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Abstract

:

In this analysis, we describe population-based outcomes for first-line treatment with a cyclin-dependent kinase 4/6 inhibitor (CDK4/6i) combined with an aromatase inhibitor (AI). All patients who were prescribed CDK4/6i + AI from January 2016 through June 2019 were included. Patient demographics, tumour and treatment characteristics were collected and described. Survival distributions were estimated using the Kaplan–Meier method. Multivariate analysis (MVA) was constructed to examine associations between potentially prognostic clinical variables and progression-free survival (PFS). In total, 316 patients were included. The median age was 61 years. After a median follow-up of 28.1 months, the median PFS was 37.9 months (95% CI, 26.7–NR). In the MVA, PR-negative tumour (HR, 2.37; 95% CI, 1.45–3.88; p = 0.001) and CDK4/6i dose reduction (HR, 1.51; 95% CI, 1.06–2.16; p = 0.022) predicted worse PFS. Median overall survival (OS) was not reached. The 30-month and 36-month OS rates were 74% and 68%, respectively. Of patients who progressed, 89% received second-line treatment. Median time to progression on second-line chemotherapy was 9.0 (5.8–17.6) months, and median time to progression on second-line hormonal therapy +/− targeted agent was 4.0 (3.4–8.6) months (p = 0.012). CDK4/6i + AI as first-line treatment for HR-positive, HER2-negative MBC in Alberta is justified based on favourable PFS and early OS outcomes.
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1. Introduction


Breast cancer is the most commonly diagnosed malignancy and a major cause of death among women worldwide [1]. In Canada, approximately 27,400 women were diagnosed and 5100 died of breast cancer in 2020 [2]. Hormone receptor (HR)-positive and human epidermal growth factor receptor-2 (HER2)-negative breast cancer is the most common subtype, accounting for 60–70% of all cases [3].



The treatment of HR-positive, HER2-negative metastatic breast cancer (MBC) has undergone a paradigm shift in recent years. The combination of a cyclin-dependent kinase 4/6 inhibitor (CDK4/6i) with an aromatase inhibitor (AI) has emerged as the standard first-line treatment in patients with de novo stage IV disease and in those with recurrent metastatic disease who completed adjuvant antiestrogen therapy with an AI at least 12 months prior. Palbociclib was the first CDK4/6 inhibitor (CDK4/6i) to be approved in combination with an AI after the PALOMA-2 trial showed an improvement in progression-free survival (PFS) for the experimental arm (palbociclib and letrozole) compared with an AI alone [4]. Subsequently, ribociclib and abemaciclib exhibited remarkably similar outcomes when used in combination with endocrine therapy (ET) [5,6,7,8,9]. CDK4/6 inhibitors are oral medications, well-tolerated, and do not negatively impact quality of life [10,11,12].



In this study, we present population-based outcomes for first-line treatment with a CDK4/6 inhibitor combined with an AI amongst patients with HR-positive, HER2-negative MBC in the province of Alberta, Canada.




2. Materials and Methods


2.1. Study Design


This was a retrospective, population-based, cohort study of patients with HR-positive, HER2-negative MBC who received a CDK4/6i in combination with an AI as first-line treatment in the metastatic setting. The study protocol was approved by the Health Research Ethics Board of Alberta, Cancer Committee.




2.2. Study Population


All patients aged 18 years or older with histologically confirmed HR-positive, HER2-negative advanced or metastatic breast cancer prescribed at least one cycle of a CDK4/6i in combination with an AI in the first-line setting from 1 January 2016 through 30 June 2019 in the province of Alberta, Canada were included.




2.3. Data Sources


Patients were identified from the Alberta Health Services (AHS) Cancer Control Breast Data Mart (BDM). The BDM is a data repository of all breast cancer patients diagnosed from 1 January 2004 onwards in Alberta and includes information on patient demographics, tumour characteristics, surgical intervention, Cancer Control Alberta clinic visits, systemic therapies prescribed, and vital status. The following variables were extracted from the BDM: date of birth, tumour characteristics, vital status, date and cause of death if deceased, and date of last contact with Cancer Control Alberta or Alberta Health if not deceased. Review of the electronic medical record was performed to obtain further disease and treatment variables. The cohort was retrieved from the BDM on 14 April 2020 based on CDK4/6i prescription between 1 January 2016 through 30 June 2019, and chart review occurred through 19 August 2020.




2.4. Outcomes


The primary endpoint was progression-free survival (PFS), defined as the time from treatment initiation with a CDK4/6i until the first documented progression (as per physician notes or most relevant diagnostic imaging report), death from any cause, or last follow-up. Secondary time to event outcomes included PFS2 (time from the start of CDK4/6i until progression on the treatment following CDK4/6i + ET, death from any cause, or last follow-up), time to progression (TTP) on second-line therapy (time from the start of second-line therapy to next progression, death from any cause, or last follow-up), and overall survival (time from the start of CDK4/6i until death from any cause or last follow-up). Additional outcomes of interest included the timing of CDK4/6i initiation relative to the start of an AI, CDK4/6i dose reduction, median time on a CDK4/6i, discontinuation of CDK4/6i therapy due to toxicity, and distribution of second-line therapies.




2.5. Statistical Analysis


Descriptive statistics were used to summarize patient demographics plus tumour and treatment characteristics. Categorical data were described using frequencies and percentages, whereas continuously scaled measures were summarized by the median and interquartile range values. Survival distributions were estimated using the Kaplan–Meier method. A multivariate analysis using the Cox proportional hazards model was constructed to determine the associations between potentially prognostic clinical variables and progression-free survival. We aimed to include potentially prognostic variables applicable to the entire cohort. We included some variables that could potentially identify subgroups with favourable prognosis where CDK4/6i use might be delayed to the second-line setting (i.e., de novo vs. relapsed metastatic breast cancer, non-visceral vs. visceral metastases, PR-positive vs. PR-negative disease). For an age surrogate, we used premenopausal vs. postmenopausal as our real-world adoption of palbociclib in premenopausal patients, extrapolated from PALOMA-2, which only included a postmenopausal population. Finally, we included delayed initiation of CDK4/6i and dose reduction, including upfront dose reduction, as we noted these deviations in real-world practice in comparison with protocols used in the pivotal RCTs. All statistical tests were two-sided, and results were considered statistically significant with a priori conventional definition of p-value < 0.05. All data were analysed using STATA statistical software (StataCorp. 2013. Release 13. College Station, TX, USA).





3. Results


3.1. Patient Characteristics


We identified 316 women who met the inclusion criteria. Patient demographic, disease, and prior treatment characteristics are detailed in Table 1. The median age at metastatic diagnosis was 61 years, and less than one-quarter were premenopausal. Thirty-nine percent of patients had de novo MBC, and amongst those who had relapsed, the median recurrence free interval was 58 months, and two-thirds were not on adjuvant treatment at the time of relapse. Three-fourths presented with 1–2 metastatic sites and around half of the patients had non-visceral disease.




3.2. First-Line CDK4/6 Inhibitor Plus Endocrine Therapy


Palbociclib was administered in 94% of patients, while 5% of patients received ribociclib. The remaining 1% had sequential exposure to both agents. For ET, all patients received an AI, and all premenopausal patients additionally underwent ovarian suppression or oophorectomy. The median time to start CDK4/6i after the metastatic diagnosis was 1.4 months (IQR 0–2.5 months). The median time to CDK4/6i initiation from the start of AI was 0 months (IQR 0–0.9 months). A total of 23 patients (7%) had a delayed CDK4/6i start of more than 90 days from the start of the ET. In this subgroup, the median time to initiation of a CDK4/6i was 7.7 months (IQR: 3.6–15.7 months).




3.3. Survival Outcomes


The median follow-up time from advanced diagnosis was 28.1 months. At the time of censoring, 131 patients (42%) had disease progression on a CDK4/6i. Disease progression occurred in the liver (44%), bone (41%), other non-visceral sites (24%), lungs (22%), and central nervous system (5%). The median PFS was 37.9 months (95% CI, 26.7–NR). With 131 events, the median OS was not reached. The 30-month and 36-month OS rates were 74% and 68%, respectively.




3.4. Associations of Clinical Variables with Progression-Free Survival


In the Cox model, PR-negative tumour (HR, 2.37; 95% CI, 1.45–3.88; p = 0.001) and CDK4/6i dose reduction (HR, 1.51; 95% CI, 1.06–2.16; p = 0.022) predicted worse PFS (Table 2). Menopausal status, relapsed disease, visceral metastases, and a gap between the start of CDK4/6i and AI were not significantly associated with PFS.




3.5. CDK4/6 Inhibitor Duration, Dose Modification, Discontinuation, and Toxicity


The median time on a CDK4/6i was 19.2 months (IQR 10.3–28.0 months). Dose reduction was observed in 8% of patients upfront and 47% overall. At the time of censoring, a total of 162 patients (51%) had stopped first-line CDK4/6i. The reasons for CDK4/6i discontinuation were disease progression (70%), toxicity (13%), physician recommendation (11%), and patient preference (6%). The most common adverse events leading to treatment discontinuation were nausea (24%), neutropenia (24%), fatigue (19%), increased transaminases (14%), and thrombocytopenia (9.5%). Febrile neutropenia, repeated urinary infections, and pulmonary infection occurred in one patient each, and none of these three patients were hospitalized.




3.6. Second-Line Therapy


Of the 131 patients with progression, 117 (89%) received second-line therapy (Table 3). Chemotherapy was the subsequent treatment in 46% of patients, while ET +/− a targeted agent was used in 51%. Median TTP on second-line therapy was 6.3 months (95% CI, 4.0–8.6 months). Median TTP was 9.0 months (95% CI, 5.8–17.6 months) for chemotherapy and 4.0 months (95% CI, 3.4–8.6 months) for ET +/− a targeted agent (p = 0.012). In patients who received subsequent therapy, the median PFS2 was 21.8 months (95% CI, 17.8–24.2 months). PSF2 was 20.3 months (95% CI, 16.1–30.3 months) for those who received chemotherapy and 21.8 months (95% CI, 17.8–24.4 months) for those who received ET +/− a targeted agent (p = 0.17).





4. Discussion


This is the first study to report population-based outcomes for first-line combination CDK4/6i + AI therapy in patients with HR-positive, HER2-negative MBC within a Canadian province. We found a median PFS of 37.9 months (95% CI, 26.7 months–NR), which compares favourably with the pooled median PFS of 28.0 months (95% CI, 25.3–29.1 months) for the CDK4/6i + AI arms of pivotal randomized controlled trials (RCTs) with similar follow-up durations [13]. In our cohort, which was largely exposed to palbociclib, PFS was not associated with menopausal status (postmenopausal vs. premenopausal HR 1.04; 95% CI, 0.67–1.62, p = 0.850).



Smaller institution-based retrospective cohorts [14,15,16,17] have estimated median PFS ranging from 15.1 months [14] up to 36.7 months [17] for CDK4/6i + ET. Although the ET backbone in these small studies was largely an AI, a few studies included patients treated with fulvestrant as first-line treatment, suggesting a mix of patients with hormone-resistant disease and less favourable prognoses. The largest retrospective cohort of patients treated purely with first-line CDK4/6i + AI was ascertained from the Flatiron Health Database, which at the time of their analysis had collected information from 2 million cancer patients across 275 cancer centres in the US [18]. Their cohort included 878 patients with a mean age of 65.2 years, and 51% had visceral disease. Median PFS was 21.9 months (95% CI, 20.8–28.2). A prospective German registry study reported the outcomes of 99 patients treated with CDK4/6i + ET and 132 treated with ET alone [19]. Median PFS was 24.7 vs. 16.6 months in favour of combination treatment, but the difference was not statistically significant, with an adjusted hazard ratio (HR) of 0.87 (95% CI, 0.58–1.32), probably reflecting the small sample size of the study. Other prospective real-world studies have now been published, including a multicentre cohort from northern Italy [20]. Of the 182 patients included in the primary analysis, 61 (33.5%) received palbociclib plus an AI or fulvestrant in the first-line setting. As their population was largely pre-treated, the median PFS was 13.0 months. PFS and OS decreased as palbociclib plus ET was used in later lines of treatment. CompLEEment-1 (C-1) was a large, international phase IIIb study that included patients with previously untreated HR-positive, HER2-negative de novo MBC or relapsed disease with at least 12 months duration after neoadjuvant/adjuvant AI exposure. All patients were treated with ribociclib and letrozole and if premenopausal, ovarian function suppression or ablation [21]. Results from the Canadian cohort of 251 women were presented at the European Society of Medical Oncology meeting in 2020. The Canadian C-1 cohort had a median age of 58 years, with 67% having visceral disease. The median time to progression was 26.5 months (95% CI, 22.3–30.1) with efficacy and toxicity data similar in comparison with the global cohort [22].



Median PFS varies across the pivotal RCTs and real-world studies for reasons that may include differences in population/treatment characteristics, frequency and rigorousness of clinical and imaging assessments for progression, and follow-up duration. Several factors may have positively influenced PFS in our cohort. A large proportion of our patients had a single metastatic site (47% compared with 29–34% for pivotal RCTs [4,5,6,7,8,9] and 25% for the C-1 population [22]). While the proportion of patients with visceral metastasis (53%) is in accordance with that of the aforementioned RCTs, 48–59% [4,5,6,7,8,9], this is lower than the proportion reported for C-1 (67%) [22]. Our population may have been subjected to less frequent clinical/imaging assessments for progression in comparison with trial protocols or real-world studies from jurisdictions with privately administered care, and classification of progression was not based strictly on RECIST but rather overall physician evaluation. Finally, our duration of follow-up was relatively long. Use of CDK4/6i + AI therapy for MBC patients with minimal disease burden may reflect access to CDK4/6 inhibitors in Alberta. Expanded access and patient support programs generally included patients who were previously untreated for metastatic disease and had not relapsed at or within 1 year after stopping an adjuvant AI. Subsequently, these criteria were strictly adopted with the onset of public funding. Second-line CDK4/6i with fulvestrant was largely not accessible and only publicly funded at the time of writing this manuscript. Hence, the treating medical oncologists may have tended to prescribe dual therapy to all eligible patients. The optimal sequencing of endocrine therapies plus or minus targeted agents is currently unknown, and with more recent access to CDK4/6 inhibitors beyond the first-line setting, there may be a shift to reserving dual therapy upfront for a potentially worse prognosis population. Further studies (including already established prospective studies such as PRAEGNANT [19], POLARIS [23], and TreatERight [24,25,26]) examining real-world treatment patterns and comparative effectiveness of CDK4/6 inhibitors in the first- vs. second-line setting are warranted.



While median OS in our cohort has not yet been reached, OS at 3 years was 68%. This result is comparable to OS at 3 years for the palbociclib + letrozole cohort from the Flatiron database (72%) [20] and superior to a historical Alberta cohort of de novo HR-positive, HER2-negative MBC patients aged <65 years who were diagnosed 1 January 2010 through 31 December 2014 and would not have had access to a CDK4/6i in the first-line setting (56%) [27]. In terms of the pivotal RCTs of CDK4/6 inhibitors + AI, only Monaleesa-7 (all pre-menopausal patients with ovarian function suppression) reported OS, which was significantly better in the ribociclib arm (OS at 42 months, 70% vs. 46%; HR, 0.71, 95% CI, 0.54–0.95) [28].



As accrual of mortality events across patients with HR-positive, HER2-negative MBC is slow, PFS2 is being considered as a potential surrogate for OS and an outcome to examine whether a new first-line treatment could have a detrimental effect on the duration of response to subsequent therapy [29,30]. PFS2 and related outcomes (e.g., time to third-line treatment) are reported by the pivotal RCTs that continue to demonstrate the superiority of the CDK4/6i + AI arm [28,31,32]. These updated analyses show that the use of a CDK4/6i, when compared with placebo, prolonged PFS2 and time to subsequent therapy. Although more data is needed to validate the importance of PFS2 in relation to OS in HR-positive, HER2-negative metastatic breast cancer, postponing chemotherapy and its inherent toxicity is an important outcome on its own. Further, if upfront use of a CDK4/6i truly does not impair next-line treatment, it can be hypothesized that delaying CDK4/6i use to the second-line setting may be reasonable in a prognostically favourable subset of patients. In our analysis, PFS2 was 21.8 months, lower than the PFS for first-line CDK4/6i (37.9 months). Only 37% (117) patients from our cohort received second line therapy after the first progression, which could explain this result. There was no difference in PFS2 for patients who received ET +/− targeted therapy compared with chemotherapy. Almost half of the patients in our cohort who received a second-line treatment during the follow-up period were prescribed chemotherapy (46%), which is a higher proportion than that reported for post-CDK4/6i + AI progression in the pivotal RCTs (15.8–36.6%) [28,31,32,33]. The use of second-line chemotherapy likely relates to the lack of public funding for fulvestrant and the decision to remove funding for exemestane + everolimus for patients with prior CDK4/6i exposure in Alberta. Such therapies were accessible for limited periods of time through compassionate access programs or private medication insurance plans for a minority of patients. Fortunately, many clinical trials are underway to help establish standard ET +/− targeted therapy post-CDK4/6 + AI [34].



In this study, 92% of patients started a CDK4/6i at full dose and dose reductions (47%), consistent with rates reported in the pivotal RCTs (31–55%) [4,6,9]. We found that dose reduction was significantly associated with worse PFS. This is in contrast to what has been observed in randomized trials [35,36,37,38] and some other retrospective studies [39,40]. Upfront dose reduction and subsequent dose reduction due to toxicity could reflect poor patient-related prognostic factors, such as less favourable performance status and comorbidities. Although we were unable to adjust for these patient-related variables, our CDK4/6i discontinuation rate due to toxicity was slightly higher (13%) than that encountered in the RCTs (4–10%) [4,6,9] and other retrospective studies (2–10%) [14,15,17,22,41]. It follows that if PFS had also been adjusted for performance status and comorbidities, CDK4/6i dose reduction may not have been significantly associated with a worse outcome. Only three patients stopped treatment due to an infectious complication, and, reassuringly, none of them required hospitalization. This could mean that discontinuation of CDK4/6i due to toxicity may be driven by persistent lower grade adverse events rather than single serious adverse events.



Strengths of our real-world study include the use of population-level data, novel investigation of delayed CDK4/6i start as a variable in the survival analyses, and inclusion of subsequent therapy information. This study had several limitations as well. Our population-level data were likely incomplete. The BDM only includes patients diagnosed within the province from 2004 onwards. Hence, patients diagnosed with early-stage disease prior to 2004 who relapsed during our accrual period would not have been captured. Further, patients diagnosed outside Alberta but subsequently treated within the province would also have been missed. As mentioned previously, survival outcomes were not adjusted for ECOG performance status or comorbidities due to difficulty in collecting these variables retrospectively. Omission of these variables in the Cox regression may explain the significant association between CDK4/6i dose reduction and worse PFS. We did not have access to ethnicity information, and given our small population, we did not include variables that related to relapsed patients only, such as recurrence-free interval and exposure to systemic treatments in the adjuvant setting. Omission of potentially prognostic variables in the multivariable analysis could limit the generalizability of our results. Radiologic progression was not defined by RECIST criteria but mostly as per the treating physician, which carries an inherent bias. Finally, we did not have a concurrent cohort of patients treated with AI monotherapy. As previously mentioned, CDK4/6 inhibitors were only available with an AI in the first-line setting, and hence, most eligible patients would have been offered this treatment combination. Patients offered an AI alone during the study era would have likely been older with more comorbidities, yielding a futile comparison.




5. Conclusions


The adoption of CDK4/6i + AI as a first-line treatment for HR-positive, HER2-negative MBC in Alberta is justified based on our favourable PFS and early OS outcomes.
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Table 1. Baseline characteristics of patients.






Table 1. Baseline characteristics of patients.





	
Characteristic

	
Number (n = 316)

	
Percent






	
Age at metastatic diagnosis, years

	

	




	
Median

	
61




	
Interquartile range

	
53–70




	
Age categories, years

	

	




	
≤65

	
198

	
62.70%




	
>65

	
118

	
37.30%




	
Menopausal status

	

	




	
Premenopausal

	
58

	
18.40%




	
Postmenopausal

	
258

	
81.70%




	
Histology

	

	




	
Ductal

	
225

	
71.20%




	
Lobular

	
39

	
12.30%




	
Mixed

	
28

	
8.90%




	
Other

	
24

	
7.60%




	
Grade (n = 228)

	

	




	
I

	
23

	
10.10%




	
II

	
100

	
43.90%




	
III

	
105

	
46.00%




	
Estrogen receptor status

	

	




	
Positive

	
311

	
98.40%




	
Unknown

	
5

	
1.60%




	
Progesterone receptor status

	

	




	
Positive

	
280

	
88.60%




	
Negative

	
31

	
9.80%




	
Unknown

	
5

	
1.60%




	
De novo metastatic

	

	




	
Yes

	
123

	
38.90%




	
No

	
193

	
61.10%




	
Recurrence-free interval (n = 193)

	

	




	
<1 year

	
30

	
15.50%




	
1–2 years

	
24

	
12.40%




	
>2 years

	
139

	
72.00%




	
Prior surgery (n = 193)

	

	




	
Yes

	
174

	
90.20%




	
No

	
19

	
9.80%




	
Adjuvant radiotherapy (n = 193)

	

	




	
Yes

	
105

	
54.40%




	
No

	
88

	
45.60%




	
Adjuvant endocrine therapy (n = 193)

	

	




	
Yes

	
121

	
62.70%




	
No

	
72

	
37.30%




	
Relapse on prior therapy (n = 193)

	

	




	
Relapsed on tamoxifen

	
52

	
26.90%




	
Relapsed on aromatase inhibitor

	
10

	
5.20%




	
Relapsed on chemotherapy

	
2

	
1.00%




	
Not on therapy

	
127

	
65.80%




	
Not known

	
2

	
1.00%




	
Disease extent

	

	




	
Inoperable locally advanced

	
5

	
1.60%




	
Metastatic

	
311

	
98.40%




	
Number of metastatic sites (n = 311)

	

	




	
1

	
146

	
46.90%




	
2

	
98

	
31.50%




	
≥3

	
67

	
21.40%




	
Metastatic distribution (n = 311)

	

	




	
Visceral

	
164

	
52.70%




	
Non-visceral only

	
147

	
47.30%




	
Metastatic sites (n = 311)

	

	




	
Bone

	
85

	
26.90%




	
Other non-visceral

	
134

	
42.40%




	
Lung

	
117

	
37.00%




	
Liver

	
49

	
15.50%




	
Brain/CNS

	
3

	
1.00%




	
Other

	
28

	
8.90%
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Table 2. Multivariable Cox model for PFS.
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	Variable
	HR
	95% CI
	p-Value





	Menopausal status
	
	
	



	Pre
	Ref
	
	



	Post
	1.04
	0.67–1.62
	0.85



	De novo metastatic
	
	
	



	Yes
	Ref
	
	



	No
	1.22
	0.85–1.76
	0.268



	CDK4/6i within 90 days
	
	
	



	No
	Ref
	
	



	Yes
	1.14
	0.61–2.11
	0.686



	Metastases
	
	
	



	Non-visceral
	Ref
	
	



	Visceral
	1.14
	0.80–1.62
	0.453



	Dosing
	
	
	



	No decrease
	Ref
	
	



	Decrease
	1.51
	1.06–2.16
	0.022



	PR expression
	
	
	



	Positive
	Ref
	
	



	Negative
	2.37
	1.45–3.88
	0.001







Abbreviations: CI, confidence interval; HR, hazard ratio; PR, progesterone receptor; Ref, reference.
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Table 3. Second-line therapies.






Table 3. Second-line therapies.





	Choice of Therapy
	Number (n = 117)
	Percent





	Single agent aromatase inhibitor
	25
	21.4%



	Tamoxifen
	5
	4.3%



	Fulvestrant
	11
	9.4%



	Fulvestrant + CDK4/6i
	3
	2.6%



	Endocrine therapy + everolimus
	15
	12.8%



	Capecitabine
	36
	30.8%



	Intravenous chemotherapy
	18
	15.4%



	Other
	4
	3.4%







Abbreviations: CDK4/6i, cyclin-dependent kinase 4/6 inhibitor.
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