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Abstract

:

Simple Summary


Recently, nivolumab, pembrolizumab, both immune-checkpoint inhibitors (ICIs) and the combination of dabrafenib plus trametinib (D + T) were registered as adjuvant melanoma treatments, to prevent recurrence. The aim of this paper was to retrospectively review the benefits and risks of these treatments in clinical practice, by extracting data from electronic health records with a text-mining tool. In a population of 122 patients, 55 used nivolumab, 48 used pembrolizumab and 20 used D + T, and we found that the ICIs were better tolerated than D + T. However, the frequent adverse events of D + T are reversible and include pyrexia and fatigue. ICIs show immune-related chronic adverse events, and chronic thyroid-related adverse events occurred frequently. The efficacy results, including the recurrence-free survival, are promising; however, the follow-up was too short for conclusions. This study furthermore showed that the application of text-mining is a valuable method to collect data for the evaluation of adjuvant melanoma treatments.




Abstract


Introduction: Nivolumab (N), pembrolizumab (P), and dabrafenib plus trametinib (D + T) have been registered as adjuvant treatments for resected stage III and IV melanoma since 2018. Electronic health records (EHRs) are a real-world data source that can be used to review treatments in clinical practice. In this study, we applied EHR text-mining software to evaluate the real-world tolerability, safety, and efficacy of adjuvant melanoma treatments. Methods: Adult melanoma patients receiving adjuvant treatment between January 2019 and October 2021 at the Leiden University Medical Center, the Netherlands, were included. CTcue text-mining software (v3.1.0, CTcue B.V., Amsterdam, The Netherlands) was used to construct rule-based queries and perform context analysis for patient inclusion and data collection from structured and unstructured EHR data. Results: In total, 122 patients were included: 54 patients treated with nivolumab, 48 with pembrolizumab, and 20 with D + T. Significantly more patients discontinued treatment due to toxicity on D + T (N: 16%, P: 6%, D + T: 40%), and X2 (6, n = 122) = 14.6 and p = 0.024. Immune checkpoint inhibitors (ICIs) mainly showed immune-related treatment-limiting adverse events (AEs), and chronic thyroid-related AE occurred frequently (hyperthyroidism: N: 15%, P: 13%, hypothyroidism: N: 20%, P: 19%). Treatment-limiting toxicity from D + T was primarily a combination of reversible AEs, including pyrexia and fatigue. The 1-year recurrence-free survival was 70.3% after nivolumab, 72.4% after pembrolizumab, and 83.0% after D + T. Conclusions: Text-mining EHR is a valuable method to collect real-world data to evaluate adjuvant melanoma treatments. ICIs were better tolerated than D + T, in line with RCT results. For BRAF+ patients, physicians must weigh the higher risk of reversible treatment-limiting AEs of D + T against the risk of long-term immune-related AEs.
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1. Introduction


In 2020, approximately 300,000 patients worldwide were diagnosed with melanoma of the skin, accounting for 1.7% of all cancer diagnoses [1]. In the Netherlands, the incidence of melanoma has more than doubled in the last 20 years from 18/100,000 people in 2001 to 43/100,000 in 2021 with a mortality rate of 4–5/100,000 [2].



The introduction of immune checkpoint inhibitors (ICIs) (e.g., nivolumab, pembrolizumab and ipilimumab) and inhibitors of the mitogen-activated protein kinase pathway (e.g., BRAF inhibitors and MEK inhibitors) has improved the treatment of metastatic melanoma in the past years [3]. In 2018, nivolumab (N), pembrolizumab (P), and the combination of dabrafenib plus trametinib (D + T) were registered by the European Medicines Agency as adjuvant treatment in resected stage III and IV of melanoma [4,5,6,7]. Patients receive adjuvant treatment after surgical resection, for a maximum of 12 months or until treatment-limiting toxicity or recurrence of the disease.



The results of the phase III trials that were the basis for the indication expansion are summarized in Table 1. Eligibility criteria differed between trials, e.g., the inclusion of resected stage IV in the CheckMate 238 trial, and inclusion only of patients with a BRAF V600E or V600K mutation in the COMBI-AD trial [8,9]. Furthermore, all treatments were superior to their comparator regarding recurrence-free survival but concluding overall survival results are currently unknown.



As these patients are, in principle, cured after surgery, the safety profile of adjuvant therapy may be even more relevant than in the setting of palliative treatment. Regarding safety, nivolumab and pembrolizumab are comparable, but differ from dabrafenib plus trametinib treatment. Grade 3 or 4 adverse events (AEs) occurred in 25.4% and 31.6% of the study populations of nivolumab and pembrolizumab versus 41% in dabrafenib-plus-trametinib-treated patients, and 9.7% and 13.8% of the patients discontinued treatment due to toxicity, compared to 26% in the dabrafenib and trametinib treated. However, most reported AEs on ICI were skin reactions and fatigue. All immune-related (ir)AEs combined also have a high incidence, of which hypothyroidism and hyperthyroidism—both manifestations of thyroiditis—were most frequent, but also include, e.g., diabetes mellitus type I [8,12]. Of these immune-related endocrine toxicities, it is presumed they result in permanent and irreversible dysfunction, resulting in lifelong hormone supplementation [14]. This contrasts with the AEs of dabrafenib plus trametinib, of which pyrexia, fatigue and nausea are most common and easily reversible after treatment interruption [9,15].



Since RCT results may not represent the benefits and risks of treatments in clinical practice, real-world data can add insightful information and support decision making [16]. The electronic health record (EHR) is one of the sources that contains relevant real-world data for cancer treatment evaluation, since it includes, e.g., hospital visits, patient demographics, medication orders, laboratory data, vital signs, and imaging results [17]. However, as most data are captured in free-text notes, manual chart review is still the standard method for data extraction from EHR, which is very labor intensive and time consuming. Previously, we validated a text-mining tool to extract data from EHR for the evaluation of metastatic renal cell carcinoma treatments (mRCCs) and showed that this method is accurate and seven times faster than manual data extraction [18]. This tool has already been used in other real-world studies, e.g., to review mRCC treatment patterns and outcomes in two hospitals, to review the use of granulocyte-colony stimulating factor and incidence of febrile neutropenia in breast cancer patients [19,20].



The aim of this study was to apply a text-mining tool to retrospectively review the tolerability, safety, and efficacy of new adjuvant treatments for melanoma in a Dutch clinical hospital setting.




2. Methods


We performed a retrospective EHR review by collecting data from EHR through text-mining. The study protocol was reviewed and approved by the Medical Ethics Review Committee of the Leiden University Medical Center (LUMC), Leiden, the Netherlands, which waived the need for informed consent.



2.1. Electronic Health Record Text Mining


We retrospectively identified patients and collected all data from the electronic health record with text-mining software (CTcue B.V., Amsterdam, the Netherlands). This software program enables rule-based text-mining of the EHR, which can extract both data from structured data (e.g., medical prescriptions and laboratory values) and unstructured, free-text notes (e.g., medical notes and correspondence). Previously, we validated this tool and method to collected real-world data of renal cell carcinoma treatments in clinical practice [18].



Figure 1 shows the four steps taken within the program, per tab, from start until the export of the final dataset. First, rule-based queries were constructed in the criteria tab, to select the correct patient population. Secondly, the cohort tab gives a brief overview of the selected patients and the criteria on which they were included. The context of a datapoint can be further expanded by selecting the datapoint; in case of free-text notes, the system shows the complete form or report with the specified key word (combinations). An overview of all cases that matched the search results, e.g., all free-text forms with a hit, added to all structured data points, e.g., lab values between a specific period, is provided. The patient cohort is confirmed by reviewing all hits in unstructured text. In case of missing data necessary for patient inclusion, a patient is not included. Similarly, rule-based queries were constructed for the collection of data in the questions tab and all data from unstructured text were confirmed per patient by context analysis.




2.2. Patient Population


Patients were included in a university medical center, the LUMC, Leiden, the Netherlands. We aimed to include all patients aged 18 years and older with melanoma if they started adjuvant treatment of nivolumab or pembrolizumab, and dabrafenib plus trametinib between January 2019 and October 2021. Therefore, the search criteria included: 1. Patients who received nivolumab, pembrolizumab or dabrafenib plus trametinib; 2. Patients with a reimbursement code (diagnosis treatment code) specific for melanoma; 3. A free-text note that confirmed use of the treatment (e.g., search for terms as “nivolumab”, “nivo”, “Opdivo®”); 4. A free-text note that confirmed the adjuvant aspect of the treatment (e.g., “stage III”, “adjuvant”). The complete list of criteria is available in Supplementary File S1.




2.3. Data Collection


The following patient characteristics were collected at the start of treatment: age, sex, performance status, disease stage (according to the 7th edition of the American Joint Committee on Cancer (AJCC)), primary tumor location, subtype, brain metastases, lactate dehydrogenase (LDH), ulceration status, and BRAF-, NRAS- and KIT mutation status. Moreover, the following outcomes were collected: the time on treatment, the reason to end the treatment, most common AEs as reported in the RCTs (abdominal pain, arthralgia, asthenia, chills, cough, diarrhea, dyspnea, fatigue, headache, nausea, pruritus, pyrexia, and rash, with additional irAEs (colitis, diabetes mellitus type 1, hepatitis, hyperthyroidism, hypothyroidism, pneumonitis)), all treatment-limiting AEs, and recurrence of melanoma. The common terminology criteria for adverse events (CTCAEs) v5.0 were used to grade the severity of adverse events in the context analysis.




2.4. Statistical Analysis


Data management and analysis were performed using R Statistical Software (v4.1.1; R CoreTeam 2021, Vienna, Austria). We used descriptive statistics to describe the patient and disease characteristics. The time on treatment and time until recurrence per patient were visualized in a swimmer plot and the median time on treatment per reason to end treatment was calculated. Chi-square test was performed to test for differences in tolerability (treatment-limiting toxicity) between treatments. Per treatment, the RFS was analyzed with the Kaplan–Meier method and visualized in a survival plot. All statistical analyses were exploratory.





3. Results


By text-mining, 217 patients with melanoma were identified in the EHR. Patients who received their systemic treatment as palliative treatment (n = 93) were excluded after context analysis (Figure 2).



In total, 122 melanoma patients were included in the study, 54 patients started with nivolumab, 48 with pembrolizumab and 20 patients with dabrafenib plus trametinib between January 2019 and October 2021. The median age of the patients was 59 years (range: 21–84), and more than half of the patients were male (61.5%). All baseline patient and disease characteristics are shown in Table 2.



3.1. Time on Treatment


The adjuvant treatment was ended for 97 (79%) of the patients, and 25 patients were still on treatment at the time of data extraction (Figure 3). The mean time on treatment of patients, who ended treatments was 10.2 months for nivolumab (interquartile range (IQR): 6.4–12.0), 11 months for pembrolizumab (IQR: 4.2–12.4), and 8.4 months for dabrafenib plus trametinib (IQR: 2.2–11.6).




3.2. Adverse Events


The reported AEs are summarized in Table 3. Fatigue was the most reported AE in all groups (N: 77.8%, P: 75.0%, D + T: 80.0%), followed by diarrhea (44.5%) and headache (29.6%) for patients treated with nivolumab; diarrhea (23.0%) and nausea, pruritus, and hypothyroidism (all 18.8%) for patients treated with pembrolizumab; and pyrexia (65.0%) and nausea (55.0%) for dabrafenib plus trametinib treatment. The adverse events include the following severe AEs: hepatitis (3.7%), asthenia (1.9%) and diarrhea (1.9%) on nivolumab, diarrhea (4.2%) and colitis (2.1%) on pembrolizumab, and nausea, incl. vomiting (5.0%) on dabrafenib plus trametinib.




3.3. Treatment-Limiting Toxicity


In total, in twenty (16.4%) patients, treatment was ended early due to toxicity. The reason to end the adjuvant treatment due to toxicity was significantly different between the treatment groups, with more patients ending treatment in the dabrafenib plus trametinib group (8/15), than patients treated with nivolumab (9/46), and pembrolizumab (3/36), X2 (6, n = 122) = 14.6, p = 0.024. Eight patients stopped within the first three months (N: 2, P: 1, D + T: 5) (Figure 3), and in this group, in total, 28 treatment-limiting AEs were reported (Table 4). IrAEs were most reported as treatment-limiting in patients treated with nivolumab (8/9) and pembrolizumab (2/3), including hepatitis, colitis, pneumonitis, and thyroiditis. Pyrexia (5/8), skin disorders (4/8), chills and nausea (both 3/8) were most reported in patients treated with dabrafenib plus trametinib (n = 8). An overview of treatment-limiting AEs per patient is available in Supplementary File S2.




3.4. Recurrence


In total, 28 patients (23.0%) ended treatment due to recurrence, 15 of the patients were treated with nivolumab, 12 with pembrolizumab and 1 with dabrafenib plus trametinib (Figure 3). The recurrence probability at 1 year was 70.3% (95% CI: 58.1–85.0) for nivolumab, 72.4% (95% CI: 60–87.3) for pembrolizumab, and 83.0% (95% CI: 67.1–1) for dabrafenib plus trametinib (Figure 4). No median RFS was reached for any of these treatments within the maximum follow-up period of 13 months.





4. Discussion


In an effort to optimize data extraction from EHRs and to evaluate the tolerability, safety and efficacy of nivolumab, pembrolizumab and dabrafenib plus trametinib as adjuvant treatments for resected stage III and IV melanoma, we performed a retrospective study by text-mining the EHR in a university hospital. This is the first real-world study on adjuvant treatment in resected stage III and IV melanoma with retrieval of clinical data by text-mining. By collecting a sufficient amount of data, this study shows that text-mining EHR is a valuable and effective new method. The majority of the 122 included patients received ICI (N: 45%, P: 39%), and 16% of our patients received dabrafenib plus trametinib, and we found that adjuvant ICI was better tolerated than dabrafenib plus trametinib, which had a higher risk of treatment-limiting AEs, although reversible.



Even though included patients were treated in the adjuvant setting for melanoma, patient populations slightly differ since the studied treatments are applied for specific indications within adjuvant treatment (e.g., D + T for BRAF positive patients only, and nivolumab also for resected stage IV). Furthermore, dabrafenib plus trametinib was only available through an expanded access program until November 2020, potentially influencing treatment choice. Therefore, our results should be interpreted with caution when comparing treatments head-to-head.



4.1. Tolerability


As the investigated treatments are administered adjuvant after surgery, the accepted toxicity, and therefore tolerability, might be valued differently than during palliative treatment. In this small study, significantly more patients treated with dabrafenib plus trametinib ended their treatment due to treatment-limiting toxicity (53%), than after treatment with ICI (N: 20%, P: 8%). This is not completely unexpected, as the rate for treatment-limiting toxicity in COMBI-AD trial of dabrafenib plus trametinib was also higher (26%), than in the CheckMate 238-trial for nivolumab (8%), and the EORTC 1325/keynote-045 trial for pembrolizumab (14%) [8,9,12]. However, both for dabrafenib plus trametinib and nivolumab, the relative number of patients who ended treatment due to toxicity was higher than in the trials. This was also observed in the studies of de Meza et al. and Hoffmann et al., which showed higher treatment-limiting AEs on ICI in clinical practice [21,22]. As far as we know, no other real-world data have been published with treatment-limiting toxicity rates for dabrafenib plus trametinib.




4.2. Safety


4.2.1. Immune Checkpoint Inhibitors


In this study, not all severe (≥grade 3) AEs were treatment-limiting, and vice versa. However, the incidence of one or two concurring irAEs was mostly treatment-limiting. IrAEs are characterized by auto-reactive T-cells, and can affect many organs, as was demonstrated in this study by the variety of treatment-limiting AEs [23,24,25]. Furthermore, we reported severe hepatitis (n = 2), asthenia (n = 1), and diarrhea (n = 1) during treatment with nivolumab and diarrhea (n = 2), and colitis (n = 1) during pembrolizumab. De Meza et al. did report higher rates of severe AEs in clinical practice compared to the RCTs [21]. Due to the low incidence of the individual severe AEs, we could not determine if this was the case for our study population.



Besides, manifestations of thyroiditis, hyperthyroidism (N: 15%, P: 13%) and hypothyroidism (N: 20%, P: 19%) seemed to occur more often in this study than in the trials (hyperthyroidism, N: 8%, P: 10%; hypothyroidism: N: 10%, 14%) [8,12]. Even though a thyroid-related AE does not necessarily lead to treatment termination, patients often need lifelong hormone replacement [26], and therefore the occurrence of this type of AE might have a severe impact on an individual patient’s quality of life.



The chronic aspect and the recurrence of irAEs can play a role in the treatment decision. In our study, we did not determine the duration of AEs, but Patrinely et al. showed that in clinical practice irAEs appeared more often than was shown in clinical trials and were frequently persistent [27]. Furthermore, restarting therapy after a significant irAE was shown to result in another irAE in 50% of the patients in both a population with renal cell carcinoma and lung cancer, even though this was mostly with a lower severity rate [28,29].




4.2.2. Dabrafenib Plus Trametinib


For dabrafenib plus trametinib treatment, the only reported severe AE was nausea, even though a total of 28 AEs contributed to treatment discontinuation in eight patients. In contrast to ICI, it was always combinations of AEs (two up to six) that were treatment-limiting. Pyrexia (5/8) was the most frequently reported, which is not surprising, as pyrexia specifically is known to occur during treatment with dabrafenib plus trametinib [30]. In three occurrences, it was reported with, at least, chills and nausea. In total, pyrexia occurred in total in 13/20 patients, comparable to the RCT [9]. Additionally, even though in the RCT pyrexia was also identified as the AE most often (9%) resulting in treatment discontinuation, [31], the rate of five out of twenty patients in our population seemed higher.



In this study, five of the eight patients on dabrafenib plus trametinib with treatment-limiting toxicity ended treatment within three months. Early treatment-limiting toxicity (≤3 months) is especially undesirable since these patients might not benefit at all from adjuvant treatment. Remarkably, four out of the five patients were female. However, as these patient numbers are small, we were not able to substantiate this with statistical analysis. Atkinson et al. showed that the incidence of AEs on dabrafenib plus trametinib is the highest during the first three months [31], which is in accordance with the pattern we observed. To encourage patients to remain on treatment, patient education and empowerment could be useful. Mansfield et al. showed that the maximum acceptable risk for pyrexia in melanoma patients receiving dabrafenib plus trametinib was higher when the awareness of the benefits of the therapy is higher. Therefore longer follow-up results on efficacy of the COMBI-AD trial might be beneficial [32]. Furthermore, the COMBI-APlus trial showed that treatment interruption of both dabrafenib and trametinib in case of pyrexia at a temperature of ≥38 °C, instead of discontinuation of only dabrafenib in case of pyrexia of ≥38.5 °C, helped patients in the long term to remain on treatment [31].





4.3. Efficacy


The preliminary 1-year recurrence-free survival rates overlapped with the results of the RCTs [8,9,12]. Even though this is indicative for comparable efficacy, and RFS seems to be a valid surrogate endpoint for overall survival for adjuvant melanoma therapy, it is too soon for conclusions on real-world effectiveness [33]. De Meza et al. showed comparable 1-year survival rates of 87.0% for the stage IIIA, and 76.5% for stage IIIB, and 60.3% for stage IIIC in a population treated with ICI in Dutch clinical practice [21]. Hoffmann et al. showed a RFS at 1-year of 77.1% after nivolumab and 63.5% after pembrolizumab in a Swiss population [22]. Furthermore, even though Koelblinger et al. showed a 1-year RFS rate of 64.8% in an Austrian population, they showed comparable distant metastasis free-survival compared to the Checkmate-238 trial (77.4% vs. 80%), and concluded treatment cost-effectiveness for the Austrian population [34]. All real-world studies showed comparable effectiveness to the RCTs, which is in line with our premature results. Hoffmann et al. is to our knowledge the only published study reviewing dabrafenib plus trametinib in clinical practice; however, they only included three patients who finished their treatment [22].




4.4. Eligibility Criteria


A Dutch nationwide registry showed that 40% of the patients who received treatment for advanced melanoma were ineligible for phase III trials [35]. However, our study population with patients who received adjuvant treatment, in general, met the criteria from the trials. Key exclusion criteria in the phase III trials for adjuvant treatment were ECOG performance status ≥ 1, ocular (N, D + T), uveal (N) or mucosal (D + T) melanoma, previous systemic therapy for melanoma (all), auto-immune disease (N, P), uncontrolled infection (P) or use of systemic glucocorticoids (N, P) [8,9,12]. Even though the performance status is unknown for 35% of our patients—comparable to other real-world studies [36,37]—there was no reason to believe this would be significantly different from phase III trials. Only seven (5.7%) patients that had previous systemic therapy for melanoma did not meet the eligibility criteria, including neo-adjuvant treatment in the PRADO trial [38] and patients who switched adjuvant treatments after early AEs.




4.5. Need for Real-World Data


None of the treatments in this study, and in general, is clearly superior to the others regarding the tolerability, safety and efficacy combined, and proving superiority was not the aim of this study. However, for patients with a BRAF-mutation, a choice between adjuvant treatment with ICI or dabrafenib plus trametinib must be made. Overall, this study reflects the safety profiles shown in the RCTs; however, incidence of thyroid-related irAEs during ICI, often chronic, and treatment-limiting AEs during both nivolumab and dabrafenib plus trametinib seemed higher. Furthermore, effectiveness, estimated by the 1-year RFS, was comparable with the trials. Weilandt et al. showed that, in a discrete choice experiment, overall response rate is the most important parameter for patients when choosing a treatment, followed by the 2-year survival rate, type of adverse events and the probability of treatment-limiting AEs. However, individual (e.g., age, sex, partnership) and disease-related (e.g., tumor burden, experience with ICI or BRAF-MEK inhibitors) resulted in variation of the preferences [39]. Livingstone et al. showed that these values overlap with factors Australian physicians and nurses consider in the recommendation of ICI to patients [40].



To be able to inform melanoma patients of the risks and benefits related to their personal characteristics, more data are needed, which underlines the need for real-world data [41]. This study shows that these data can be collected with text-mining from EHR. Although this study represents only the population of a single university hospital, this is one of the fourteen melanoma centers in the Netherlands. Data on this population have also been collected from EHR by data managers for the Dutch Melanoma Treatment Registry since 2011. However, this is done manually by data managers, is updated regularly and does not include <grade 3 adverse events [21]. This study shows that data extraction using text mining is feasible, and in the future, can potentially be extended to other hospitals and registries, for efficient inclusion of larger populations.




4.6. Strengths and Limitations


We used rule-based text-mining to detect patients, and collect characteristics, outcomes, and adverse events from electronic health records. The advantage of this method is the faster and more standardized data extraction. Furthermore, the set of queries can repeatedly be reused to review the status of adjuvant melanoma treatments in this hospital in the future, for example, on a yearly basis, and has the potential to be implemented in other hospitals treating melanoma patients.



However, due to its retrospective design, the extracted data are both limited by the information stored in the EHR, which is prone to have missing data [42], and by the terms included in the queries [43]. In this study, we aimed for a high sensitivity, by using extensive lists of keywords for the searches in unstructured text, and additionally performed visual context analysis to confirm outcomes, resulting in limited missing data. However, certain information can be underreported.





5. Conclusions


This was the first real-world study on adjuvant treatment in resected stage III and IV melanoma with the retrieval of clinical data by text-mining. In this study, we show that text-mining EHR data are a valuable method to evaluate the tolerability, safety, and efficacy of adjuvant melanoma treatments. In this population, we found a higher tolerability of ICI, as compared to dabrafenib plus trametinib, primarily due to pyrexia and fatigue. Regarding safety, this study shows results comparable to the clinical trial data, except for a higher incidence of treatment-limiting AEs for both nivolumab and dabrafenib plus trametinib, thyroid-related irAEs for nivolumab and pembrolizumab, and some mild adverse events. Furthermore, all 1-year RFS rates were comparable. Implementation of text-mining of EHR in multiple hospitals can further improve the efficiency of capturing real-world data.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/cancers14215426/s1, File S1: Overview of queries for patient inclusion and data extraction in CTcue; File S2: Treatment limiting adverse events per individual patient for nivolumab (2a), pembrolizumab (2b), and dabrafenib plus trametinib (2c).





Author Contributions


Conceptualization, S.A.v.L., E.K., K.B.G.-H., H.-J.G. and J.Z.; Data curation, S.A.v.L.; Formal analysis, S.A.v.L.; Funding acquisition, J.Z.; Investigation, S.A.v.L.; Methodology, S.A.v.L.; Project administration, S.A.v.L.; Resources, E.K.; Software, S.A.v.L.; Supervision, K.B.G.-H., H.-J.G. and J.Z.; Validation, S.A.v.L. and E.K.; Visualization, S.A.v.L.; Writing—original draft, S.A.v.L.; Writing—review and editing, E.K., K.B.G.-H., H.-J.G. and J.Z. All authors have read and agreed to the published version of the manuscript.




Funding


This study was sponsored by Novartis (The Netherlands), grant number: CSO 21.026/P3 238002.




Institutional Review Board Statement


The study protocol was reviewed and approved by the Medical Ethics Review Committee of the Leiden University Medical Center (LUMC), Leiden, the Netherlands (ethical code: G21.193, permission date: 26 November 2021), which waived the need for informed consent.




Informed Consent Statement


The institutional Review board waived the requirement of patients’ written informed consent for this study in accordance with the national legislation and the institutional requirements.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author, J.Z., upon reasonable request.




Conflicts of Interest


E.K. has consultancy/advisory relationships with Bristol Myers Squibb, Novartis, Merck, Pierre Fabre, and received research grants not related to this paper from Bristol Myers Squibb and Pierre Fabre. The other authors have no conflicts of interests to declare.




References


	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef]

	



NKR-cijfers/IKNL. Incidentie, Melanoom van de Huid en Externe Geslachtsorganen, CR. Available online: https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=243&fs%7Cregio_id=550&fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C563%2C562%2C561&fs%7Cgeslacht_id=644&fs%7Cleeftijdsgroep_id=677&fs%7Cjaren_na_diagnose_id=687&fs%7Ceenheid_id=702&cs%7Ctype=line&cs%7CxAxis=periode_id&cs%7Cseries=epidemiologie_id&ts%7CrowDimensions=&ts%7CcolumnDimensions=periode_id&lang%7Clanguage=nl (accessed on 14 June 2022).

	



Curti, B.D.; Faries, M.B. Recent Advances in the Treatment of Melanoma. N. Engl. J. Med. 2021, 384, 2229–2240. [Google Scholar] [CrossRef]

	



European Medicines Agency. CHMP Post-Authorisation Summary of Positive Opinion for Keytruda. 2018. Available online: https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-positive-opinion-keytruda-ii-47_en.pdf (accessed on 14 June 2022).

	



European Medicines Agency. CHMP Post-Authorisation Summary of Positive Opinion for Opdivo. 2018. Available online: https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-positive-opinion-opdivo_en-1.pdf (accessed on 14 June 2022).

	



European Medicines Agency. CHMP Post-Authorisation Summary of Positive Opinion for Mekinist. 2018. Available online: https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-positive-opinion-mekinist-ws/1274_en.pdf (accessed on 14 June 2022).

	



European Medicines Agency. CHMP Post-Authorisation Summary of Positive Opinion for Tafinlar. 2018. Available online: https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-positive-opinion-tafinlar-ws-1274_en.pdf (accessed on 14 June 2022).

	



Weber, J.; Mandala, M.; del Vecchio, M.; Gogas, H.J.; Arance, A.M.; Cowey, C.L.; Dalle, S.; Schenker, M.; Chiarion-Sileni, V.; Marquez-Rodas, I.; et al. Adjuvant Nivolumab versus Ipilimumab in Resected Stage III or IV Melanoma. N. Engl. J. Med. 2017, 377, 1824–1835. [Google Scholar] [CrossRef]

	



Long, G.V.; Hauschild, A.; Santinami, M.; Atkinson, V.; Mandalà, M.; Chiarion-Sileni, V.; Larkin, J.; Nyakas, M.; Dutriaux, C.; Haydon, A.; et al. Adjuvant Dabrafenib plus Trametinib in Stage III BRAF-Mutated Melanoma. N. Engl. J. Med. 2017, 377, 1813–1823. [Google Scholar] [CrossRef]

	



Ascierto, P.A.; del Vecchio, M.; Mandalá, M.; Gogas, H.; Arance, A.M.; Dalle, S.; Cowey, C.L.; Schenker, M.; Grob, J.J.; Chiarion-Sileni, V.; et al. Adjuvant nivolumab versus ipilimumab in resected stage IIIB-C and stage IV melanoma (CheckMate 238): 4-year results from a multicentre, double-blind, randomised, controlled, phase 3 trial. Lancet Oncol. 2020, 21, 1465–1477. [Google Scholar] [CrossRef]

	



Eggermont, A.M.M.; Blank, C.U.; Mandalà, M.; Long, G.V.; Atkinson, V.G.; Dalle, S.; Haydon, A.M.; Meshcheryakov, A.; Khattak, A.; Carlino, M.S.; et al. Adjuvant pembrolizumab versus placebo in resected stage III melanoma (EORTC 1325-MG/KEYNOTE-054): Distant metastasis-free survival results from a double-blind, randomised, controlled, phase 3 trial. Lancet Oncol. 2021, 22, 643–654. [Google Scholar] [CrossRef]

	



Eggermont, A.M.M.; Blank, C.U.; Mandala, M.; Long, G.V.; Atkinson, V.; Dalle, S.; Haydon, A.; Lichinitser, M.; Khattak, A.; Carlino, M.S.; et al. Adjuvant Pembrolizumab versus Placebo in Resected Stage III Melanoma. N. Engl. J. Med. 2018, 378, 1789–1801. [Google Scholar] [CrossRef]

	



Dummer, R.; Hauschild, A.; Santinami, M.; Atkinson, V.; Mandalà, M.; Kirkwood, J.M.; Sileni, V.C.; Larkin, J.; Nyakas, M.; Dutriaux, C.; et al. Five-Year Analysis of Adjuvant Dabrafenib plus Trametinib in Stage III Melanoma. N. Engl. J. Med. 2020, 383, 1139–1148. [Google Scholar] [CrossRef]

	



Wright, J.J.; Powers, A.C.; Johnson, D.B. Endocrine toxicities of immune checkpoint inhibitors. Nat. Rev. Endocrinol. 2021, 17, 389–399. [Google Scholar] [CrossRef]

	



Dimitriou, F.; Long, G.V.; Menzies, A.M. Novel adjuvant options for cutaneous melanoma. Ann. Oncol. 2021, 32, 854–865. [Google Scholar] [CrossRef]

	



Wang, S.V.; Schneeweiss, S.; Gagne, J.J.; Evers, T.; Gerlinger, C.; Desai, R.; Najafzadeh, M. Using Real-World Data to Extrapolate Evidence From Randomized Controlled Trials. Clin. Pharmacol. Ther. 2019, 105, 1156–1163. [Google Scholar] [CrossRef]

	



Casey, J.A.; Schwartz, B.S.; Stewart, W.F.; Adler, N.E. Using Electronic Health Records for Population Health Research: A Review of Methods and Applications. Annu. Rev. Public Health 2016, 37, 61–81. [Google Scholar] [CrossRef]

	



van Laar, S.A.; Gombert-Handoko, K.B.; Guchelaar, H.-J.; Zwaveling, J. 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. 2020, 108, 644–652. [Google Scholar] [CrossRef]

	



van Laar, S.A.; Gombert-Handoko, K.B.; Wassenaar, S.; Kroep, J.R.; Guchelaar, H.-J.; Zwaveling, J. Real-world evaluation of supportive care using an electronic health record text-mining tool: G-CSF use in breast cancer patients. Support. Care Cancer 2022. [Google Scholar] [CrossRef]

	



van Laar, S.A.; Gombert-Handoko, K.B.; Groenwold, R.H.H.; van der Hulle, T.; Visser, L.E.; Houtsma, D.; Guchelaar, H.J.; Zwaveling, J. Real-World Metastatic Renal Cell Carcinoma Treatment Patterns and Clinical Outcomes in The Netherlands. Front. Pharmacol. 2022, 13, 803935. [Google Scholar] [CrossRef]

	



de Meza, M.M.; Ismail, R.K.; Rauwerdink, D.; van Not, O.J.; van Breeschoten, J.; Blokx, W.A.M.; de Boer, A.; van Dartel, M.; Hilarius, D.L.; Ellebaek, E.; et al. Adjuvant treatment for melanoma in clinical practice – Trial versus reality. Eur. J. Cancer 2021, 158, 234–245. [Google Scholar] [CrossRef]

	



Hoffmann, M.; Hayoz, S.; Özdemir, B.C. Prescription Patterns, Recurrence, and Toxicity Rates of Adjuvant Treatment for Stage III/IV Melanoma-A Real World Single-Center Analysis. Biology 2022, 11, 422. [Google Scholar] [CrossRef]

	



Postow, M.A.; Sidlow, R.; Hellmann, M.D. Immune-Related Adverse Events Associated with Immune Checkpoint Blockade. N. Engl. J. Med. 2018, 378, 158–168. [Google Scholar] [CrossRef]

	



Khan, S.; Gerber, D.E. Autoimmunity, checkpoint inhibitor therapy and immune-related adverse events: A review. Semin. Cancer Biol. 2020, 64, 93–101. [Google Scholar] [CrossRef]

	



Mor, A.; Strazza, M. Bridging the Gap: Connecting the Mechanisms of Immune-Related Adverse Events and Autoimmunity Through PD-1. Front. Cell Dev. Biol. 2022, 9, 790386. [Google Scholar] [CrossRef]

	



Darnell, E.P.; Mooradian, M.J.; Baruch, E.N.; Yilmaz, M.; Reynolds, K.L. Immune-Related Adverse Events (irAEs): Diagnosis, Management, and Clinical Pearls. Curr. Oncol. Rep. 2020, 22, 39. [Google Scholar] [CrossRef]

	



Patrinely, J.R.; Johnson, R., Jr.; Lawless, A.R.; Bhave, P.; Sawyers, A.; Dimitrova, M.; Yeoh, H.L.; Palmeri, M.; Ye, F.; Fan, R.; et al. Chronic Immune-Related Adverse Events Following Adjuvant Anti–PD-1 Therapy for High-risk Resected Melanoma. JAMA Oncol. 2021, 7, 744–748. [Google Scholar] [CrossRef]

	



Santini, F.C.; Rizvi, H.; Wilkins, O.; van Voorthuysen, M.; Panora, E.; Halpenny, D.; Kris, M.G.; Rudin, C.M.; Chaft, J.E.; Hellmann, M.D. Safety of retreatment with immunotherapy after immune-related toxicity in patients with lung cancers treated with anti-PD(L)-1 therapy. J. Clin. Oncol. 2017, 35, 9012. [Google Scholar] [CrossRef]

	



Abou Alaiwi, S.; Xie, W.; Nassar, A.H.; Dudani, S.; Martini, D.; Bakouny, Z.; Steinharter, J.A.; Nuzzo, P.V.; Flippot, R.; Martinez-Chanza, N.; et al. Safety and efficacy of restarting immune checkpoint inhibitors after clinically significant immune-related adverse events in metastatic renal cell carcinoma. J. Immunother. Cancer 2020, 8, e000144. [Google Scholar] [CrossRef]

	



Heinzerling, L.; Eigentler, T.K.; Fluck, M.; Hassel, J.C.; Heller-Schenck, D.; Leipe, J.; Pauschinger, M.; Vogel, A.; Zimmer, L.; Gutzmer, R. Tolerability of BRAF/MEK inhibitor combinations: Adverse event evaluation and management. ESMO Open 2019, 4, e000491. [Google Scholar] [CrossRef]

	



Atkinson, V.; Robert, C.; Grob, J.J.; Gogas, H.; Dutriaux, C.; Demidov, L.; Gupta, A.; Menzies, A.M.; Ryll, B.; Miranda, F.; et al. Improved pyrexia-related outcomes associated with an adapted pyrexia adverse event management algorithm in patients treated with adjuvant dabrafenib plus trametinib: Primary results of COMBI-APlus. Eur. J. Cancer 2022, 163, 79–87. [Google Scholar] [CrossRef]

	



Mansfield, C.; Myers, K.; Klein, K.; Patel, J.; Nakasato, A.; Ling, Y.-L.; Tarhini, A.A. Risk tolerance in adjuvant and metastatic melanoma settings: A patient perspective study using the threshold technique. Future Oncol. 2021, 17, 2151–2167. [Google Scholar] [CrossRef]

	



Suciu, S.; Eggermont, A.M.M.; Lorigan, P.; Kirkwood, J.M.; Markovic, S.N.; Garbe, C.; Cameron, D.; Kotapati, S.; Chen, T.T.; Wheatley, K.; et al. Relapse-Free Survival as a Surrogate for Overall Survival in the Evaluation of Stage II-III Melanoma Adjuvant Therapy. J. Natl. Cancer Inst. 2018, 110. [Google Scholar] [CrossRef]

	



Koelblinger, P.; Hoellwerth, M.; Dernoscheg, M.-T.; Koch, L.; Richtig, E.; Wanner, M.; Nguyen, V.-A.; Ostermann, H.; Bauer, J.W.; Laimer, M. Adjuvant anti-PD-1 antibody treatment in stage III/IV melanoma: Real-world experience and health economic considerations. J. Dtsch. Dermatol. Ges. 2021, 19, 1186–1198. [Google Scholar] [CrossRef]

	



van Zeijl, M.C.T.; Ismail, R.K.; de Wreede, L.C.; van den Eertwegh, A.J.M.; de Boer, A.; van Dartel, M.; Hilarius, D.L.; Aarts, M.J.B.; van den Berkmortel, F.; Boers-Sonderen, M.J.; et al. Real-world outcomes of advanced melanoma patients not represented in phase III trials. Int. J. Cancer 2020, 147, 3461–3470. [Google Scholar] [CrossRef]

	



Board, R.; Smittenaar, R.; Lawton, S.; Liu, H.; Juwa, B.; Chao, D.; Corrie, P. Metastatic melanoma patient outcomes since introduction of immune checkpoint inhibitors in England between 2014 and 2018. Int. J. Cancer 2021, 148, 868–875. [Google Scholar] [CrossRef]

	



Moser, J.C.; Chen, D.; Hu-Lieskovan, S.; Grossmann, K.F.; Patel, S.; Colonna, S.V.; Ying, J.; Hyngstrom, J.R. Real-world survival of patients with advanced BRAF V600 mutated melanoma treated with front-line BRAF/MEK inhibitors, anti-PD-1 antibodies, or nivolumab/ipilimumab. Cancer Med. 2019, 8, 7637–7643. [Google Scholar] [CrossRef]

	



Reijers, I.L.M.; Menzies, A.M.; van Akkooi, A.C.J.; Versluis, J.M.; van den Heuvel, N.M.J.; Saw, R.P.M.; Pennington, T.E.; Kapiteijn, E.; van der Veldt, A.A.M.; Suijkerbuijk, K.P.M.; et al. Personalized response-directed surgery and adjuvant therapy after neoadjuvant ipilimumab and nivolumab in high-risk stage III melanoma: The PRADO trial. Nat. Med. 2022, 28, 1178–1188. [Google Scholar] [CrossRef]

	



Weilandt, J.; Diehl, K.; Schaarschmidt, M.L.; Kieker, F.; Sasama, B.; Pronk, M.; Ohletz, J.; Könnecke, A.; Müller, V.; Utikal, J.; et al. Patient Preferences in Adjuvant and Palliative Treatment of Advanced Melanoma: A Discrete Choice Experiment. Acta Derm. Venereol. 2020, 100, adv00083. [Google Scholar] [CrossRef]

	



Livingstone, A.; Dempsey, K.; Stockler, M.R.; Howard, K.; Long, G.V.; Carlino, M.S.; Menzies, A.M.; Morton, R.L. Adjuvant immunotherapy recommendations for stage III melanoma: Physician and nurse interviews. BMC Cancer 2021, 21, 1014. [Google Scholar] [CrossRef]

	



Bica, I.; Alaa, A.M.; Lambert, C.; van der Schaar, M. From Real-World Patient Data to Individualized Treatment Effects Using Machine Learning: Current and Future Methods to Address Underlying Challenges. Clin. Pharmacol. Ther. 2021, 109, 87–100. [Google Scholar] [CrossRef]

	



Haneuse, S.; Bogart, A.; Jazic, I.; Westbrook, E.O.; Boudreau, D.; Theis, M.K.; Simon, G.E.; Arterburn, D. Learning About Missing Data Mechanisms in Electronic Health Records-based Research: A Survey-based Approach. Epidemiology 2016, 27, 82–90. [Google Scholar] [CrossRef]

	



Percha, B. Modern Clinical Text Mining: A Guide and Review. Annu. Rev. Biomed. Data Sci. 2021, 4, 165–187. [Google Scholar] [CrossRef]








[image: Cancers 14 05426 g001 550] 





Figure 1. Steps taken to find patients and collect data with the text-mining tool, including the construction of rule-based queries and context analysis. 
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Figure 2. Patient flow chart. DBC-code: diagnosis-treatment combination code. 
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Figure 3. Patients’ time on treatment, causes of treatment discontinuation, and recurrence per treatment. 
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Figure 4. Kaplan–Meier curves representing the recurrence-free survival (RFS) of nivolumab, pembrolizumab, and dabrafenib plus trametinib 1-year RFS was 70.3% (95% confidence interval (CI): 58.1–85.0) for nivolumab, 72.4% (95% CI: 60–87.3) for pembrolizumab, and 83.0% (95% CI: 67.1–100) for dabrafenib plus trametinib. 
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Table 1. Phase III trial results for adjuvant treatments of melanoma.
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Nivolumab

	
Pembrolizumab

	
Dabrafenib Plus Trametinib






	
Phase III trial

	
Checkmate 238 [8,10]

	
EORTC/KEYNOTE-054 [11,12]

	
COMBI-AD [9,13]




	
Comparator

	
Ipilimumab

	
Placebo

	
Placebo




	
Eligibility criteria

	
Resected stage IIIb, IIIc and IV melanoma, ECOG PS: 0 or 1

	
Resected stage IIIa, IIIb, and IIIc melanoma, ECOG PS: 0 or 1

	
Resected stage IIIa, IIIb, or IIIc melanoma with a BRAF V600E or V600K mutation, ECOG PS: 0 or 1.




	
Recurrence-free survival

	
1-year

	
1-year

	
1-year




	
NIV: 71%

	
PEM: 75%

	
D + T: 88%




	
IPI: 61%

	
PLA: 61%

	
PLA: 56%




	
4-year

	
3.5-year

	
5-year




	
NIV: 51.7%

	
PEM: 60%

	
D + T: 52%




	
IPI: 41.2%

	
PLA: 41%

	
PLA: 36%




	
HR: 0.71

	
HR: 0.59

	
HR: 0.51




	
95% CI = 0.60–0.86

	
95% CI = 0.49–0.70

	
95% CI = 0.42–0.61




	
Overall survival

	
4-year

	
-

	
3-year




	
NIV: 77.9%

	

	
D + T: 86%




	
IPI: 76.6%

	

	
PLA: 77%




	
HR: 0.87

	

	
HR: 0.57




	
95% CI = 0.66–1.14

	

	
95% CI = 0.42–0.79 *




	
≥Grade 3 AE

	
NIV: 25.4%

	
PEM: 31.6%

	
D + T: 41%




	
IPI: 55.2%

	
PLA: 18.5%

	
PLA: 14%




	
Most common AE

	
Skin reactions: 44.5%

	
All immune-related AE: 37.3%

	
Pyrexia: 63%




	
Fatigue: 34.5%

	
Fatigue or asthenia: 37.1%

	
Fatigue: 47%




	
Gastrointestinal: 25.2%

	
Skin reactions: 28.3%

	
Nausea: 40%




	
AE leading to discontinuation

	
NIV: 9.7%

	
PEM: 13.8%

	
D + T: 26%




	
IPI: 42.6%

	
PLA: 2.2%

	
PLA: 3%








Abbreviations: AE: adverse event, D + T: dabrafenib plus trametinib, ECOG PS: Eastern Cooperative Oncology Group Performance Status, NIV: nivolumab, PEM: pembrolizumab: PLA: placebo, 95% CI: 95% confidence interval. * did not meet the prespecified interim analysis boundary of p = 0.000019.
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Table 2. Patient characteristics.
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	Characteristics
	Nivolumab

(n = 54)
	Pembrolizumab

(n = 48)
	Dabrafenib Plus Trametinib

(n = 20)
	All Patients

(n = 122)





	Median age (range)—year
	61 (21–84)
	57.5 (23–80)
	57.5 (31–73)
	59 (21–84)



	Sex, no. (%)
	
	
	
	



	   Male
	35 (64.8)
	31 (64.6)
	9 (45.0)
	75 (61.5)



	   Female
	19 (35.2)
	17 (35.4)
	11 (55.0)
	47 (38.5)



	ECOG performance status, no. (%)
	
	
	
	



	   0
	32 (59.3)
	24 (50.0)
	9 (45.0)
	65 (53.3)



	   1
	7 (13.0)
	5 (10.4)
	1 (5.0)
	13 (10.7)



	   Unknown
	15 (27.8)
	18 (37.5)
	10 (50.0)
	43 (35.2)



	Disease stage, no. (%) AJCC 7
	
	
	
	



	   III
	34 (63.0)
	48 (100)
	20 (100)
	102 (83.6)



	   Unspecified
	3 (5.6)
	1 (2.1)
	1 (5.0)
	5 (4.1)



	   IIIa
	1 (1.9)
	20 (41.7)
	5 (25.0)
	26 (21.3)



	   IIIb
	10 (18.5)
	19 (39.6)
	9 (45.0)
	38 (31.1)



	   IIIc
	20 (37.0)
	8 (16.7)
	5 (25.0)
	33 (27.0)



	   Resected IV
	20 (37.0)
	-
	-
	20 (16.4)



	Primary tumor location, no. (%)
	
	
	
	



	   Head or neck
	6 (11.1)
	6 (12.5)
	2 (10.0)
	14 (11.5)



	   Body
	19 (35.2)
	22 (45.8)
	8 (40.0)
	49 (40.2)



	   Extremities
	17 (31.5)
	13 (27.1)
	6 (30.0)
	36 (29.5)



	   Acral
	1 (1.9)
	3 (6.3)
	1 (5.0)
	5 (4.1)



	   Mucosal
	1 (1.9)
	-
	-
	1 (0.8)



	   Unknown primary
	9 (16.7)
	2 (4.2)
	3 (15.0)
	14 (11.5)



	   Unknown
	1 (1.9)
	2 (4.2)
	-
	3 (2.5)



	Subtype, no. (%)
	
	
	
	



	   Superficial spreading
	16 (29.6)
	25 (52.1)
	11 (55.0)
	52 (42.6)



	   Nodular
	9 (16.7)
	8 (16.7)
	5 (25.0)
	22 (18.0)



	   Acral lentiginous
	-
	2 (4.2)
	1 (5.0)
	3 (2.5)



	   Spindle cell
	-
	3 (6.3)
	-
	3 (2.5)



	   Unclear
	29 (53.7)
	10 (20.8)
	3 (15.0)
	42 (34.4)



	LDH above ULN, no. (%)
	
	
	
	



	   Yes
	5 (9.3)
	-
	-
	5 (4.1)



	   No
	43 (79.6)
	44 (91.7)
	20 (100.0)
	107 (87.7)



	   Unknown
	6 (11.1)
	4 (8.3)
	-
	10 (8.2)



	Ulceration, no. (%)
	
	
	
	



	   Yes
	-
	15 (31.3)
	1 (5.0)
	16 (13.1)



	   No
	14 (25.0)
	25 (52.1)
	5 (25.0)
	44 (36.1)



	   Unknown
	40 (74.1)
	8 (16.7)
	14 (70.0)
	62 (50.8)



	BRAF mutation, no. (%)
	
	
	
	



	   Yes
	28 (51.9)
	17 (35.4)
	20 (100.0)
	65 (53.3)



	   No
	21 (38.9)
	20 (41.7)
	-
	41 (33.6)



	   Unknown
	5 (9.3)
	11 (22.9)
	-
	16 (13.1)



	NRAS mutation, no. (%)
	
	
	
	



	   Yes
	18 (33.3)
	12 (25.0)
	1 (5.0)
	31 (25.4)



	   No
	28 (51.9)
	13 (27.1)
	15 (75.0)
	56 (45.9)



	   Unknown
	8 (14.8)
	23 (47.9)
	4 (20.0)
	35 (28.7)



	KIT mutation, no. (%)
	
	
	
	



	   Yes
	-
	1 (2.1)
	-
	1 (0.8)



	   No
	45 (83.3)
	31 (64.6)
	17 (85.0)
	93 (76.2)



	   Unknown
	9 (16.7)
	16 (33.3)
	3 (15.0)
	28 (23.0)



	Previous systemic therapy for melanoma, no. (%)
	
	
	
	



	   Adjuvant
	1 (1.9)
	1 (2.1)
	1 (5.0)
	3 (2.5)



	   Neo-adjuvant
	1 (1.9)
	-
	3 (15.0)
	4 (3.3)
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Table 3. Adverse events.
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Adverse Events, No. (%)

	
Nivolumab

	
Pembrolizumab

	
Dabrafenib Plus Trametinib




	

	
(n = 54)

	
(n = 48)

	
(n = 20)




	

	
Grade 1–2

	
Grade 3–4

	
Grade 1–2

	
Grade 3–4

	
Grade 1–2

	
Grade 3–4






	
Abdominal pain

	
2 (3.7)

	
-

	
4 (8.3)

	
-

	
1 (5.0)

	
-




	
Arthralgia

	
2 (3.7)

	
-

	
2 (4.2)

	
-

	
2 (10.0)

	
-




	
Chills

	
2 (3.7)

	
-

	
-

	
-

	
9 (45.0)

	
-




	
Cough

	
12 (22.2)

	
-

	
7 (14.6)

	
-

	
4 (20.0)

	
-




	
Diarrhea

	
22 (42.6)

	
1 (1.9)

	
9 (18.8)

	
2 (4.2)

	
1 (5.0)

	
-




	
Dyspnea

	
6 (11.1)

	
-

	
4 (8.3)

	
-

	
-

	
-




	
Fatigue or asthenia

	
43 (79.6)

	
-

	

	
-

	
16 (80.0)

	
-




	
   Fatigue

	
42 (77.8)

	
-

	
36 (75.0)

	
-

	
16 (80.0)

	
-




	
   Asthenia

	
1 (1.9)

	
1 (1.9)

	
1 (2.1)

	
-

	
1 (5.0)

	
-




	
Headache

	
16 (29.6)

	
-

	
8 (16.7)

	
-

	
10 (50.0)

	
-




	
Nausea, incl. vomiting

	
13 (24.1)

	
-

	
9 (18.8)

	
-

	
10 (50.0)

	
1 (5.0)




	
Pyrexia

	
15 (27.8)

	
-

	
4 (8.3)

	
-

	
13 (65.0)

	
-




	
Skin reaction

	
17 (31.5)

	
-

	
9 (18.8)

	
-

	
6 (30.0)

	
-




	
   Pruritus

	
13 (24.1)

	
-

	
9 18.8)

	
-

	
3 (15.0)

	
-




	
   Rash

	
9 (16.7)

	
-

	
2 (4.2)

	
-

	
5 (25.0)

	
-




	
Immune-related adverse events

	

	

	

	

	

	




	
   Colitis

	
3 (5.6)

	
-

	
1 (2.1)

	
1 (2.1)

	
-

	
-




	
   Diabetes Mellitus type 1

	
-

	
-

	
-

	
-

	
-

	
-




	
   Hepatitis

	
-

	
2 (3.7)

	
-

	
-

	
-

	
-




	
   Hyperthyroidism

	
8 (14.8)

	
-

	
6 (12.5)

	
-

	
-

	
-




	
   Hypothyroidism

	
11 (20.4)

	
-

	
9 (18.8)

	
-

	
-

	
-




	
   Pneumonitis

	
-

	
-

	
2 (4.2)

	
-

	
-

	
-
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Table 4. Treatment-limiting adverse events in patients who ended treatment due to toxicity. Patients could have one, or combinations of adverse events.
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	Adverse Events, No.
	Nivolumab

n = 9
	Pembrolizumab

n = 3
	Dabrafenib Plus Trametinib

n = 8





	Allergic reaction
	-
	-
	1



	Arthalgia
	1
	1
	1



	Chills
	-
	-
	3



	Decreased appetite
	-
	-
	1



	Fatigue
	-
	-
	2



	Fever
	-
	-
	5



	Headache
	-
	-
	1



	Liver function disorders
	-
	-
	1



	Malaise
	-
	-
	2



	Myalgia
	-
	1
	2



	Nausea
	-
	-
	3



	Skin disorder
	-
	-
	4



	Syncope
	-
	-
	1



	Tachycardia
	-
	-
	1



	Immune-related adverse events
	8
	2
	-



	Adrenalitis
	1
	-
	-



	Colitis
	2
	1
	-



	Hepatitis
	2
	-
	-



	Hypocortisolism
	1
	-
	-



	Meningitis
	1
	-
	-



	Myocarditis, no.
	1
	-
	-



	Myositis, no.
	1
	-
	-



	Polymyalgia rheumatica, no.
	1
	-
	-



	Pneumonitis, no.
	2
	1
	-



	Thyroiditis, no.
	2
	-
	-
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
o
General Criteria

1.  DBC-code: malignancy melanoma (0313... ... 842)
2. Unstructured text: “Adjuvanf” OR “stage /I’ (or synonyms)

I
Nivolumab
1. Prescription: nivolumab after 01-01-20159
2. Prescription: NO jpiimumab with
3. Unstructured text: “nmivolumab™ OR

|
Pembrolizumab
1. Prescnption: pembrolizumab after 01-01-
2019
2. Unstructured text: “pembrolizumab” or

Dabrafenib with trametinib

1. Prescnption: dabrafenib or trametinib after
01-01-2019

2. Unstructured text: “dabrafenib”,

“immunotherapy” (or synonyms) “immunotherapy” (or synonyms “trametinib” OR “BRAF-MEK inhibitor” (or
synonyms)
¥ L v
{ 115 patients J { 63 patients J { 39 patients
I | |
¥
[ 217 patients ]
i ( Reason for exclusion
‘ * 1. Palliative treatment: 90 patients
2. Other: 2 patients
[ 125 patients ]
| _ ( Switched treatments
+ : L 3 patients






nav.xhtml


  cancers-14-05426


  
    		
      cancers-14-05426
    


  




  





media/file2.png
\

e Construction of rule-based queries for in- and exclusion of
patients

Find patients

Patient
cohorts

e Overview of patients meeting the criteria
e Confirm patient population based on context analysis

Questions

e Construction of rule-based queries to collect data per
variable per patient

Collect data

Data
validation

e Overview of variableresults meeting the questions
e Confirm data per patientbased on context analysis

Export dataset

g

/
'l

Example: rule-based query

Pyrexia adverse event

Option 1: Pyrexia

Free-text notes containing “Fever
synonyms and typo's)

OR Vital sign containing temperature >38°C

ELA

% “Pyrexia”, etc. (incl.

Option 2: No pyrexia
Free-text notes containing “No fever”, “No pyrexia”,
et.

/ Example: context analysis

Option 1: Pyrexia
“.... Reasons of visit: Fever, diarrhea, problems with ...”
-2 confirm pyrexia

“... in case of fever, contact...”
—* Change to no pyrexia

Option 2: No pyrexia
“. No fever, good intake, no chills...”
\_ = Confirm no pyrexia






media/file5.jpg
Nivolumab Pembrolizumab. ‘Dabrafenib plus trametinib.

=58 neie) =20
Reasonstop  n(%) _Median iime W Wedanime 0 n
e ) s 0 ) [y
Ml Endofveatment 241)  121(120-122) 062 125(124-128 8GO 121(19-129)
| Recurence 4@ s0@i-82) 1208 426259 230
W Toxiciy s0m)  sew0-74) 36 410478 18014-33)
15 Otver [y 020) @ 140 2 =
Onveament 88  ss@i-an 1208 s7@0-102) 5@ eser-sm
Recurrence
oo nm) s809) 64
ves 188 s 308
_ = | m -
§ § i i —
H H : | 5 _‘
—
i i f
2 H 5

Time on westment (montns)

Time on treatment (months)





media/file3.jpg
Goercrera

8C code: mapancy malanoma 031
3 Uit Aot OR s & o)

)

T
— Pt i i s
TR | S [
IRm i || S
TENEATINR, || et e | | St st
s e S A e
=
v = ;
[ 10 e S
i I ]
|
)
T e
=y
o
=
S






media/file1.jpg
Findpatients

Collectdata

+ Constructionof rle-based queries or - and exclusion of
patients

« Overview of patients meeting th criera
« Confirm patientpopulation based on context anlyss

+ Constructionof rle-based queries o collct datape
variableper ptient

« Overview ofvariabe esults meeting the questions
« Confirm data per ptient based on context analysis

e m—

o
i

e s v i
T -

o e o e

e
pr s

e

e
Ly





media/file7.jpg





media/file0.png





media/file8.png
Overall recurrence probability

Strata

Overall recurrence probability

Strata

Overall recurrence probability

Strata

Nivolumab

Strata == All
1.00
0.751
0.50
0.25-
000 __ | | | | |
0 2.5 5 7.5 10 125
Months
Number at risk
AH{ 54 54 45 38 29 3
0 2.5 5 7.5 10 125
Months
Pembrolizumab
Strata == All
1.00 1 ‘—\_a-._\
0.75 ——.
0.50-
0.25-
0001 ' ' ' | |
0 25 5 7.5 10 12.5
Months
Number at risk
An{ 48 46 37 34 25 7
0 2.5 5 75 10 12.5
Months

Dabrafenib with trametinib

Strata === All
1.00+ | -
1 g e
I AR . L S 4 0 B & B
0.75-
0.50
0.25-
0.00-
0 25 5 75 10 125
Months
Number at risk
An{ 20 19 16 14 9 1
0 2.5 5 7.5 10 12.5

Months





media/file6.png
Nivolumab Pembrolizumab Dabrafenib plus trametinib

(n=54) (n = 48) (n = 20)
Reason stop n (%) Median time n (%) Median time n (%) Median time
months, (1st - 3rd quartile) months, (1st - 3rd quartile) months, (1st - 3rd quartile)
. End of treatment 22 (41) 12.1(12.0-12.2) 20 (42) 12.5(12.4-125) 6(30) 12.1(11.9-12.3)
~ Recurrence 14 (26) 6.0 (4.1-8.2) 12 (25) 42 (42-5.3) 1(5) 2.3(-)
B Toxicity 9 (17) 6.4 (4.0-7.4) 3(6) 4.1(34-7.6) 8 (40) 1.8 (1.4-3.3)
~ Other 1(2) 9.2(-) 1(2) 14 () - -
On treatment 8 (15) 6.9(54-8.1) 12 (25) 9.7 (9.0-10.2) 5 (25) 8.8(8.7-9.7)
Recurrence
o No 39 (72) 36 (75) 17 (84)
s Yes 15 (28) 12 (25) 3 (15)
i1 : B Il ;
; — S .
: P o 1l -
1 2 A B
. o
| [— - ] . o
= ° -O | -
1 — D o

o
o

1 1
I [
o

s}

Ll Ll b L 1 1 1 1.1
| IoIo
e o
‘ |O
0000 POO
oo
1

o

Individual patients
Individual patients
Individual patients

1

1
e ) o]
o (]

o
]
-
o
=
=) -

5 10 5 10
Time on treatment (months) Time on treatment (months) Time on treatment (months)





