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Abstract

:

The approval of CDK4/6 inhibitors has dramatically improved care for the treatment of HR+/HER2– advanced breast cancer, but navigating the rapidly-expanding treatment evidence base is challenging. In this narrative review, we provide best-practice recommendations for the first-line treatment of HR+/HER2– advanced breast cancer in Canada based on relevant literature, clinical guidelines, and our own clinical experience. Due to statistically significant improvements in overall survival and progression-free survival, ribociclib + aromatase inhibitor is our preferred first-line treatment for de novo advanced disease or relapse >12 months after completion of adjuvant endocrine therapy and ribociclib or abemaciclib + fulvestrant is our preferred first-line treatment for patients experiencing early relapse. Abemaciclib or palbociclib may be used when alternatives to ribociclib are needed, and endocrine therapy can be used alone in the case of contraindication to CDK4/6 inhibitors or limited life expectancy. Considerations for special populations—including frail and fit elderly patients, as well as those with visceral disease, brain metastases, and oligometastatic disease—are also explored. For monitoring, we recommend an approach across CDK4/6 inhibitors. For mutational testing, we recommend routinely performing ER/PR/HER2 testing to confirm the subtype of advanced disease at the time of progression and to consider ESR1 and PIK3CA testing for select patients. Where possible, engage a multidisciplinary care team to apply evidence in a patient-centric manner.
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1. Introduction


Breast cancer is the leading cause of cancer among Canadian women. One in eight Canadian women will develop breast cancer during their lifetime, and one in 34 will die from it. The Canadian Cancer Society estimated that 28,600 Canadian women would be diagnosed with breast cancer in 2022, representing 25% of all new cancer cases in women. It was also estimated that 5500 Canadian women would die from breast cancer in 2022, representing 14% of all cancer deaths in women for that year. On average, 78 Canadian women will be diagnosed with breast cancer every day [1].



Hormone receptor–positive (HR+), human epidermal growth factor receptor-2–negative (HER2–) breast cancer remains the most common subtype, accounting for ~80% of all breast cancer cases [2]. Prior to 2016, the mainstay of treatment for HR+/HER2– advanced breast cancer in postmenopausal women was endocrine therapy (ET) either with tamoxifen, aromatase inhibitors (AIs; anastrozole, exemestane, or letrozole) or fulvestrant (combined with ovarian suppression in premenopausal women) [2]. The FALCON study demonstrated a progression-free survival (PFS) advantage—but not an overall survival (OS) advantage—for fulvestrant 500 mg versus anastrozole 1 mg in the first-line setting among patients with bone-only metastatic disease [3]. Combination treatment with fulvestrant and anastrozole achieved improved OS compared with anastrozole alone in a SWOG Cancer Research Network trial [4]. Furthermore, in the second-line metastatic setting, BOLERO 2 demonstrated a PFS advantage (but not an OS advantage) of adding the mTOR inhibitor everolimus to exemestane over exemestane alone [5].



Breast cancer is a heterogeneous disease, even within the various subtypes. In the last 10–15 years, the focus has been on developing biologically-directed therapies [2]. These include cyclin-dependent kinase 4 and 6 inhibitors (CDK4/6i), which emerged onto the Canadian breast cancer treatment landscape in 2016 with the approval of palbociclib for the first-line treatment of HR+/HER2– metastatic breast cancer in postmenopausal women [6], followed by ribociclib in 2018 [7] and abemaciclib in 2019 [8]. In 2020, ribociclib was also approved for first-line treatment of HR+/HER2– metastatic breast cancer in premenopausal women [9].



Since then, there has been a rapidly-expanding evidence base in HR+/HER2– breast cancer, including PFS and OS results and analyses of efficacy in specific patient populations, like those with early relapse or visceral metastases. Given the amount of evidence, distilling the data and the impact on practice pathways can be daunting.



Thus, the objective of this review is to provide oncologists with an expert opinion review of the existing evidence in HR+/HER2– metastatic breast cancer in the first-line treatment setting. We will also share some insights into our own practices and provide best practice recommendations where applicable.




2. Methods


We recognized that there is a need for a Canadian expert review paper in this area, as many medical oncologists who manage multiple tumor types often have questions about how to apply the clinical trial evidence to practice.



Thus, we gathered to discuss the topic and to review and agree on key questions being asked by medical oncologists. Thereafter, we searched and reviewed the relevant literature. The manuscript is structured using the clinical questions as subheadings. All authors contributed to and reviewed this manuscript.



As a guiding principle, we agreed that evidence from randomized controlled trials (RCT)—level 1 evidence—should guide treatment decisions and was prioritized in this expert review. Real-world evidence (RWE) can provide insights into sequencing decisions and safety and survival outcomes in populations who may not be represented in RCTs but are not designed to replace an RCT.




3. Results


3.1. Preferred Therapy for HR+/HER2– Advanced Breast Cancer


3.1.1. What Is the Preferred Treatment Combination in the First-Line HR+/HER2– Metastatic Setting?


Ribociclib + AI is the preferred treatment for patients with HR+/HER2– advanced breast cancer who have been either diagnosed de novo in the advanced setting or who have relapsed with the advanced disease more than 12 months after completing adjuvant ET for earlier stage disease (either tamoxifen or AI). While the general standard of care is the use of any CDK4/6i in combination with AI based on similar positive PFS in RCTs, only ribociclib has demonstrated OS benefit in the first-line setting to date.



The CDK4/6i were studied in combination with an AI for first-line use in HR+/HER2– patients with postmenopausal advanced breast cancer in PALOMA-2 (palbociclib + letrozole) [10,11], MONALEESA-2 (ribociclib + letrozole) [12], and MONARCH-3 (abemaciclib + nonsteroidal AI) [13]. Significant benefits in PFS—the primary endpoints—were demonstrated across all three trials. However, a significant OS benefit has only been demonstrated in MONALEESA-2, with a median OS of 63.9 months with ribociclib + letrozole versus 51.4 months with letrozole alone (hazard ratio (HR), 0.76; 95% confidence interval (CI), 0.63 to 0.93; p = 0.008) [14]. No OS benefit was demonstrated with palbociclib + letrozole compared to letrozole alone in PALOMA-2 (53.9 months vs. 51.2 months; HR, 0.956; 95% CI, 0.777 to 1.177; p = 0.3378) [15]. MONARCH-3 OS data are not yet mature, although an interim analysis suggested a trend of longer median OS with abemaciclib + nonsteroidal AI versus nonsteroidal AI alone (67.1 months vs. 54.5 months) [16]. Outcomes from these trials are summarized with the full PFS and OS curves (where available) in Figure 1.



In the premenopausal HR+/HER2– advanced breast cancer population, ribociclib + ET (in addition to ovarian ablation/suppression) is also preferred. Ribociclib + ET was studied in an exclusively pre/perimenopausal first-line trial (MONALEESA-7), demonstrating significantly longer PFS and OS compared to AI alone (outcomes also summarized in Figure 1) [17,18]. In contrast, as shown in Figure 2, abemaciclib and palbociclib pre/perimenopausal data come from subgroup analyses of the second-line MONARCH-2 and PALOMA-3 trials, with 17% and 21% of patients being pre/perimenopausal, respectively [19,20,21,22].



Initially, it was thought that efficacy results for CDK4/6i were generalizable (i.e., demonstrated a “class effect”) based on similar primary (PFS) outcomes. However, now that OS results are available, it is prudent to use agents that show a consistent survival advantage. A logical question emerges: why do these differences in OS exist? Notably, the median OS in the control arms of MONALEESA-2 and PALOMA-2 were 51.4 months and 51.2 months, respectively, suggesting these trial populations were similar, yet the median OS in the treatment arms were strikingly different (63.9 months and 53.9 months, respectively) [14,15]. Although trial differences (e.g., data loss in PALOMA-2 OS analysis, different rules for stopping due to toxicity) may have played some role, differences may also relate to the characteristics of each CDK4/6i. In terms of pharmacokinetics, the amount of free (unbound) drug available to penetrate tumors when given at the recommended starting dose is >22× higher with ribociclib compared to palbociclib in in vitro studies [23]. Abemaciclib and ribociclib are more active against CDK4 than CDK6, while palbociclib inhibits CDK4 and 6 equally [24,25]. This is relevant given that breast cancer cell lines have been associated with CDK4 gene dependency, while hematologic cell lines (i.e., that may be associated with neutropenia or other cell count abnormalities) were associated with CDK6 gene dependency [26]. Abemaciclib is the most potent CDK4/6i having the lowest IC50 (the concentration at which 50% of the enzyme is inhibited), and it also has more off-target inhibition, including CDK1 and CDK9 [27,28]. These features may play a role in the different adverse event profiles (i.e., more GI toxicity) seen with abemaciclib and may also explain why abemaciclib is the only CDK4/6 with single-agent activity and continuous dosing [29].



Our preferred treatment is in accordance with current guideline recommendations from the National Comprehensive Cancer Network® (NCCN®), European Society for Medical Oncology (ESMO), and the 5th European School of Oncology (ESO)-ESMO international consensus guidelines for advanced breast cancer (ABC 5): CDK4/6i + AI or CDK4/6i + fulvestrant are preferred first-line therapies. Recommendations are summarized in Table 1. Given the absence of any head-to-head studies, all CDK4/6i are listed as preferred regimens. However, ribociclib + AI has a category 1 recommendation in the NCCN guidelines due to OS results, while abemaciclib + AI and palbociclib + AI are category 2A. In combination with fulvestrant, both ribociclib and abemaciclib have category 1 recommendations for first-line use, while palbociclib + fulvestrant is category 2A. Similarly, ribociclib + letrozole, ribociclib + fulvestrant, and abemaciclib + fulvestrant have ESMO clinical benefit scale (ESMO-MCBS) scores of 4 for first-line use in postmenopausal patients, while palbociclib + letrozole has a score of 3. Palbociclib + fulvestrant has a score of 4 for second-line use. In premenopausal patients, ribociclib + ET has an ESMO-MCBS score of 5 for first-line use, while no other CDK4/6i has a score assigned, given the absence of a dedicated trial [30,31,32,33].




3.1.2. What If the Patient Relapsed on or within 12 Months after Completion of Adjuvant AI?


For patients progressing on or shortly after completion (≤12 months) of adjuvant AI (“early” relapse), our preference is to use ribociclib + fulvestrant or abemaciclib + fulvestrant.



Such patients may have more aggressive disease and/or some degree of endocrine resistance and a higher likelihood of having ESR1 mutations, where estrogen receptor dysregulation may be more effective [34,35]. Thus, we prefer to switch to fulvestrant in combination with ribociclib or abemaciclib. The benefits of CDK4/6 inhibition in this setting have been dramatic.



CDK4/6i were studied in combination with fulvestrant in the MONALEESA-3 trial (ribociclib) [36], MONARCH-2 (abemaciclib) [19], and PALOMA-3 (palbociclib) [21]. Each trial included patients who progressed while on or within 12 months of completion of (neo)adjuvant ET (early relapse) and patients who progressed while receiving first-line ET for advanced breast cancer; additional patient populations included are shown in Figure 2. While no trial explicitly analyzed the subgroup of early relapse, the overall population and available subgroup analyses can inform treatment decisions in the early relapse population. Notably, MONALEESA-3 is the only one of the CDK4/6i + fulvestrant trials which included a population of patients with advanced breast cancer in the first line of treatment. Trial populations and outcomes are summarized in Figure 2.



In the overall population of MONALEESA-3, PFS and OS were significantly improved with ribociclib + fulvestrant versus fulvestrant alone (PFS: 20.5 months vs. 12.8 months; HR, 0.59; 95% CI, 0.48 to 0.73; p < 0.001; OS: not reached vs. 40.0 months; HR, 0.72; 95% CI, 0.57 to 0.92; p = 0.00455). These results were consistent in the early relapse + second line subgroup analysis (PFS: 0.565, 95% CI, 0.438 to 0.744; OS: 40.2 months vs. 32.5 months; HR, 0.73; 95% CI, 0.53 to 1.00). Data on early relapse patients alone are not available [36,37].



In the overall population of MONARCH-2, PFS and OS were significantly improved with abemaciclib + fulvestrant vs. fulvestrant alone (PFS: 16.4 months vs. 9.3 months; HR, 0.55; 95% CI, 0.45 to 0.68; p < 0.001; OS: 46.7 months vs. 37.3 months; HR, 0.757; 95% CI, 0.606 to 0.945; p = 0.01). Improvement was consistent in patients with primary ET resistance (i.e., relapsed during the first 2 years of [neo]adjuvant ET or progressed within the first 6 months of first-line ET for advanced breast cancer; PFS: HR, 0.454; 95% CI, 0.306 to 0.674; OS: 0.686; 95% CI, 0.451 to 1.043). However, these results were not stratified by whether the ET resistance was in the (neo)adjuvant (i.e., early relapse) or metastatic setting [19,20].



PALOMA-3 enrolled patients with advanced breast cancer who had disease progression after previous ET in the (neo)adjuvant or metastatic setting, including those who had received prior chemotherapy. Although the endpoint for PFS was met (9.5 months vs. 4.6 months; HR, 0.46; 95% CI, 0.36 to 0.59; p < 0.0001) [21], there was no statistically significant difference in OS with palbociclib + fulvestrant vs. fulvestrant alone (34.9 months vs. 28.0 months; HR, 0.81; 95% CI, 0.64 to 1.03; p = 0.09) [22]. Subgroup analyses are, therefore, not definitive but rather only hypothesis-generating.



In our practice, if the patient is experiencing early relapse but has only one or two metastatic sites restricted to the bone, ribociclib or abemaciclib may be combined with a different AI rather than fulvestrant. This is based on potential pragmatic drivers, such as preference for oral administration over intramuscular injection and potential funding implications of switching to fulvestrant in combination with CDK4/6i.




3.1.3. In Which Situations Should an Alternative to Preferred Therapy Be Used?


In some situations, alternatives to ribociclib + AI may be appropriate. Patients should be prescribed a CDK4/6i other than ribociclib if electrocardiogram (ECG) access is difficult, if patient compliance with ECG monitoring is problematic, or if concomitant medications that may also prolong QTc intervals cannot be changed. In such cases, abemaciclib would be preferred as it demonstrated a strong trend of prolonged OS at an interim MONARCH-3 analysis. Where access to abemaciclib is not possible or its potential toxicity unacceptable, palbociclib would be a reasonable choice given its PFS benefit in the absence of demonstrated OS.



In some cases, patients may not be suited for treatment with a CDK4/6i + AI. Medications that significantly affect CYP3A4 metabolism may be problematic, and medication review by oncology pharmacists should be considered prior to initiation. Furthermore, patients who cannot or choose not to adhere to monitoring requirements for CDK4/6i use (e.g., due to geography or temperament) may be better suited for et al. one [38,39], particularly with fulvestrant if they have bone-only disease [3,40]. However, because the long-term benefits of CDK4/6i are dramatic, we recommend offering the preferred therapy with the appropriate safeguards.



In addition to the above situations, the contraindications, as noted in the respective product monographs, are to be observed. Abemaciclib, palbociclib, and ribociclib all cite hypersensitivity to the drug or any ingredient in the formulation as a contraindication [41,42,43]. Ribociclib also cites untreated congenital long QT syndrome, a QTcF interval of ≥450 msec at baseline, and those who are at significant risk of developing QTc prolongation as contraindications [43].




3.1.4. What Phenotyping or Mutational Testing Should Be Undertaken at the Time of Progression?


Where feasible, we recommend obtaining a biopsy at the time of diagnosis of metastatic disease to reassess the phenotype (ER, PR, and HER2). We recommend that HER2 status be quantified by immunohistochemistry (IHC) and not simply reported qualitatively as amplified or not amplified.



In the case of patients who relapse early, ESR1 mutational analysis of the metastatic site may be warranted, particularly if an AI backbone is being considered. The SoFEA and EFECT trials investigated the second-line use of fulvestrant versus exemestane in patients with advanced HR+ breast cancer who had previously progressed on a nonsteroidal AI. A combined analysis demonstrated that, at baseline, 30% of patients were positive for ESR1 mutations, which were associated with shorter PFS. However, among patients with an ESR1 mutation, significantly longer PFS was observed with fulvestrant compared to exemestane (3.9 months vs. 2.4 months; HR, 0.59; 95% CI, 0.39 to 0.89; p = 0.01) [35].



Monitoring ESR1 mutations is important because early targeting with a switch from AI backbone to fulvestrant can result in clinical benefit. In the open-label PADA-1 phase 3 trial, patients with HR+/HER2– breast cancer receiving palbociclib7 + AI were monitored for rising levels of ESR1 mutations using circulating tumor DNA (ctDNA) and were randomized to either continue with their current treatment or switch to palbociclib (same dose) + fulvestrant. Median PFS was significantly longer in patients who switched to palbociclib7 + fulvestrant compared to those who stayed on their original therapy (11.9 months vs. 2.7 months; HR, 0.61; 95% CI, 0.43 to 0.86; p = 0.0040) [44]. However, this does not necessarily suggest that ctDNA assessment should currently become routine clinical practice. Of note, in the United States, elacestrant has been approved for use in ESR1 mutation–positive HR+/HER2– advanced or metastatic breast cancer with disease progression following at least one line of ET, with NCCN guidelines recommending one line of prior therapy containing a CDK4/6i [33].



PIK3CA mutational analysis may also be warranted, either from a progressive metastatic site or archival tissue (since it does not usually change with disease progression), to guide future consideration of the option of fulvestrant with alpelisib [31] or clinical trials of newer targeted agents, such as AKT inhibitors [45].



High microsatellite instability (MSI) is rare in ER+ metastatic breast cancer, and the role of MSI and tumor mutational burden (TMB) in guiding the use of immunotherapy remains unclear. Other alterations (such as ERBB2, AKT1, MYC, CCND1) may indicate a worse prognosis, though guidelines do not recommend routine testing since their presence would not currently change treatment [46]. We do not routinely test for these alterations in our practice. Wherever possible, interested and eligible patients should be considered for applicable clinical trials.



Though a discussion of second-line treatment is beyond the scope of this article, it is noteworthy that there is a rapidly evolving field of research quantifying HER2 expression, including HER2-low and HER2-ultralow. This may affect the planning of post-CDK4/6i treatment options for patients classified as HER2-low, given the efficacy of trastuzumab deruxtecan in this population.



A proposed flow chart for mutational testing is outlined in Figure 3.




3.1.5. What Are Best Practices for Monitoring Patients on CDK4/6i?


We recommend a standard monitoring approach based on product monographs to help manage adverse reactions associated with CDK4/6i, using temporary treatment interruptions and/or dose reductions as needed. The most common adverse reactions associated with CDK4/6i (≥20% with any CDK4/6i in first-line trials in combination with a nonsteroidal AI and greater than placebo) are shown in Figure 4, and notably include blood cell count abnormalities (i.e., neutropenia, leukopenia, anemia), abnormal liver functions tests, and diarrhea. QTc prolongation has also been reported with ribociclib. As such, monitoring complete blood count, ECG, liver function, and diarrhea is important. Each CDK4/6i product monograph includes specific guidance on monitoring (Table 2). For example, palbociclib only includes dose adjustment recommendations for hematologic toxicities (i.e., neutropenia) and nonhematologic toxicities in general; in contrast, abemaciclib and ribociclib include specific dose modification recommendations for hematologic toxicities, liver toxicity, and interstitial lung disease (ILD)/pneumonitis, among others (described in Table S1) [41,42,43]. We suggest a simplified approach to monitoring, described below and summarized in Figure 5.



	
Complete Blood Count






Complete blood counts should be performed prior to initiating CDK4/6i therapy, every two weeks for the first two cycles, at the beginning of the next two to four cycles, and as clinically indicated thereafter (e.g., after re-initiation of therapy upon resolution of neutropenia). If absolute neutrophil count (ANC) is below 1000/mm3 (Grade 3 neutropenia [47]) interrupt therapy until levels are recovered to 1000/mm3 and start the next cycle at the same dose. If levels drop below 1000/mm3 again or below 500/mm3 at any time, withhold therapy until levels are recovered to 1000/mm3 and resume at the next lower dose. Many experienced clinicians may opt to continue CDK4/6i therapy even if the ANC is slightly lower than 1000/mm3. Adjusting cycle intervals is also an option for some patients.



Febrile neutropenia, defined as Grade 3 neutropenia with a single episode of fever >38.3 °C or a sustained temperature above 38 °C for more than one hour [47] has been reported in 1–3% of patients on CDK4/6i [41,42,43]. In such cases, the medication should be stopped, and the patient evaluated for signs and symptoms of infection. Patients should be instructed to promptly report any fever to their cancer center.



	
Electrocardiogram






Cardio-oncology is a relatively new discipline. According to the European Society of Cardiology, “the overarching goal of the cardio-oncology discipline is to allow patients with cancer to receive the best possible cancer treatments safely, minimizing cancer treatment-related cardiovascular toxicities (CTR-CVT)” [48]. Many Canadian cancer centers have integrated the services of a cardio-oncology team into their cancer clinics.



Per the product monographs, ribociclib requires ECG monitoring. Discontinuations due to QTcF prolongation occurred in 0.6% of patients receiving ribociclib + fulvestrant as noted in MONALEESA-3 study [36]. No specific rate of discontinuation was reported in other trials, but in MONALEESA-2, 11 patients (3.3%) in the ribociclib group had at least one average QTcF interval longer than 480 msec after baseline—including 1 patient with baseline cardiac abnormalities and 6 with an increase greater than 60 msec from baseline. Most were able to continue treatment (600 mg ribociclib) without interruption [12]. Across phase 3 trials, 1.4% of patients receiving ribociclib had dose interruption, reduction, or discontinuation [49].



Experts in the field often take a similar approach across all CDK4/6i. Based on guidance for ribociclib, complete a baseline ECG prior to initiating therapy (QTcF should be <450 ms), at Day 14 of cycle one, and at the beginning of the second cycle, and then at the discretion of the clinician on or around Day 14 of the cycle. Serum electrolytes should similarly be assessed prior to initiating therapy and at regular intervals throughout treatment, correcting abnormalities before initiation or continuation. Review of all concomitant medications should also be standardized to ensure no concern for risk of QTc prolongation [42].



In the case of a QTcF above 480 ms or recurrent QTcF greater than or equal to 481 ms (including events >500 ms), interrupt dosing until prolongation resolves to less than 481 ms, and then reinitiate therapy at the next lower dose. In the event of Torsade de Pointes, polymorphic ventricular tachycardia, unexplained syncope, or signs/symptoms of serious arrhythmia, permanently discontinue therapy.



More frequent monitoring is recommended in patients with underlying risk factors for Torsade de Pointes, receiving concomitant drugs that prolong the QTc interval, or if QTc prolongation is detected during ribociclib treatment [43].



	
Liver Function Tests






Like the complete blood count, liver function testing—including alanine transaminase (ALT), aspartate transaminase (AST), and bilirubin levels—should be performed prior to initiating therapy, every two weeks for the first two cycles, at the beginning of the next two to four cycles, and as clinically indicated thereafter. If AST and/or ALT levels are recurrently/persistently >3–5× the upper limit of normal (ULN) or >5–20× ULN at any time, in the absence of bilirubin increases above 2× ULN, withhold therapy until levels recover to ≤3× ULN and resume at the next lower dose. If AST and/or ALT is above 20× the ULN or bilirubin is >2× ULN in the absence of cholestasis, discontinue treatment. Monitoring recommendations are based on the abemaciclib and ribociclib product monographs.



	
Diarrhea






Start antidiarrheal treatment (e.g., loperamide and increase oral fluid intake) at first sign of diarrhea. If an increase of 4–6 stools/day over baseline does not resolve to fewer than 4 stools/day over baseline within 24 h, suspend treatment until resolution then resume without dose reduction. If toxicity persists after resuming therapy and with maximal supportive measures, if there is an increase of ≥7 stools/day over baseline, or in cases of hospitalization or life-threatening consequences, hold dose until toxicity resolves and resume at the next lower dose. Monitoring recommendations are based on the abemaciclib product monograph [41,47]. In real-world settings, patients may not accept chronic grade 1 diarrhea and dose reduction may also be appropriate [41]. Thankfully, tachyphylaxis often develops over the first 2–3 weeks.



	
Other






Interstitial lung disease (ILD)/pneumonitis has occurred and patients on CDK4/6i should be monitored for indicative pulmonary symptoms, such as hypoxia, cough, and dyspnea. For symptomatic ILD/pneumonitis (Grade 2), interrupt therapy until asymptomatic and resume at the next lower dose. In the event of severe ILD/pneumonitis, discontinue the CDK4/6i. Monitoring recommendations are based on the ribociclib product monograph. Recommendations are consistent in the abemaciclib product monograph with the caveat that dose interruption/modification is only required for Grade 2 toxicity if persistent or recurrent that does not resolve with maximal supportive measures within 7 days.



Patients at risk of thromboembolic events should be closely monitored during therapy. In the case of Grade 3 or 4 thromboembolic events, suspend dosing and treat appropriately, resuming CDK4/6i once the patient is clinically stable. Monitoring recommendations are based on the abemaciclib product monograph.



It may also be prudent to monitor for mouth soreness/stomatitis, which may be a sign of infection. For other toxicities in general, Grades 1 and 2 do not require dose adjustment. For Grade 3 or 4 toxicities with abemaciclib or palbociclib, withhold therapy until resolved then resume at the next lower dose. For Grade 3 toxicities with ribociclib, suspend dose until toxicity resolves and resume at same dose (initial case) or next lower dose (recurrent); for Grade 4 toxicities, discontinue ribociclib.



Monitoring circulating tumor DNA (ctDNA) has been shown to detect disease progression well in advance of radiological assessment in both patients responding and not responding to CDK4/6i [50]. Thus far, there is no evidence that early change in therapy would result in improved long-term outcomes. Currently, there is no public funding for such assessments.





3.2. Special Populations


3.2.1. What about Preferred Treatments for ‘Fit’ Elderly Patients?


In our practices, age is not a deciding factor in selecting first-line treatment in HR+/HER2– advanced breast cancer. Assessing fitness (or frailty) is more important than age. An elderly person with Eastern Cooperative Oncology Group Performance Status (ECOG PS) of 0–1 who is “fit” should be prescribed the standard of care treatment of CDK4/6i + AI. In most cases, ribociclib in combination with AI remains the preferred CDK4/6 agent based on the totality of the evidence (PFS, OS, and quality of life [QoL]). The caveat to this approach might be the patient with limited life expectancy where single-agent ET might be preferred.



Some tools used to assess frailty include Cancer and Aging Research Group (CARG) score (validated for prediction of chemotherapy toxicity) [51], Vulnerable Elders Survey (VES-13) [52], comprehensive geriatric assessment (CGA) [53], Geriatric-8 [54], Groningen frailty score [55], and Clinical Frailty Scale [56] (see Table 3), but none have been validated as predictive of toxicity or outcomes for CDK4/6i.



On occasion, the decision may be made to start unfit patients on a lower initial dose of a CDK4/6i. Such a decision may be based on experience or a “gut feeling” (i.e., the art of medicine), rather than on specific evidence. This is a reasonable approach for such patients but should not be adopted as standard practice for elderly patients. Furthermore, increasing to the standard dose should be attempted.



The AMALEE trial demonstrated that a reduced starting dose of ribociclib (400 mg per day orally for 3 weeks with 1 week off) was not noninferior to the usual dose (600 mg per day orally for 3 weeks with 1 week off) though it was associated with less change in QTcF from baseline [58].



A pooled analysis of PALOMA phase 2 and 3 studies evaluated the hematologic adverse events following palbociclib dose reduction from 125 mg to 100 mg (per day orally for 3 weeks on, 1 week off). The lower dose reduced the frequency and severity of hematologic adverse events. Most dose reductions occurred within the first 3 months of palbociclib treatment. This analysis did not evaluate efficacy [59].



A retrospective, single-center, chart review evaluated the effect of reduced dose intensity in the first 12 weeks of palbociclib treatment. Patients with low dose intensity (defined as taking <80% of the prescribed doses) experienced a significantly shorter PFS at 12 weeks than patients with high dose intensity (defined as taking >80% of the prescribed doses). At 36 weeks there was a similar trend, though not statistically significant [60].



For many targeted therapies in oncology, dose reductions for toxicity have not been found to compromise efficacy. However, that does not imply that expected benefits would be observed if starting all patients a priori on lower doses. Toxicity may be a marker of pharmacokinetics. In our practice, we strive to initiate all patients on the recommended dose; but on occasion we may start a patient on lower doses for reasons of tolerability and then try to work up to standard doses thereafter.




3.2.2. What about Preferred Treatments for Patients with Visceral Disease?


Historically, there was a perception that chemotherapy was necessary in patients with HR+/HER2– advanced cancer with visceral disease. However, the best treatment for endocrine-sensitive disease is ET with or without CDK4/6i, not chemotherapy [30]. The populations of all the first-line landmark trials included ~50% patients with visceral disease and all demonstrated a significant improvement in PFS in this population (Table 4). Furthermore, a network meta-analysis compared the HRs for PFS of CDK4/6i + ET, ET alone, and chemotherapy. No chemotherapy regimen—with or without targeted therapy—was significantly better than CDK4/6 inhibitors + ET in terms of PFS [61].



Rarely, a patient may have visceral crisis, defined as severe organ dysfunction and rapid progression of disease with impending organ failure [30]. Such cases are rare and warrant the most rapidly efficacious therapy [30]. Given recent evidence with CDK4/6i in aggressive advanced disease, it is unclear that chemotherapy would be better than ET + CDK4/6i; though if chemotherapy is used, doublets should be considered.



The RIGHT Choice trial compared ribociclib + AI to investigator’s choice doublet chemotherapy (docetaxel + capecitabine; paclitaxel + gemcitabine; or capecitabine + vinorelbine) in pre/perimenopausal women with aggressive HR+/HER2– advanced breast cancer [62]. Approximately 60% of enrolled patients were first diagnosed in the advanced setting (i.e., de novo disease), ~60% of patients had symptomatic visceral metastases, and about half of patients had visceral crisis at baseline. First-line ribociclib + AI achieved a statistically significant PFS benefit of ~1 year over combination chemotherapy in this patient population with aggressive disease (median PFS of 24 months vs. 12.3 months; HR, 0.54; 95% CI, 0.36 to 0.79). Ribociclib + AI had a similar objective response rate (ORR) and time to response (TTR) compared to doublet chemotherapy. This trial may not be reflective of Canadian practice due to the choice of doublets in the comparison arm.



Earlier in this review, we discussed how CDK4/6i + fulvestrant is the preferred treatment for early relapse—patients who experience relapse with advanced disease on or less than 1 year after completion of adjuvant ET. Some clinicians may opt to treat early relapse with chemotherapy for 1–2 cycles to achieve a rapid response before starting fulvestrant and CDK4/6i therapy. There is no specific evidence to support this practice and none of the first-line postmenopausal landmark CDK4/6i trials allowed for such an algorithm, though the RIGHT Choice trial may provide some insight into this practice. MONALEESA-7 in pre/perimenopausal women did, however, allow one cycle of chemotherapy in the advanced setting.




3.2.3. What about Practical Considerations for Other Special Populations, like Those with Brain Metastases or Those with Oligometastatic Disease?


Breast cancer with central nervous system (CNS) metastases has a poor prognosis. Pre-clinical studies indicate that CDK4/6i may have activity in the CNS [63,64]. The Canadian abemaciclib product monograph states that “concentrations of abemaciclib and its active metabolites in cerebrospinal fluid are comparable to unbound plasma concentration” [42], suggesting that it does cross the blood brain barrier [65]. However, the first-line trials discussed previously either did not enroll patients with brain tumors or enrolled too few to draw any conclusions on clinical efficacy of CDK4/6i in patients with brain metastases. A nonrandomized phase II trial (NCT02308020) of abemaciclib investigated intracranial objective response rate (iORR) in subtype-specific cohorts. In a cohort of patients with brain metastases secondary to HR+/HER2– breast cancer (n = 58), the primary endpoint was not met (iORR of 5.2%; 95% CI, 0.0 to 10.9) [66]. The intracranial clinical benefit rate was 24% (95% CI, 13.1 to 35.2) and median OS was 12.5 months (95% CI, 9.3 to 16.4). A volumetric decrease in target intracranial lesions was experienced by 38% of patients. Prospective trials are ongoing to investigate the efficacy in brain metastases of abemaciclib (NCT02308020), palbociclib (NCT02896335 and NCT04334330), and abemaciclib plus stereotactic radiosurgery (SRS) vs. palbociclib plus SRS vs. ribociclib plus SRS (NCT04585724).



There is a subset of patients with metastatic breast cancer who present with limited disease, termed ‘oligometastatic’ breast cancer [67]. Oligometastatic breast cancer is defined as metastatic disease with limited spread and thus it may be possible to achieve longer survival in this select patient population [67]. Local techniques of surgery and radiotherapy (RT) are often employed with oligometastatic disease [67], though further discussion of these treatments is beyond the scope of this paper. Combining systemic therapies, such as CDK4/6i, with RT for oligometastatic disease is an area of interest for many researchers. CDK4/6i can contribute to repair of DNA double-strand breaks and as such may enhance the effect of RT [67]. A small number of preliminary studies suggest that the combination of CDK4/6i and RT is safe, especially for bone metastases, with comparable hematologic toxicity [67]. Additional studies with larger populations and longer follow-up will be needed before the significance for clinical practice is known.





3.3. Patient Considerations


What Is Important to Patients When Considering Treatment Options?


We know from our patients with metastatic breast cancer that they want to live longer, and they want that longer life to be of good quality [68]. Thus, we strongly recommend that clinicians inform patients of the overall survival evidence supporting the various agents so that they can make an informed decision about their treatment.



According to the Canadian Breast Cancer Network (CBCN) survey results (see Figure 6), OS, PFS, and QoL are the most important factors for patients [68]. QoL assessments have been performed as part of some of the pivotal clinical trials. However, incorporating QoL assessments into clinical decision-making is difficult due to variability in data collection and rating scales used among the trials and the subjectivity of these assessments. Our perspective on QoL data is that evidence should demonstrate that the medication does not have a negative impact. In other words: if a medication is safe, has shown benefit with respect to overall survival, and shows no detriment to QoL, it is a reasonable choice.





3.4. The Breast Cancer Team


Which Allied Health Care Partners Can Play a Role in the Care of Patients with Advanced Breast Cancer?


HR+/HER2– advanced breast cancer can be treated by medical oncologists without a multidisciplinary team. That said, allied health care partners are of great assistance and can be leveraged where possible.



	
Pharmacy






Pharmacists are important members of the oncology team who help ensure safe and appropriate drug use. They can have active roles in side effect monitoring and treatment, dose modifications, patient education, and reimbursement navigation. Adherence is critical for optimal breast cancer treatment outcomes, and pharmacists can be instrumental in facilitating adherence in collaboration with the patient and caregiver. Ideally, pharmacists with knowledge and experience in oncology should be involved.



Pharmacists are well-placed to provide recommendations on drug interactions. They evaluate the potential for interactions between prescribed medications and other supportive care medications and foods. They can provide patient guidance for mitigation of clinically significant drug interactions and collaborate with prescribers to discuss interaction management strategies when necessary [69].



Consider discussing the clinical verification of prescriptions with community and hospital pharmacists and as needed, suggesting the use of appropriate tools. For example, Cancer Care Ontario has developed a checklist to define quality in cancer prescription dispensing in pharmacies. This includes validating basic patient details, checking for previous adverse effects, identifying barriers to adherence, ensuring that the dose and regimen are correct—considering any necessary dose modifications or drug-drug interactions—and, that the patient is receiving appropriate supportive care, education, and monitoring. The complete tool is shown in Figure 7.



	
Nursing






Oncology nurses, “pivot” nurses, or nurse practitioners can be of great assistance to coordinate laboratory and ECG monitoring, to inquire about side effects, and to assist patients in understanding the dosing schedules of their oral medication. They offer unique skill sets with respect to symptom management, emotional support, and coordination of other ancillary and supportive therapies.



	
General practice






In some cases, the medical oncologist may wish to enlist the help of the general practitioner who often has a long-term relationship with the patient and may be in a unique position to provide reassurance, counseling support, advance directive planning, and assistance in symptom management and palliation.



	
Mental health






Patients with breast cancer may face mental health challenges as they adjust to their illness or treatment, including grief, depression, and anxiety. Patients should be routinely screened for distress using a simple tool or questionnaire. Patients experiencing distress should be offered psychological intervention by qualified individuals, such as coping skills and communication training, support groups, individual counseling, and family/caregiver counseling. Patients with signs of anxiety or depression should be referred to a psychiatrist, psychologist or other psychosocial specialist [33,70].



Complementary therapies, such as mediation, mindfulness, relaxation, and creative therapies (e.g., music, art) are recommended for patients experiencing distress; and exercise has also been shown to have positive effects on physical health. Practical problems, such as financial or career concerns can be managed with the assistance from social work services.



An illustration of how the multidisciplinary team functions in managing the care of the patient with advanced breast cancer is seen in Figure 8. This will differ by center depending on the available resources.






4. Practical Application and Future Directions


Based on the evidence of current randomized phase III trials and our expert opinion in applying that evidence to practice, we have summarized the standard of care and preferred treatments for HR+/HER2– advanced breast cancer for patients relapsing more than and less than 12 months after completion of adjuvant ET, for patients with visceral metastases, and for frail patients. A summary of our recommendations can be found in Figure 9.



With regards to future directions, further understanding of biomarkers and gene signatures is essential to better understand tumour biology and individualize therapy for patients. Additionally, oral selective estrogen receptor degraders (SERDs) are soon to become available in Canada and will find their place in the treatment of HR+/HER2– advanced breast cancer. Our focus in this article is first line treatment of HR+/HER2– in the advanced setting with current available data. However, there are many clinical trials of interest investigating how to treat progression on first line treatments (MAINTAIN NCT02632045, PACE NCT03147287 and postMONARCH NCT05169567). Additionally, the use of antibody conjugates, such as trastuzumab deruxtecan, is of great interest in breast cancer in the HER2 positive, as well as HER2-low and HER2-ultralow metastatic breast cancer populations.




5. Conclusions


Research in breast cancer has led to remarkable progress in the understanding and management of metastatic breast cancer. With new treatments and a wealth of clinical trial data, clinicians treating patients with advanced HR+/HER2– breast cancer must discuss such evidence with their patients and apply evidence to practice.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/1718-7729/30/6/411/s1, Table S1. Dose Modification for Specific Adverse Reactions Listed in at Least One CDK4/6i Product Monograph.





Author Contributions


Conceptualization, K.J.J., N.B., C.B.-M., S.E., K.G., J.-W.H., J.F.H. and S.S.; Writing—original draft, K.J.J. and S.S.; Writing—review and editing, K.J.J., N.B., C.B.-M., S.E., K.G., J.-W.H., J.F.H. and S.S.; Development of figures, K.J.J., S.S. and C.B.-M.; Supervision, K.J.J. and S.S. All authors have read and agreed to the published version of the manuscript.




Funding


Financial support for research of this article was provided in the form of an unrestricted educational grant from Novartis Pharmaceuticals Canada Inc. to liV Agency Inc.




Acknowledgments


We would like to thank Novartis Pharmaceuticals Canada Inc. for supporting the development of this manuscript through an unrestricted educational grant to liV Agency Inc. We thank liV Agency Inc. for logistical and organizational support and for medical writing support (Iris Boraschi, Janice Carr Meisner, Katherine Conti, David Haberl, Ian Hellstrom, Lisa Kellenberger).




Conflicts of Interest


K.J.J.: Advisory boards—Amgen, AstraZeneca, Apo Biologix, Eli Lilly, Esai, Genomic Health, Gilead Sciences, Knight Therapeutics, Merck, Myriad Genetics Inc, Pfizer, Roche, Seagen, Novartis, Viatris. Speaker honoraria—Amgen, AstraZeneca, Apo Biologix, Eli Lilly, Esai, Genomic Health, Gilead Sciences, Knight Therapeutics, Merck, Myriad Genetics Inc, Pfizer, Roche, Seagen, Novartis, Viatris. Grants/research support—AstraZeneca, Eli Lilly, Seagen; N.B.: Honoraria—Merck, Novartis, Astra Zeneca; C.B.-M.: Advisory boards/consultancy and speaker honoraria*—Astra Zeneca, Agendia, BMS, Knight, Merck, Lilly*, Novartis*, Pfizer*, Roche, Seagen, Taiho, Sanofi, Mylan, Gilead; S.E.: Apobiologix, Astellas, Astra Zeneca, Bayer, Eli Lilly, Gilead; K.G.: Advisory boards—Astra Zeneca, Merck, Gilead, Seagan, Pfizer, Novartis, Lilly; J.-W.H.: Advisory boards and speaker honoraria—Astra Zeneca, Novartis, Pfizer, Gilead, Eli Lilly, Seagen, Merck; J.F.H.: TBD; S.S.: Advisory board and speaker honoraria—Astra Zeneca, Novartis.




References


	



CCS. Breast Cancer Statistics. Available online: https://cancer.ca/en/cancer-information/cancer-types/breast/statistics (accessed on 1 May 2022).

	



Harbeck, N.; Penault-Llorca, F.; Cortes, J.; Gnant, M.; Houssami, N.; Poortmans, P.; Ruddy, K.; Tsang, J.; Cardoso, F. Breast Cancer. Nat. Rev. Dis. Prim. 2019, 5, 66. [Google Scholar] [CrossRef] [PubMed]

	



Robertson, J.F.R.; Bondarenko, I.M.; Trishkina, E.; Dvorkin, M.; Panasci, L.; Manikhas, A.; Shparyk, Y.; Cardona-Huerta, S.; Cheung, K.-L.; Philco-Salas, M.J.; et al. Fulvestrant 500 Mg versus Anastrozole 1 Mg for Hormone Receptor-Positive Advanced Breast Cancer (FALCON): An International, Randomised, Double-Blind, Phase 3 Trial. Lancet 2016, 388, 2997–3005. [Google Scholar] [CrossRef] [PubMed]

	



Mehta, R.S.; Barlow, W.E.; Albain, K.S.; Vandenberg, T.A.; Dakhil, S.R.; Tirumali, N.R.; Lew, D.L.; Hayes, D.F.; Gralow, J.R.; Linden, H.M.; et al. Overall Survival with Fulvestrant plus Anastrozole in Metastatic Breast Cancer. N. Eng. J. Med. 2019, 380, 1226–1234. [Google Scholar] [CrossRef] [PubMed]

	



Piccart, M.; Hortobagyi, G.N.; Campone, M.; Pritchard, K.I.; Lebrun, F.; Ito, Y.; Noguchi, S.; Perez, A.; Rugo, H.S.; Deleu, I.; et al. Everolimus plus Exemestane for Hormone-Receptor-Positive, Human Epidermal Growth Factor Receptor-2-Negative Advanced Breast Cancer: Overall Survival Results from BOLERO-2. Ann. Oncol. 2014, 25, 2357–2362. [Google Scholar] [CrossRef]

	



Health Canada Approves New First-Line Treatment for Women Living with Metastatic Breast Cancer. Available online: https://www.trioncology.org/news/health-canada-approves-new-first-line-treatment-women-living-metastatic-breast-cancer/ (accessed on 10 May 2022).

	



Health Canada Approves KISQALITM for the Treatment of HR-Positive and HER2-Negative Metastatic Breast Cancer in Postmenopausal Women in Combination with Letrozole as an Initial Endocrine-Based Therapy. Available online: https://www.newswire.ca/news-releases/health-canada-approves-kisqali-for-the-treatment-of-hr-positive-and-her2-negative-metastatic-breast-cancer-in-postmenopausal-women-in-combination-with-letrozole-as-an-initial-endocrine-based-therapy-681481661.html (accessed on 2 May 2018).

	



Health Canada Approves New Drug to Treat Metastatic Breast Cancer through International and Domestic Joint Reviews. Available online: https://www.canada.ca/en/health-canada/news/2019/04/health-canada-approves-new-drug-to-treat-metastatic-breast-cancer-through-international-and-domestic-joint-reviews.html (accessed on 9 April 2019).

	



Health Canada Approves an Extended Indication for KISQALI® (ribociclib) in Combination Treatment. Available online: https://www.newswire.ca/news-releases/health-canada-approves-an-extended-indication-for-kisqali-r-ribociclib-in-combination-treatment-812384479.html (accessed on 16 April 2020).

	



Finn, R.S.; Martin, M.; Rugo, H.S.; Jones, S.; Im, S.-A.; Gelmon, K.; Harbeck, N.; Lipatov, O.N.; Walshe, J.M.; Moulder, S.; et al. Palbociclib and Letrozole in Advanced Breast Cancer. N. Engl. J. Med. 2016, 375, 1925–1936. [Google Scholar] [CrossRef]

	



Rugo, H.S.; Finn, R.S.; Diéras, V.; Ettl, J.; Lipatov, O.; Joy, A.A.; Harbeck, N.; Castrellon, A.; Iyer, S.; Lu, D.R.; et al. Palbociclib plus Letrozole as First-Line Therapy in Estrogen Receptor-Positive/Human Epidermal Growth Factor Receptor 2-Negative Advanced Breast Cancer with Extended Follow-Up. Breast Cancer Res. Treat. 2019, 174, 719–729. [Google Scholar] [CrossRef]

	



Hortobagyi, G.N.; Stemmer, S.M.; Burris, H.A.; Yap, Y.-S.; Sonke, G.S.; Paluch-Shimon, S.; Campone, M.; Blackwell, K.L.; André, F.; Winer, E.P.; et al. Ribociclib as First-Line Therapy for HR-Positive, Advanced Breast Cancer. N. Eng. J. Med. 2016, 375, 1738–1748. [Google Scholar] [CrossRef] [PubMed]

	



Goetz, M.P.; Toi, M.; Campone, M.; Sohn, J.; Paluch-Shimon, S.; Huober, J.; Park, I.H.; Trédan, O.; Chen, S.-C.; Manso, L.; et al. MONARCH 3: Abemaciclib As Initial Therapy for Advanced Breast Cancer. J. Clin. Oncol. 2017, 35, 3638–3646. [Google Scholar] [CrossRef]

	



Hortobagyi, G.N.; Stemmer, S.M.; Burris, H.A.; Yap, Y.-S.; Sonke, G.S.; Hart, L.; Campone, M.; Petrakova, K.; Winer, E.P.; Janni, W.; et al. Overall Survival with Ribociclib plus Letrozole in Advanced Breast Cancer. N. Eng. J. Med. 2022, 386, 942–950. [Google Scholar] [CrossRef]

	



Finn, R.S.; Rugo, H.S.; Dieras, V.C.; Harbeck, N.; Im, S.-A.; Gelmon, K.A.; Walshe, J.M.; Martin, M.; Chavez Mac Gregor, M.; Bananis, E.; et al. Overall Survival (OS) with First-Line Palbociclib plus Letrozole (PAL+LET) versus Placebo plus Letrozole (PBO+LET) in Women with Estrogen Receptor–Positive/Human Epidermal Growth Factor Receptor 2–Negative Advanced Breast Cancer (ER+/HER2−ABC): Analyses. J. Clin. Oncol. 2022, 40 (Suppl. S17), LBA1003. [Google Scholar] [CrossRef]

	



Goetz, M.P.; Toi, M.; Huober, J.; Sohn, J.; Tredan, O.; Park, I.H.; Campone, M.; Chen, S.C.; Sanchez, L.M.M.; Paluch-Shimon, S.; et al. LBA15 MONARCH 3: Interim Overall Survival (OS) Results of Abemaciclib plus a Nonsteroidal Aromatase Inhibitor (NSAI) in Patients (Pts) with HR+, HER2- Advanced Breast Cancer (ABC). Ann. Oncol. 2022, 33, S1384. [Google Scholar] [CrossRef]

	



Tripathy, D.; Im, S.-A.; Colleoni, M.; Franke, F.; Bardia, A.; Harbeck, N.; Hurvitz, S.A.; Chow, L.; Sohn, J.; Lee, K.S.; et al. Ribociclib plus Endocrine Therapy for Premenopausal Women with Hormone-Receptor-Positive, Advanced Breast Cancer (MONALEESA-7): A Randomised Phase 3 Trial. Lancet Oncol. 2018, 19, 904–915. [Google Scholar] [CrossRef] [PubMed]

	



Im, S.-A.; Lu, Y.-S.; Bardia, A.; Harbeck, N.; Colleoni, M.; Franke, F.; Chow, L.; Sohn, J.; Lee, K.-S.; Campos-Gomez, S.; et al. Overall Survival with Ribociclib plus Endocrine Therapy in Breast Cancer. N. Eng. J. Med. 2019, 381, 307–316. [Google Scholar] [CrossRef]

	



Sledge, G.W.; Toi, M.; Neven, P.; Sohn, J.; Inoue, K.; Pivot, X.; Burdaeva, O.; Okera, M.; Masuda, N.; Kaufman, P.A.; et al. MONARCH 2: Abemaciclib in Combination with Fulvestrant in Women With HR+/HER2− Advanced Breast Cancer Who Had Progressed While Receiving Endocrine Therapy. J. Clin. Oncol. 2017, 35, 2875–2884. [Google Scholar] [CrossRef] [PubMed]

	



Sledge, G.W.; Toi, M.; Neven, P.; Sohn, J.; Inoue, K.; Pivot, X.; Burdaeva, O.; Okera, M.; Masuda, N.; Kaufman, P.A.; et al. The Effect of Abemaciclib Plus Fulvestrant on Overall Survival in Hormone Receptor–Positive, ERBB2-Negative Breast Cancer That Progressed on Endocrine Therapy—MONARCH 2. JAMA Oncol. 2020, 6, 116. [Google Scholar] [CrossRef]

	



Cristofanilli, M.; Turner, N.C.; Bondarenko, I.; Ro, J.; Im, S.-A.; Masuda, N.; Colleoni, M.; DeMichele, A.; Loi, S.; Verma, S.; et al. Fulvestrant plus Palbociclib versus Fulvestrant plus Placebo for Treatment of Hormone-Receptor-Positive, HER2-Negative Metastatic Breast Cancer That Progressed on Previous Endocrine Therapy (PALOMA-3): Final Analysis of the Multicentre, Double-Blind, Phase 3 Randomised Controlled Trial. Lancet Oncol. 2016, 17, 425–439. [Google Scholar] [CrossRef]

	



Turner, N.C.; Slamon, D.J.; Ro, J.; Bondarenko, I.; Im, S.-A.; Masuda, N.; Colleoni, M.; Demichele, A.; Loi, S.; Verma, S.; et al. Overall Survival with Palbociclib and Fulvestrant in Advanced Breast Cancer. N. Eng. J. Med. 2018, 379, 1926–1936. [Google Scholar] [CrossRef]

	



Chen, P.; Lee, N.V.; Hu, W.; Xu, M.; Ferre, R.A.; Lam, H.; Bergqvist, S.; Solowiej, J.; Diehl, W.; He, Y.-A.; et al. Spectrum and Degree of CDK Drug Interactions Predicts Clinical Performance. Mol. Cancer Ther. 2016, 15, 2273–2281. [Google Scholar] [CrossRef]

	



Kim, S.; Tiedt, R.; Loo, A.; Horn, T.; Delach, S.; Kovats, S.; Haas, K.; Engstler, B.S.; Cao, A.; Pinzon-Ortiz, M.; et al. The Potent and Selective Cyclin-Dependent Kinases 4 and 6 Inhibitor Ribociclib (LEE011) Is a Versatile Combination Partner in Preclinical Cancer Models. Oncotarget 2018, 9, 35226–35240. [Google Scholar] [CrossRef]

	



Sammons, S.L.; Topping, D.L.; Blackwell, K.L. HR+, HER2– Advanced Breast Cancer and CDK4/6 Inhibitors: Mode of Action, Clinical Activity, and Safety Profiles. Curr. Cancer Drug Targets 2017, 17, 637–649. [Google Scholar] [CrossRef]

	



Zhang, Z.; Golomb, L.; Meyerson, M. Functional Genomic Analysis of CDK4 and CDK6 Gene Dependency across Human Cancer Cell Lines. Cancer Res. 2022, 82, 2171–2184. [Google Scholar] [CrossRef]

	



Azim, H.A.; Ghosn, M.; Oualla, K.; Kassem, L. Personalized Treatment in Metastatic Triple-negative Breast Cancer: The Outlook in 2020. Breast J. 2020, 26, 69–80. [Google Scholar] [CrossRef]

	



Wells, C.I.; Vasta, J.D.; Corona, C.R.; Wilkinson, J.; Zimprich, C.A.; Ingold, M.R.; Pickett, J.E.; Drewry, D.H.; Pugh, K.M.; Schwinn, M.K.; et al. Quantifying CDK Inhibitor Selectivity in Live Cells. Nat. Commun. 2020, 11, 2743. [Google Scholar] [CrossRef] [PubMed]

	



George, M.A.; Qureshi, S.; Omene, C.; Toppmeyer, D.L.; Ganesan, S. Clinical and Pharmacologic Differences of CDK4/6 Inhibitors in Breast Cancer. Front. Oncol. 2021, 11, 693104. [Google Scholar] [CrossRef] [PubMed]

	



Cardoso, F.; Paluch-Shimon, S.; Senkus, E.; Curigliano, G.; Aapro, M.S.; André, F.; Barrios, C.H.; Bergh, J.; Bhattacharyya, G.S.; Biganzoli, L.; et al. 5th ESO-ESMO International Consensus Guidelines for Advanced Breast Cancer (ABC 5). Ann. Oncol. 2020, 31, 1623–1649. [Google Scholar] [CrossRef]

	



Gennari, A.; André, F.; Barrios, C.H.; Cortés, J.; De Azambuja, E.; Demichele, A.; Dent, R.; Fenlon, D.; Gligorov, J.; Hurvitz, S.A.; et al. ESMO Clinical Practice Guideline for the Diagnosis, Staging and Treatment of Patients with Metastatic Breast Cancer. Ann. Oncol. 2021, 32, 1475–1495. [Google Scholar] [CrossRef] [PubMed]

	



ESMO-Magnitude of Clinical Benefit Scale. Available online: www.esmo.org/guidelines/esmo-mcbs (accessed on 20 February 2023).

	



National Comprehensive Care Network. Clinical Practice Guidelines in Oncology Breast Cancer v3.2023. Available online: https://NCCN.org (accessed on 20 February 2023).

	



Chandarlapaty, S.; Chen, D.; He, W.; Sung, P.; Samoila, A.; You, D.; Bhatt, T.; Patel, P.; Voi, M.; Gnant, M.; et al. Prevalence of ESR1 Mutations in Cell-Free DNA and Outcomes in Metastatic Breast Cancer. JAMA Oncol. 2016, 2, 1310. [Google Scholar] [CrossRef]

	



Turner, N.C.; Swift, C.; Kilburn, L.; Fribbens, C.; Beaney, M.; Garcia-Murillas, I.; Budzar, A.U.; Robertson, J.F.R.; Gradishar, W.; Piccart, M.; et al. ESR1 Mutations and Overall Survival on Fulvestrant versus Exemestane in Advanced Hormone Receptor–Positive Breast Cancer: A Combined Analysis of the Phase III SoFEA and EFECT Trials. Clin. Cancer Res. 2020, 26, 5172–5177. [Google Scholar] [CrossRef] [PubMed]

	



Slamon, D.J.; Neven, P.; Chia, S.; Fasching, P.A.; De Laurentiis, M.; Im, S.-A.; Petrakova, K.; Bianchi, G.V.; Esteva, F.J.; Martín, M.; et al. Phase III Randomized Study of Ribociclib and Fulvestrant in Hormone Receptor–Positive, Human Epidermal Growth Factor Receptor 2–Negative Advanced Breast Cancer: MONALEESA-3. J. Clin. Oncol. 2018, 36, 2465–2472. [Google Scholar] [CrossRef]

	



Slamon, D.J.; Neven, P.; Chia, S.; Fasching, P.A.; De Laurentiis, M.; Im, S.-A.; Petrakova, K.; Bianchi, G.V.; Esteva, F.J.; Martín, M.; et al. Overall Survival with Ribociclib plus Fulvestrant in Advanced Breast Cancer. N. Eng. J. Med. 2020, 382, 514–524. [Google Scholar] [CrossRef]

	



Buzdar, A.; Douma, J.; Davidson, N.; Elledge, R.; Morgan, M.; Smith, R.; Porter, L.; Nabholtz, J.; Xiang, X.; Brady, C. Phase III, Multicenter, Double-Blind, Randomized Study of Letrozole, an Aromatase Inhibitor, for Advanced Breast Cancer Versus Megestrol Acetate. J. Clin. Oncol. 2001, 19, 3357–3366. [Google Scholar] [CrossRef] [PubMed]

	



Buzdar, A.U.; Jonat, W.; Howell, A.; Jones, S.E.; Blomqvist, C.P.; Vogel, C.L.; Eiermann, W.; Wolter, J.M.; Steinberg, M.; Webster, A.; et al. Anastrozole versus Megestrol Acetate in the Treatment of Postmenopausal Women with Advanced Breast Carcinoma: Results of a Survival Update Based on a Combined Analysis of Data from Two Mature Phase III Trials. Arimidex Study Group. Cancer 1998, 83, 1142–1152. [Google Scholar] [CrossRef]

	



Robertson, J.F.R.; Noguchi, S.; Shao, Z.; Grinsted, L.M.; Fazal, M.; Ellis, M.J. Abstract P2-08-02: Progression-Free Survival Results in Patient Subgroups from a Phase 3 Randomized Trial of Fulvestrant 500 Mg vs Anastrozole for Hormone Receptor-Positive Advanced Breast Cancer (FALCON). Cancer Res. 2017, 77 (Suppl. S4), P2-08-02. [Google Scholar] [CrossRef]

	



Eli Lilly Canada Inc. Verzenio Product Monograph; Eli Lilly Canada Inc.: Toronto, ON, Canada, 2023. [Google Scholar]

	



Pfizer Canada ULC. Ibrance Product Monograph; Pfizer Canada ULC: Kirkland, QC, Canada, 2023. [Google Scholar]

	



Novartis Pharmaceuticals Canada Inc. Kisqali Product Monograph; Novartis Pharmaceuticals Canada Inc.: Montreal, QC, Canada, 2023. [Google Scholar]

	



Bidard, F.-C.; Hardy-Bessard, A.-C.; Dalenc, F.; Bachelot, T.; Pierga, J.-Y.; de la Motte Rouge, T.; Sabatier, R.; Dubot, C.; Frenel, J.-S.; Ferrero, J.M.; et al. Switch to Fulvestrant and Palbociclib versus No Switch in Advanced Breast Cancer with Rising ESR1 Mutation during Aromatase Inhibitor and Palbociclib Therapy (PADA-1): A Randomised, Open-Label, Multicentre, Phase 3 Trial. Lancet Oncol. 2022, 23, 1367–1377. [Google Scholar] [CrossRef]

	



Martorana, F.; Motta, G.; Pavone, G.; Motta, L.; Stella, S.; Vitale, S.R.; Manzella, L.; Vigneri, P. AKT Inhibitors: New Weapons in the Fight Against Breast Cancer? Front. Pharmacol. 2021, 12, 662232. [Google Scholar] [CrossRef]

	



Henry, N.L.; Somerfield, M.R.; Dayao, Z.; Elias, A.; Kalinsky, K.; McShane, L.M.; Moy, B.; Park, B.H.; Shanahan, K.M.; Sharma, P.; et al. Biomarkers for Systemic Therapy in Metastatic Breast Cancer: ASCO Guideline Update. J. Clin. Oncol. 2022, 40, 3205–3221. [Google Scholar] [CrossRef]

	



U.S. Department of Health and Human Services. Common Terminology Criteria for Adverse Events; 2017. Available online: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf (accessed on 20 February 2023).

	



Lyon, A.R.; López-Fernández, T.; Couch, L.S.; Asteggiano, R.; Aznar, M.C.; Bergler-Klein, J.; Boriani, G.; Cardinale, D.; Cordoba, R.; Cosyns, B.; et al. 2022 ESC Guidelines on Cardio-Oncology Developed in Collaboration with the European Hematology Association (EHA), the European Society for Therapeutic Radiology and Oncology (ESTRO) and the International Cardio-Oncology Society (IC-OS): Developed by the Task Force on Cardio-Oncology of the European Society of Cardiology (ESC). Eur. Heart J. 2022, 43, 4229–4361. [Google Scholar] [CrossRef]

	



Thein, K.Z.; Ball, S.; Swarup, S.; Sultan, A.; Zaw, M.H.; Tijani, L.; Awasthi, S.; Hardwicke, F.; Jones, C. CLO19-052: Incidence of Ribociclib-Associated Cardiac Conduction Abnormalities in Patients with Hormone Receptor-Positive HER2-Negative Metastatic Breast Cancer: A Combined Analysis of 3 Phase III Randomized Controlled Trials. J. Natl. Compr. Canc. Netw. 2019, 17, CLO19-052. [Google Scholar] [CrossRef]

	



Chin, Y.M.; Shibayama, T.; Chan, H.T.; Otaki, M.; Hara, F.; Kobayashi, T.; Kobayashi, K.; Hosonaga, M.; Fukada, I.; Inagaki, L.; et al. Serial Circulating Tumor DNA Monitoring of CDK4/6 Inhibitors Response in Metastatic Breast Cancer. Cancer Sci. 2022, 113, 1808–1820. [Google Scholar] [CrossRef] [PubMed]

	



Hurria, A.; Togawa, K.; Mohile, S.G.; Owusu, C.; Klepin, H.D.; Gross, C.P.; Lichtman, S.M.; Gajra, A.; Bhatia, S.; Katheria, V.; et al. Predicting Chemotherapy Toxicity in Older Adults with Cancer: A Prospective Multicenter Study. J. Clin. Oncol. 2011, 29, 3457–3465. [Google Scholar] [CrossRef] [PubMed]

	



Saliba, D.; Elliott, M.; Rubenstein, L.Z.; Solomon, D.H.; Young, R.T.; Kamberg, C.J.; Roth, C.; MacLean, C.H.; Shekelle, P.G.; Sloss, E.M.; et al. The Vulnerable Elders Survey: A Tool for Identifying Vulnerable Older People in the Community. J. Am. Geriatr. Soc. 2001, 49, 1691–1699. [Google Scholar] [CrossRef] [PubMed]

	



Hernandez Torres, C.; Hsu, T. Comprehensive Geriatric Assessment in the Older Adult with Cancer: A Review. Eur. Urol. Focus 2017, 3, 330–339. [Google Scholar] [CrossRef] [PubMed]

	



Decoster, L.; Van Puyvelde, K.; Mohile, S.; Wedding, U.; Basso, U.; Colloca, G.; Rostoft, S.; Overcash, J.; Wildiers, H.; Steer, C.; et al. Screening Tools for Multidimensional Health Problems Warranting a Geriatric Assessment in Older Cancer Patients: An Update on SIOG Recommendations. Ann. Oncol. 2015, 26, 288–300. [Google Scholar] [CrossRef] [PubMed]

	



Drubbel, I.; Bleijenberg, N.; Kranenburg, G.; Eijkemans, R.J.C.; Schuurmans, M.J.; de Wit, N.J.; Numans, M.E. Identifying Frailty: Do the Frailty Index and Groningen Frailty Indicator Cover Different Clinical Perspectives? A Cross-Sectional Study. BMC Fam. Pract. 2013, 14, 64. [Google Scholar] [CrossRef] [PubMed]

	



Rockwood, K.; Theou, O. Using the Clinical Frailty Scale in Allocating Scarce Health Care Resources. Can. Geriatr. J. 2020, 23, 254–259. [Google Scholar] [CrossRef]

	



Ostwal, V.; Ramaswamy, A.; Bhargava, P.; Hatkhambkar, T.; Swami, R.; Rastogi, S.; Mandavkar, S.; Ghosh, J.; Bajpai, J.; Gulia, S.; et al. Cancer Aging Research Group (CARG) Score in Older Adults Undergoing Curative Intent Chemotherapy: A Prospective Cohort Study. BMJ Open 2021, 11, e047376. [Google Scholar] [CrossRef]

	



Cardoso, F.; Jacot, W.; Kummel, S.; Gupta, S.; Balaraman, R.; Lebedeva, L.; Ji, Y.; Lakshmanan, A.; Amin, K.; Li, Z.; et al. Primary Efficacy and Safety Results from the AMALEE Trial Evaluating 600mg vs 400mg Starting Doses of First-Line Ribociclib in Patients with HR+/HER2- Advanced Breast Cancer. In Proceedings of the 2022 San Antonio Breast Cancer Symposium, San Antonio, TX, USA, 6–10 December 2022. [Google Scholar]

	



Ettl, J.; Im, S.-A.; Ro, J.; Masuda, N.; Colleoni, M.; Schnell, P.; Bananis, E.; Lu, D.R.; Cristofanilli, M.; Rugo, H.S.; et al. Hematologic Adverse Events Following Palbociclib Dose Reduction in Patients with Hormone Receptor–Positive/Human Epidermal Growth Factor Receptor 2–Negative Advanced Breast Cancer: Pooled Analysis from Randomized Phase 2 and 3 Studies. Breast Cancer Res. 2020, 22, 1–10. [Google Scholar] [CrossRef]

	



Moftakhar, B.; Lekkala, M.; Strawderman, M.; Smith, T.C.; Meacham, P.; Fitzgerald, B.; Falkson, C.I.; Dhakal, A. Impact of Early Dose Intensity Reduction of Palbociclib on Clinical Outcomes in Patients with Hormone-Receptor-Positive Metastatic Breast Cancer. Breast Cancer Res. Treat. 2020, 183, 411–418. [Google Scholar] [CrossRef]

	



Giuliano, M.; Schettini, F.; Rognoni, C.; Milani, M.; Jerusalem, G.; Bachelot, T.; De Laurentiis, M.; Thomas, G.; De Placido, P.; Arpino, G.; et al. Endocrine Treatment versus Chemotherapy in Postmenopausal Women with Hormone Receptor-Positive, HER2-Negative, Metastatic Breast Cancer: A Systematic Review and Network Meta-Analysis. Lancet Oncol. 2019, 20, 1360–1369. [Google Scholar] [CrossRef]

	



SABCS 2022: Primary Results from the Randomized Phase II RIGHT Choice Trial of Premenopausal Patients with Aggressive HR+/HER2− Advanced Breast Cancer Treated with Ribociclib + Endocrine Therapy vs Physician’s Choice Combination Chemotherapy. Available online: https://clin.larvol.com/abstract-detail/SABCS%202022/60535039 (accessed on 9 March 2023).

	



Michaud, K.; Solomon, D.A.; Oermann, E.; Kim, J.-S.; Zhong, W.-Z.; Prados, M.D.; Ozawa, T.; James, C.D.; Waldman, T. Pharmacologic Inhibition of Cdk4/6 Arrests the Growth of Glioblastoma Multiforme Intracranial Xenografts. Cancer Res. 2010, 70, 3228–3238. [Google Scholar] [CrossRef]

	



Gelbert, L.M.; Cai, S.; Lin, X.; Sanchez-Martinez, C.; del Prado, M.; Lallena, M.J.; Torres, R.; Ajamie, R.T.; Wishart, G.N.; Flack, R.S.; et al. Preclinical Characterization of the CDK4/6 Inhibitor LY2835219: In-Vivo Cell Cycle-Dependent/Independent Anti-Tumor Activities Alone/in Combination with Gemcitabine. Investig. New Drugs 2014, 32, 825–837. [Google Scholar] [CrossRef]

	



Watase, C.; Shiino, S.; Shimoi, T.; Noguchi, E.; Kaneda, T.; Yamamoto, Y.; Yonemori, K.; Takayama, S.; Suto, A. Breast Cancer Brain Metastasis—Overview of Disease State, Treatment Options and Future Perspectives. Cancers 2021, 13, 1078. [Google Scholar] [CrossRef] [PubMed]

	



Tolaney, S.M.; Sahebjam, S.; Le Rhun, E.; Bachelot, T.; Kabos, P.; Awada, A.; Yardley, D.; Chan, A.; Conte, P.; Diéras, V.; et al. A Phase II Study of Abemaciclib in Patients with Brain Metastases Secondary to Hormone Receptor-Positive Breast Cancer. Clin. Cancer Res. 2020, 26, 5310–5319. [Google Scholar] [CrossRef] [PubMed]

	



Barberi, V.; Pietragalla, A.; Franceschini, G.; Marazzi, F.; Paris, I.; Cognetti, F.; Masetti, R.; Scambia, G.; Fabi, A. Oligometastatic Breast Cancer: How to Manage It? J. Pers. Med. 2021, 11, 532. [Google Scholar] [CrossRef] [PubMed]

	



Network, C.B.C. Breast Cancer—The Lived Experience. Available online: https://cbcn.ca/web/default/files/public/Reports/FINAL%20ENG%20Lived%20Experience%20Report-compressed.pdf (accessed on 20 February 2023).

	



Holle, L.M.; Bilse, T.; Alabelewe, R.M.; Kintzel, P.E.; Kandemir, E.A.; Tan, C.J.; Weru, I.; Chambers, C.R.; Dobish, R.; Handel, E.; et al. International Society of Oncology Pharmacy Practitioners (ISOPP) Position Statement: Role of the Oncology Pharmacy Team in Cancer Care. J. Oncol. Pharm. Pract. 2021, 27, 785–801. [Google Scholar] [CrossRef]

	



Howell, D.; Keshavarz, H.; Broadfield, L.; Hack, T.; Hamel, M.; Harth, T.; Jones, J.; McLeod, D.; Olson, K.; Phan, S.; et al. A Pan Canadian Practice Guideline for Screening, Assessment, and Management of Cancer-Related Fatigue in Adults Version 2; Canadian Partnership Against Cancer (Cancer Journey Advisory Group) and the Canadian Association of Psychosocial Oncology: Edmonton, AB, Canada, 2015. [Google Scholar] [CrossRef]








[image: Curroncol 30 00411 g001] 





Figure 1. Summary of PFS and OS outcomes from phase 3 first-line CDK4/6i + nonsteroidal AI trials (investigator analysis). 
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Figure 2. Summary of PFS and OS outcomes from phase 3 trials evaluating CDK4/6i + fulvestrant in HR+/HER2– advanced breast cancer. 
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Figure 3. Mutational testing at diagnosis of advanced/metastatic disease. 
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Figure 4. Incidence of most common adverse reactions as per product monograph in patients with advanced breast cancer receiving CDK4/6i + nonsteroidal AI. 
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Figure 5. Suggested monitoring approach for CDK4/6i. 
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Figure 6. Importance of different treatment characteristics in decisions for metastatic breast cancer patients (Canadian Breast Cancer Network). 
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Figure 7. Clinical verifications of prescriptions checklist tool for community pharmacists. 
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Figure 8. Summary of preferred treatment pathway for first-line HR+/HER2– advanced breast cancer. 
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Figure 9. Summary of preferred first-line treatments for HR+/HER2– advanced breast cancer. 
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Table 1. Current Guideline-Preferred First-Line ER+/HER2– Advanced Breast Cancer Regimens.
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	ABC 5 *

[30]
	ESMO 2021 *

[31]
	NCCN (Version 3.2023)

[33]





	CDK4/6i combined with ET (AI or FUL)

ESMO-MCBS v1.1 † scores:

	
RIB + LET 1L (post): 4



	
PAL + LET 1L (post): 3



	
ABE + AI 1L (post): 3



	
RIB + FUL 1L, 2L (post): 4



	
ABE + FUL 1L, 2L (post): 4



	
RIB + ET 1L (pre): 5





	CDK4/6i combined with ET (AI or FUL):

	
AI preferred if did not relapse on AI or relapsed >12 months of stopping adjuvant AI; otherwise, FUL preferred



	
Comorbidities or performance status that precludes use of CDK4/6i combinations: ET alone



	
See ABC 5 column for ESMO-MCBS scores





	AI + CDK4/6i

	
AI + RIB (category 1)



	
AI + ABE (category 2A)



	
AI + PAL (category 2A)



	
FUL + CDK4/6i



	
FUL + RIB (category 1)



	
FUL + ABE (category 1)



	
FUL + PAL (category 2A)












* ABC and ESMO note the lack of head-to-head comparisons between CDK4/6i; direct cross-trial comparisons are not possible due to heterogeneous inclusion criteria. † Based on online scores at https://www.esmo.org/guidelines/esmo-mcbs/esmo-mcbs-scorecards accessed 1 February 2023. Cancer therapies are scored from 1–5 for therapies in the non-curative setting, where a score of 4 or 5 is considered to provide a substantial amount of clinical benefit. 1L, first line; 2L, second line; ABC, advanced breast cancer; ABE, abemaciclib; AI, aromatase inhibitor; CDK4/6i, cyclin dependent kinase 4/6 inhibitor; ET, endocrine therapy; ESMO, European Society for Medical Oncology; FUL, fulvestrant; LET, letrozole; MCBS, magnitude of clinical benefit scale; NCCN, National Comprehensive Cancer Network; NSAI, nonsteroidal aromatase inhibitor; PAL, palbociclib; pre, premenopausal; post, postmenopausal; RIB, ribociclib.













 





Table 2. Monitoring as per Recommendations in Product Monographs.
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Abemaciclib [41]

	
Palbociclib [42]

	
Ribociclib [43]






	
CBC

	
Prior to start

Q2W for months 1, 2

QM for months 3, 4

As clinically indicated

	
Prior to start

Day 15 for cycle 1, 2

As clinically indicated

	
Prior to start

Q2W for cycles 1, 2

At the start of cycles 3–6

As clinically indicated




	
Liver function

	
Prior to start

Q2W for months 1,2

QM for months 3,4

As clinically indicated

	
Monitor for signs of hepatoxicity

	
Prior to start

Q2W for cycles 1, 2

At the start of cycles 3–6

As clinically indicated




	
ILD/pneumonitis

	
Monitor for pulmonary symptoms indicative of ILD/pneumonitis (hypoxia, cough, dyspnea)




	
ECG

	
–

	
–

	
Prior to start

Day 14 of cycle 1

Beginning of cycle 2

At regular intervals during steady state (approx. cycle day 14) & as clinically

indicated




	
Electrolytes

	
–

	
–

	
Prior to start

At regular intervals & as clinically

indicated




	
Infection or

myelosuppression

	
Monitor for signs and symptoms




	
Thrombo-embolism

	
Monitor for signs and symptoms

	
–

	
Monitor for signs and symptoms in

patients at risk








CBC, complete blood count; ECG, electrocardiogram; ILD, interstitial lung disease; LFT, liver function tests; PE, pulmonary embolism; Q2W, every two weeks; QM, every month; QTc, corrected QT interval; VTE, venous thromboembolism.













 





Table 3. Format and Clinical Utility of Tools Used to Assess Frailty.
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	Tool
	Format
	Clinical Utility





	CARG [57]
	Physician-administered; assesses 11 clinical parameters
	Used to assess toxicity risk in geriatric patients receiving chemotherapy



	VES-13 [52]
	Patient-reported; 13-item function-based assessment
	Detects vulnerable older adults who are at an increased risk of death or functional decline over the subsequent 2 years



	CGA [53]
	Physician-administered; assesses functional status, comorbidities, polypharmacy, cognition, psychological status, social support and nutrition
	Used to identify changes that are potentially treatable to improve patient outcomes



	Geriatric 8 [54]
	Physician-administered; 8-item screening tool
	Specific to cancer patients; rapid (5 min)



	Groningen [55]
	Patient-reported; 15-item self-assessment
	Reflects current problems in a patient’s daily life



	Clinical Frailty Scale [56]
	Physician-administered; based on observation and clinical judgement (not a questionnaire)
	Not specific to oncology; requires clinical judgement










 





Table 4. PFS in Subgroup of Patients with Visceral Disease in First-Line HR+/HER2– Trials.
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Study

	
Subgroup

	
PFS

HR (95% CI)






	
PALOMA-2

(49% visceral)

	
Site of metastases at baseline

	




	
Visceral

	
0.63 (0.47–0.85)




	
Nonvisceral

	
0.50 (0.36–0.70)




	
MONALEESA-2

(59% visceral)

	
Liver or lung metastases

	




	
Yes

	
0.561 (0.424–0.743)




	
No

	
0.597 (0.426–0.837)




	
MONARCH-3

(53% visceral)

	
Metastatic site

	




	
Visceral

	
0.61 (0.42–0.87)




	
Bone only

	
0.58 (0.27–1.25)




	
Other

	
0.34 (0.19–0.61)




	
MONALEESA-7

(57% visceral)

	
Liver or lung metastases

	




	
Yes

	
0.50 (0.38–0.68)




	
No

	
0.64 (0.45–0.91)








CI, confidence interval; HR, hazard ratio; PFS, progression free survival.
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