4.4–NE) was observed (Figure 4C). No mPFS could be estimated for the treatment of nivolumab with ipilimumab due to the limited follow-up time (Figure 4E). The overall median OS (mOS) for all patients was 33.4 months (95% CI, 28.1–50.9 months). The mOS values per treatment were 39.3 months (95% CI, 29.5—NE) for first-line treatment with pazopanib (Figure 4B) and 28.1 months (95% CI, 7.0—NE) after first-line sunitinib (Figure 4D). For nivolumab with ipilimumab, mOS could not be established, as the median is not yet reached (Figure 4F). The stratification to clear cell and non-clear histology showed mPFS values of 16.3 months (95% CI, 9.3–27.3) and 13.5 months (5.9–NE) (Figure 5A) and mOS values of 42.4 months (95% CI, 32.2—NE) and 13.1 months (95%CI, 10.9–NE) (Figure 5B), respectively.
[image: Figure 4]FIGURE 4 | Progression-free (PFS) and overall survival (OS) of first-line treatments pazopanib [(A): PFS, (B): OS], sunitinib [(C): PFS, (D): OS], and nivolumab with ipilimumab [(E): PFS, (F): OS].
[image: Figure 5]FIGURE 5 | Progression-free (A) and overall (B) survival of clear cell versus non-clear cell histology.
4 DISCUSSION
In this study, using an EHR text mining tool, we were able to evaluate treatment strategies and estimate treatment effectiveness in patients with mRCC in daily practice. After first-line treatment with pazopanib (n = 70) and sunitinib (n = 34), the mPFS values were 16.3 and 6.9 months, and mOS values were 39.3 and 28.1 months, respectively. For nivolumab with ipilimumab (n = 28), the mPFS and mOS could not be determined yet.
The pivotal trial of pazopanib by Sternberg et al. (2010, 2013) showed an mPFS of 11.1 months for the treatment-naïve population and an mOS of 22.9 months. Motzer et al. (2006, 2007) showed an mPFS of 11 months and mOS 26.4 months after first-line sunitinib treatment. Additionally, the COMPARZ-trial, comparing first-line pazopanib with sunitinib prospectively, showed an mPFS of 10.5 vs. 10.2 months and mOS of 28.4 vs. 29.3 months, demonstrating non-inferiority of pazopanib to sunitinib. (Motzer et al., 2013). All these RCTs only included patients with (predominant) clear cell histology. The overall mOS in our study (33.4 months) was considerably higher compared with those found in the RCTs, which may be attributed to a longer mOS in the pazopanib-treated patients. However, the mPFS of both treatments and the mOS after treatment with sunitinib seem to be comparable with those found in the pivotal trials.
Although sunitinib and pazopanib are both TKIs and often-used as first-line treatments, these subgroups should not be used for a head-to-head comparison, as the populations in our study differ on several patient characteristics (age, previous nephrectomies, tumor histology, and a number of patients who started systemic treatment within a year). The sunitinib population included more patients with worse scores for all characteristics, except age. Pazopanib was of preference in the higher age population, as the COMPARZ trial showed better safety quality-of-life profiles than sunitinib.
The patients in our real-world study differed from the RCTs concerning several patient characteristics. Patients treated with pazopanib, e.g., had a higher median age (71 vs. 59 years) and fewer (partial) nephrectomies (67.1 vs. 89%), and more patients (27.3%) were assigned to an IMDC poor-risk group than in the pivotal study, which included only 3% of patients with a poor Memorial Sloan Kettering Cancer Center risk (Sternberg et al., 2010). For sunitinib-treated patients, we observed that, in contrast to the pivotal study, a significant part of our patients treated with sunitinib had non-clear cell histology. Furthermore, our population had fewer (partial) nephrectomies (44.1 vs. 91%), and at least 32% of the patients had a confirmed Karnofsky PS < 80% in contrast to 0% in the RCT (Motzer et al., 2006). Because all these differences in patient characteristics in the real world compared with RCTs are related to worse prognosis (Heng et al., 2013; Bhindi et al., 2018; Padala et al., 2020), they do not explain the promising effectiveness of sunitinib and pazopanib that we found in our real-world population in comparison with RCTs.
A longer mOS, but comparable mPFS, of pazopanib, as compared with the pivotal studies, is also seen in recent real-world studies (Kim et al., 2018; Schmidinger et al., 2019a, 2019b). The earlier systematic review and meta-analysis of Climent et al. (2018) showed that real-world pazopanib studies published until December 31, 2016, resulted in mPFS ranging from 8.1 to 15.9 months and mOS ranging from 16.1 to 31.0 months, with a pooled mPFS of 10.0 months and mOS of 22.7 months. Also, for sunitinib, an improved mOS is found in recent studies (Kim et al., 2018; Schmidinger et al., 2019b). However, our findings for sunitinib are more in accordance with the systematic review and meta-analysis of Moran et al. (2019), which showed a pooled mPFS of 9.4 months and mOS of 20.8 months for sunitinib with individual results for mPFS and mOS ranging from 7.5 to 11.0 and 6.8 to 33.2 months, respectively. Although mOS of sunitinib in our real-world situation is similar to the RCTs, this was unexpected given the patient characteristics, which are indicative of poor outcomes.
More and better follow-up treatments may be the most obvious explanation for the prolonged OS. In this study, we show that 64% of the patients who finish the first-line treatment receive a second line of treatment and congruent 62% a third line, among which the relative new treatments nivolumab and cabozantinib are the most used. Both cabozantinib and nivolumab have been shown to significantly improve mOS as second-line treatment, even after recurrent progression when compared with treatment with everolimus (Motzer et al., 2015; Choueiri et al., 2016). A real-world unselected patient group showed a median duration of cabozantinib treatment of 7.6 months (Albiges et al., 2021). In the pivotal trial for first-line pazopanib, only 30% of the patients received any post-progression systemic therapy, most often sunitinib and sorafenib (Sternberg et al., 2013), which is a considerably lower percentage of the patients than in the real-world situation. Additionally, Schmidinger et al. (2019b) showed that, evaluating real-world data of an Austrian population, 67.7% of the patients received second-line treatment and had improved OS when compared with the RCTs. They argue that an improved OS is related to the quality of the healthcare system in a country and reimbursement of subsequent treatments (Schmidinger et al., 2019b). For example, in Brazil and the United Kingdom, only 20 and 15.8% of the mRCC patients are treated with second-line systemic therapy, respectively, and in these countries, limited availability and costs are expected to be barriers to optimal treatment (Wagstaff et al., 2016; Bergerot et al., 2018).
Moreover, toxicity-related dose reduction was linked to better outcomes in the study of Wagstaff et al. (Escudier et al., 2017). Therefore, clinicians having more experience with treatments, such as sunitinib and pazopanib, may be more alert to apply dose reductions when necessary and, in this way, contribute to the overall better prognosis of these treatments in the real world with respect to earlier-stage RCTs.
Twenty-eight patients in our cohort started first-line treatment with nivolumab and ipilimumab in 2019. Because one of the hospitals was designated for nivolumab in combination with ipilimumab treatment, this resulted in an influx of new mRCC patients. In 92% of the patients of which the IMDC prognosis was known, the prognosis was intermediate or poor, according to the European Society for Medical Oncology guidelines. Therefore, this study shows that the expected paradigm shift from TKIs to immunotherapy in mRCC treatment has started in the group of patients with intermediate and poor IMDC prognosis (Calvo et al., 2019). However, no median survival data were reached in this study. Therefore, we were not able to verify the mPFS of 11.2 months and mOS of 48.1 months reached in the CheckMate-214 study in the intermediate and poor-risk patient groups (Albiges et al., 2020).
As far as we know, this is the first study in which a text mining tool is used for real-world data extraction from EHRs to study treatment patterns and outcomes of mRCC treatments. Using the text mining tool, this study could be performed more efficiently than by manual review (a mean of 12 vs. 86 min per patient). Also, most outcome measurements could be extracted with the desired high accuracy of at least 90% (van Laar et al., 2020). Because this method enables faster data extraction compared with a manual review, in the future, tools such as these could be repeatedly used to evaluate treatments. These data can illustrate who real-world patients are and how new treatments influence their survival. The data can be used on several levels (Venkatakrishnan et al., 2020): on the patient level, as additional information to share with a patient in the process of shared decision making (Bomhof-Roordink et al., 2019), on the hospital level, or, because these queries are transferrable to other hospitals, even multicenter level, for treatment evaluation and pursuit of value-based healthcare and patient-centered care (Tseng and Hicks, 2016).
This study has some limitations. First, although the EHR is an information-rich source containing longitudinal patient data, it is a secondary source (Casey et al., 2016). Therefore, the data quality is dependent on the healthcare professionals' documentation, and not all data desired for research may be documented. In this study, the PS was the least well documented and missing in 41.3% of the patients, which is often seen in chart reviews (Day et al., 2015; Noize et al., 2017). Also, patients in this study could have participated in other post-registration trials, e.g., the DIET study (Lubberman et al., 2019). In addition, we were limited in the extraction of prognostic factors, e.g., tumor load and location of metastases, as the EHR documentation was still too complex for the text mining tool.
4.1 Future Perspectives
This paper shows that the real-world population differs from the pivotal trial populations and that multiple factors may influence treatment outcomes. Using a text mining tool, a quick evaluation of the effectiveness of the treatments for mRCC carcinoma in real-world patients is possible. Therefore, repeated use of the queries from the EHR text mining tool can provide recurring information for physicians, useful for decision-making for the treatment of individual patients, now and in the future, in the field of mRCC carcinoma. This is especially relevant in the present field, as more treatment combinations are already there and are expected to come (ESMO Guidelines Committee, 2020a).
5 CONCLUSION
This study aimed to evaluate the treatment patterns and outcomes of mRCC patients. With most patients starting on treatment with pazopanib and sunitinib, the outcomes of these real-world patients most probably were better than expected from pivotal trials. The extensive follow-up treatments patients received may have contributed to the improved outcomes. The used EHR text mining method can be easily applied for evaluation of other treatments in clinical practice, which may be useful in the rapidly evolving field of renal cell carcinoma treatments.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Medical Ethics Review Committee of LUMC, Leiden. Written informed consent from the patients/participants or patients/participants' legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
Conceptualization, HG, JZ, KG, SL, RG and TH; data curation, SL; formal analysis; SL; investigation, SL; resources, DH, LV, and TH; supervision, HG, JZ and KG; visualization; SL; writing—initial draft, SL; writing—review and editing, DH, HG, JZ, KG, LV, RG, and TH.
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.
REFERENCES
 Albiges, L., Tannir, N. M., Burotto, M., McDermott, D., Plimack, E. R., Barthélémy, P., et al. (2020). Nivolumab Plus Ipilimumab versus Sunitinib for First-Line Treatment of Advanced Renal Cell Carcinoma: Extended 4-year Follow-Up of the Phase III CheckMate 214 Trial. ESMO Open 5, e001079. doi:10.1136/esmoopen-2020-001079
 Albiges, L., Fléchon, A., Chevreau, C., Topart, D., Gravis, G., Oudard, S., et al. (2021). Real-World Evidence of Cabozantinib in Patients with Metastatic Renal Cell Carcinoma: Results from the CABOREAL Early Access Program. Eur. J. Cancer 142, 102–111. doi:10.1016/j.ejca.2020.09.030
 Assale, M., Dui, L. G., Cina, A., Seveso, A., and Cabitza, F. (2019). The Revival of the Notes Field: Leveraging the Unstructured Content in Electronic Health Records. Front. Med. (Lausanne) 6, 66. doi:10.3389/fmed.2019.00066
 Bergerot, P. G., Bergerot, C. D., Dizman, N., Zequi, S., Fay, A., Dara, Y., et al. (2018). Assessment of Treatment Patterns for Metastatic Renal Cell Carcinoma in Brazil. J. Glob. Oncol. 4, 1–8. doi:10.1200/JGO.17.00113
 Bhindi, B., Habermann, E. B., Mason, R. J., Costello, B. A., Pagliaro, L. C., Thompson, R. H., et al. (2018). Comparative Survival Following Initial Cytoreductive Nephrectomy versus Initial Targeted Therapy for Metastatic Renal Cell Carcinoma. J. Urol. 200 (3), 528–534. doi:10.1016/j.juro.2018.03.077
 Bomhof-Roordink, H., Fischer, M. J., van Duijn-Bakker, N., Baas-Thijssen, M. C., van der Weijden, T., Stiggelbout, A. M., et al. (2019). Shared Decision Making in Oncology: A Model Based on Patients', Health Care Professionals', and Researchers' Views. Psychooncology 28 (1), 139–146. doi:10.1002/pon.4923
 Bothwell, L. E., and Podolsky, S. H. (2016). The Emergence of the Randomized, Controlled Trial. N. Engl. J. Med. 375 (6), 501–504. doi:10.1056/nejmp1604635
 Calvo, E., Porta, C., Grünwald, V., and Escudier, B. (2019). The Current and Evolving Landscape of First-Line Treatments for Advanced Renal Cell Carcinoma. Oncologist 24 (3), 338–348. doi:10.1634/theoncologist.2018-0267
 Casey, J. A., Schwartz, B. S., Stewart, W. F., and Adler, N. E. (2016). Using Electronic Health Records for Population Health Research: A Review of Methods and Applications. Annu. Rev. Public Health 37, 61–81. doi:10.1146/annurev-publhealth-032315-021353
 Choueiri, T. K., and Motzer, R. J. (2017). Systemic Therapy for Metastatic Renal-Cell Carcinoma. N. Engl. J. Med. 376 (4), 354–366. doi:10.1056/NEJMra1601333
 Choueiri, T. K., Escudier, B., Powles, T., Tannir, N. M., Mainwaring, P. N., Rini, B. I., et al. (2016). Cabozantinib versus Everolimus in Advanced Renal Cell Carcinoma (METEOR): Final Results from a Randomised, Open-Label, Phase 3 Trial. Lancet Oncol. 17 (7), 917–927. doi:10.1016/S1470-2045(16)30107-3
 Climent, M. A., Muñoz-Langa, J., Basterretxea-Badiola, L., and Santander-Lobera, C. (2018). Systematic Review and Survival Meta-Analysis of Real World Evidence on First-Line Pazopanib for Metastatic Renal Cell Carcinoma. Crit. Rev. Oncol. Hematol. 121, 45–50. doi:10.1016/j.critrevonc.2017.11.009
 ESMO Guidelines Committee (2020a). eUpdate - Renal Cell Carcinoma Treatment Recommendations. Available from: https://www.esmo.org/guidelines/genitourinary-cancers/renal-cell-carcinoma/eupdate-renal-cell-carcinoma-treatment-recommendations-2. (cited 2020 October 8, 2020). 
 ESMO Guidelines Committee (2020b). eUpdate – Renal Cell Carcinoma Treatment Recommendations. Available from: https://www.esmo.org/guidelines/genitourinary-cancers/renal-cell-carcinoma/eupdate-renal-cell-carcinoma-treatment-recommendations-3. (Accessed on July 9, 2021). 
 Day, D., Kanjanapan, Y., Kwan, E., Yip, D., Lawrentschuk, N., Andrews, M., et al. (2015). Patterns of Care for Metastatic Renal Cell Carcinoma in Australia. BJU Int. 116 Suppl 3, 36–41. doi:10.1111/bju.13176
 de Lusignan, S., Crawford, L., and Munro, N. (2015). Creating and Using Real-World Evidence to Answer Questions about Clinical Effectiveness. J. Innov. Health Inform. 22 (3), 368–373. doi:10.14236/jhi.v22i3.177
 Eisenhauer, E. A., Therasse, P., Bogaerts, J., Schwartz, L. H., Sargent, D., Ford, R., et al. (2009). New Response Evaluation Criteria in Solid Tumours: Revised RECIST Guideline (Version 1.1). Eur. J. Cancer 45 (2), 228–247. doi:10.1016/j.ejca.2008.10.026
 Escudier, B., Motzer, R. J., Sharma, P., Wagstaff, J., Plimack, E. R., Hammers, H. J., et al. (2017). Treatment beyond Progression in Patients with Advanced Renal Cell Carcinoma Treated with Nivolumab in CheckMate 025. Eur. Urol. 72 (3), 368–376. doi:10.1016/j.eururo.2017.03.037
 Escudier, B., Porta, C., Schmidinger, M., Rioux-Leclercq, N., Bex, A., Khoo, V., et al. (2019). Renal Cell Carcinoma: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol. 30 (5), 706–720. doi:10.1093/annonc/mdz056
 Ferlay, J., Colombet, M., Soerjomataram, I., Mathers, C., Parkin, D. M., Piñeros, M., et al. (2019). Estimating the Global Cancer Incidence and Mortality in 2018: GLOBOCAN Sources and Methods. Int. J. Cancer 144 (8), 1941–1953. doi:10.1002/ijc.31937
 Franklin, J. M., and Schneeweiss, S. (2017). When and How Can Real World Data Analyses Substitute for Randomized Controlled Trials?Clin. Pharmacol. Ther. 102 (6), 924–933. doi:10.1002/cpt.857
 Haerian, K., Varn, D., Vaidya, S., Ena, L., Chase, H. S., and Friedman, C. (2012). Detection of Pharmacovigilance-Related Adverse Events Using Electronic Health Records and Automated Methods. Clin. Pharmacol. Ther. 92 (2), 228–234. doi:10.1038/clpt.2012.54
 Heng, D. Y., Xie, W., Regan, M. M., Warren, M. A., Golshayan, A. R., Sahi, C., et al. (2009). Prognostic Factors for Overall Survival in Patients with Metastatic Renal Cell Carcinoma Treated with Vascular Endothelial Growth Factor-Targeted Agents: Results from a Large, Multicenter Study. J. Clin. Oncol. 27 (34), 5794–5799. doi:10.1200/JCO.2008.21.4809
 Heng, D. Y., Xie, W., Regan, M. M., Harshman, L. C., Bjarnason, G. A., Vaishampayan, U. N., et al. (2013). External Validation and Comparison with Other Models of the International Metastatic Renal-Cell Carcinoma Database Consortium Prognostic Model: a Population-Based Study. Lancet Oncol. 14 (2), 141–148. doi:10.1016/S1470-2045(12)70559-4
 Hutson, T. E. (2011). Targeted Therapies for the Treatment of Metastatic Renal Cell Carcinoma: Clinical Evidence. Oncologist 16 Suppl 2, 14–22. doi:10.1634/theoncologist.2011-S2-14
 Janzen, N. K., Kim, H. L., Figlin, R. A., and Belldegrun, A. S. (2003). Surveillance after Radical or Partial Nephrectomy for Localized Renal Cell Carcinoma and Management of Recurrent Disease. Urol. Clin. North. Am. 30 (4), 843–852. doi:10.1016/s0094-0143(03)00056-9
 Kibbelaar, R. E., Oortgiesen, B. E., van der Wal-Oost, A. M., Boslooper, K., Coebergh, J. W., Veeger, N. J. G. M., et al. (2017). Bridging the gap between the Randomised Clinical Trial World and the Real World by Combination of Population-Based Registry and Electronic Health Record Data: A Case Study in Haemato-Oncology. Eur. J. Cancer 86, 178–185. doi:10.1016/j.ejca.2017.09.007
 Kim, M. S., Chung, H. S., Hwang, E. C., Jung, S. I., Kwon, D. D., Hwang, J. E., et al. (2018). Efficacy of First-Line Targeted Therapy in Real-World Korean Patients with Metastatic Renal Cell Carcinoma: Focus on Sunitinib and Pazopanib. J. Korean Med. Sci. 33, e325. doi:10.3346/jkms.2018.33.e325
 Liu, Q., Ramamoorthy, A., and Huang, S. M. (2019). Real-World Data and Clinical Pharmacology: A Regulatory Science Perspective. Clin. Pharmacol. Ther. 106 (1), 67–71. doi:10.1002/cpt.1413
 Lubberman, F. J. E., Gelderblom, H., Hamberg, P., Vervenne, W. L., Mulder, S. F., Jansman, F. G. A., et al. (2019). The Effect of Using Pazopanib with Food vs. Fasted on Pharmacokinetics, Patient Safety, and Preference (DIET Study). Clin. Pharmacol. Ther. 106 (5), 1076–1082. doi:10.1002/cpt.1515
 Moran, M., Nickens, D., Adcock, K., Bennetts, M., Desscan, A., Charnley, N., et al. (2019). Sunitinib for Metastatic Renal Cell Carcinoma: A Systematic Review and Meta-Analysis of Real-World and Clinical Trials Data. Target. Oncol. 14 (4), 405–416. doi:10.1007/s11523-019-00653-5
 Motzer, R. J., Rini, B. I., Bukowski, R. M., Curti, B. D., George, D. J., Hudes, G. R., et al. (2006). Sunitinib in Patients with Metastatic Renal Cell Carcinoma. JAMA 295 (21), 2516–2524. doi:10.1001/jama.295.21.2516
 Motzer, R. J., Hutson, T. E., Tomczak, P., Michaelson, M. D., Bukowski, R. M., Rixe, O., et al. (2007). Sunitinib versus Interferon Alfa in Metastatic Renal-Cell Carcinoma. N. Engl. J. Med. 356 (2), 115–124. doi:10.1056/NEJMoa065044
 Motzer, R. J., Hutson, T. E., Cella, D., Reeves, J., Hawkins, R., Guo, J., et al. (2013). Pazopanib versus Sunitinib in Metastatic Renal-Cell Carcinoma. N. Engl. J. Med. 369 (8), 722–731. doi:10.1056/NEJMoa1303989
 Motzer, R. J., Escudier, B., McDermott, D. F., George, S., Hammers, H. J., Srinivas, S., et al. (2015). Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 373 (19), 1803–1813. doi:10.1056/NEJMoa1510665
 Nocera, L., Karakiewicz, P. I., Wenzel, M., Tian, Z., Shariat, S. F., Saad, F., et al. (2022). Clinical Outcomes and Adverse Events after First-Line Treatment in Metastatic Renal Cell Carcinoma: A Systematic Review and Network Meta-Analysis. J. Urol. 207 (1), 16–24. doi:10.1097/JU.0000000000002252
 Noize, P., Grelaud, A., Bay, J. O., Chevreau, C., Gross-Goupil, M., Culine, S., et al. (2017). Real-Life Patterns of Use, Safety and Effectiveness of Sunitinib in First-Line Therapy of Metastatic Renal Cell Carcinoma: the SANTORIN Cohort Study. Pharmacoepidemiol. Drug Saf. 26 (12), 1561–1569. doi:10.1002/pds.4228
 Oudard, S., George, D., Medioni, J., and Motzer, R. (2007). Treatment Options in Renal Cell Carcinoma: Past, Present and Future. Ann. Oncol. 18 Suppl 10, x25–31. doi:10.1093/annonc/mdm411
 Padala, S. A., Barsouk, A., Thandra, K. C., Saginala, K., Mohammed, A., Vakiti, A., et al. (2020). Epidemiology of Renal Cell Carcinoma. World J. Oncol. 11 (3), 79–87. doi:10.14740/wjon1279
 Schmidinger, M., Bamias, A., Procopio, G., Hawkins, R., Sanchez, A. R., Vázquez, S., et al. (2019a). Prospective Observational Study of Pazopanib in Patients with Advanced Renal Cell Carcinoma (PRINCIPAL Study). Oncologist 24 (4), 491–497. doi:10.1634/theoncologist.2018-0787
 Schmidinger, M., Pichler, R., Loidl, W., Bauernhofer, T., Kretz, M., Tinchon, C., et al. (2019b). Real-World Evidence Data on Metastatic Renal-Cell Carcinoma Treatment in Austria: The RELACS Study. Clin. Genitourin Cancer 17, e957. doi:10.1016/j.clgc.2019.05.017
 Skovlund, E., Leufkens, H. G. M., and Smyth, J. F. (2018). The Use of Real-World Data in Cancer Drug Development. Eur. J. Cancer 101, 69–76. doi:10.1016/j.ejca.2018.06.036
 Sternberg, C. N., Davis, I. D., Mardiak, J., Szczylik, C., Lee, E., Wagstaff, J., et al. (2010). Pazopanib in Locally Advanced or Metastatic Renal Cell Carcinoma: Results of a Randomized Phase III Trial. J. Clin. Oncol. 28 (6), 1061–1068. doi:10.1200/JCO.2009.23.9764
 Sternberg, C. N., Hawkins, R. E., Wagstaff, J., Salman, P., Mardiak, J., Barrios, C. H., et al. (2013). A Randomised, Double-Blind Phase III Study of Pazopanib in Patients with Advanced And/or Metastatic Renal Cell Carcinoma: Final Overall Survival Results and Safety Update. Eur. J. Cancer 49 (6), 1287–1296. doi:10.1016/j.ejca.2012.12.010
 Stewart, W. F., Shah, N. R., Selna, M. J., Paulus, R. A., and Walker, J. M. (2007). Bridging the Inferential gap: the Electronic Health Record and Clinical Evidence. Health Aff. (Millwood) 26, w181–91. doi:10.1377/hlthaff.26.2.w181
 Tseng, E. K., and Hicks, L. K. (2016). Value Based Care and Patient-Centered Care: Divergent or Complementary?Curr. Hematol. Malig Rep. 11 (4), 303–310. doi:10.1007/s11899-016-0333-2
 van Laar, S. A., Gombert-Handoko, K. B., Guchelaar, H. J., and Zwaveling, J. (2020). An Electronic Health Record Text Mining Tool to Collect Real-World Drug Treatment Outcomes: A Validation Study in Patients with Metastatic Renal Cell Carcinoma. Clin. Pharmacol. Ther. 108 (3), 644–652. doi:10.1002/cpt.1966
 Venkatakrishnan, K., Graaf, P. H., and Holstein, S. A. (2020). The Changing Face of Oncology Research, Drug Development, and Clinical Practice: Toward Patient‐Focused Precision Therapeutics. Clin. Pharmacol. Ther. 108 (3), 399–404. doi:10.1002/cpt.1979
 Verweij, J., Hendriks, H. R., and Zwierzina, H. (2019). Innovation in Oncology Clinical Trial Design. Cancer Treat. Rev. 74, 15–20. doi:10.1016/j.ctrv.2019.01.001
 Wagstaff, J., Jones, R., Hawkins, R., Porfiri, E., Pickering, L., Bahl, A., et al. (2016). Treatment Patterns and Clinical Outcomes in Patients with Renal Cell Carcinoma in the UK: Insights from the RECCORD Registry. Ann. Oncol. 27 (1), 159–165. doi:10.1093/annonc/mdv504
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.
Copyright © 2022 van Laar, Gombert-Handoko, Groenwold, van der Hulle, Visser, Houtsma, Guchelaar and Zwaveling. 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.
OPS/images/fphar-13-803935-g005.gif





OPS/images/fphar-13-803935-t001.jpg
Sex, male
Age, median (1st and 3rd quarter)
Previous nephrectomy
Histological subtype of renal cell carcinoma
Clear cell
Other
Papilary
Sarcomatoid
Chromofobic carcinoma
Missing
IMDC risk score parameters
Hypercalcemia
Anemia
Missing/imputed
Neutrophilia
Thrombocytosis
Performance status <80% Kamofsky
Missing/imputed

Time from diagnosis to systemic therapy <1 year

IMDC risk group
Favorable risk (0 points)
Intermediate-risk (1-2 points)
Poor-risk (>2 points)

Total population
n=138,n (%)

103 (75)
67 (69-73.75)
71(51)

101 (73)

6(4)

5@

1(1)
25 (18)

First-line sunitinib
n =34 (25%),
n (%)

24 (71)
64 (58-72.5)
15 (44)

19 (56)

309
309
0

9(7)

10 (29)
25 (74)
10
12 (35)
10 (29)
11(32)
16 (44)
20 (59)

3(9)
13 (38)
18 (53)

Abbreviations: IMDC, International Metastatic renal cell carcinoma Database Consortium; *p = < 0.05.

First-line pazopanib
n =70 (51%),
n(%)

58 (89)
71 (64-76)
47 (67)

56 (80)

34)
0
0
11(16)

24 (34)
40 (57)
0
19 (27)
11(16)
16 (23)
38 (54)
27 (39)

15 (21)
30 (43)
25 (36)

First-line nivolumab
with ipilimumab
n =28 (20%), n (%)
17 (61)

63 (57-66.5)

7 (25)

23(82)

ooo

5

8

16 (57)
17 (61)
[
8(29)
8(29)
5(18)
3(11)
21 (75)

2(7)
11 (39)
15 (54)

p-Value

0.058
<0.01*
<0.01*
0.034*

0.054
0.267

0.69
0.18
0.38

<0.01*
0175





OPS/images/fphar-13-803935-g003.gif





OPS/images/fphar-13-803935-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Real-World Metastatic Renal Cell Carcinoma Treatment Patterns and Clinical Outcomes in The Netherlands		1 Introduction

		2 Methods		2.1 Study Design

		2.2 Patients and Endpoints

		2.3 Data Retrieval

		2.4 Statistical Analysis





		3 Results		3.1 Treatment Patterns

		3.1 Treatment Outcomes





		4 Discussion		4.1 Future Perspectives





		5 Conclusion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Publisher’s Note

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Real-World Metastatic Renal Cell
Carcinoma Treatment Patterns
and Clinical Outcomes in The
Netherlands





OPS/images/fphar-13-803935-g001.gif





OPS/images/fphar-13-803935-g002.gif
g —
L =
allnla.-










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





