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Abstract

In August 2017, cyclin-dependent kinase 4/6 (CDK4/6) inhibitors combinedwith endocrine

therapy have been reimbursed in the Netherlands for patients with hormone receptor posi-

tive (HR+), HER2 negative (HER2�) advanced breast cancer (ABC). This study evaluates the

implementation of CDK4/6 inhibitors and changes in treatment choices in the Netherlands.

All patients diagnosed with HR+/HER2� ABC in 2009 to 2018 in seven hospitals were

selected from the Southeast Netherlands Advanced Breast cancer (SONABRE) registry. The

2-year cumulative use of CDK4/6 inhibitors since reimbursement date (August 2017) was

assessed using competing-risk methodology in two cohorts. The first cohort included

patientswithABCdiagnosis betweenAugust 2017 andDecember 2018. The second cohort

included patients with ABC diagnosis between 2009 and August 2017, and still alive on

August 1, 2017. In addition, treatment choices in the first three lines of therapy in calendar

years 2009 to 2018 were evaluated for the total study population. Among patients diag-

nosed since August 2017 (n = 214), 50% (95% confidence interval [CI] = 43-57) received

CDK4/6 inhibitors within 2 years beyond diagnosis. Of eligible patients diagnosed before

August 2017 (n = 417), 31% (95% CI = 27-36) received CDK4/6 inhibitors within 2 years

following reimbursement. Another 20% of both cohorts are still CDK4/6 inhibitor naïve and

on first-line therapy. The use of chemotherapy decreased in first two lines of therapy

between 2009 and 2018 (first-line: 29%-13%; second-line: 26%-19%). The implementation

rate of CDK4/6 inhibitors since reimbursement is currently 50% within 2 years beyond

diagnosis and is expected to increase further. The implementation of targeted therapy

decreased the use of chemotherapy as first-line therapy.

Abbreviations: ABC, advanced breast cancer; AI, aromatase inhibitor; CDK4/6, cyclin-dependent kinase 4/6; CI, confidence interval; ET, endocrine therapy; HER2, human epidermal growth

factor receptor 2; HR, hormone receptor; mTOR, mechanistic target of rapamycin.
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What's new?

In the Netherlands, inhibitors of cyclin-dependent kinase 4/6 (CDK 4/6) are eligible for reim-

bursement by health insurers. The present report describes implementation patterns of CDK4/6

inhibitors for the treatment of advanced breast cancer since 2017, based on data and observa-

tions collected from seven hospitals across the Southeast Netherlands. Analyses show that

about half of patients with HR+/HER2- metastatic breast cancer are treated with CDK4/6

inhibitors. Following the implementation of these therapies, use of first-line chemotherapy

decreased significantly. Reduced chemotherapy use may have beneficial effects on quality of life

for patients, adding value to overall gains in survival.

1 | INTRODUCTION

About two-thirds of advanced breast cancer (ABC) diagnoses are of the

hormone receptor (HR) positive, human epidermal growth factor receptor

2 (HER2) negative (HR+/HER2�) subtype.1 For years, the best available

treatment plan for patients diagnosed with HR+/HER2� ABC was using

different lines of endocrine therapy (ET) until development of endocrine

resistance, followed by various lines of chemotherapy as escalation strat-

egy.2,3 Currently, new targeted therapies are being designed to prolong

the efficacy of ET while targeting activated cell cycle pathways.4

Following the registration of the mechanistic target of rapamycin

(mTOR) inhibitor everolimus in 2012, cyclin-dependent kinase 4/6

(CDK4/6) inhibitors have recently been approved for HR+/HER2� ABC.

CDK4/6 inhibitors halt the proliferation of breast cancer cells by arrest-

ing progression from the G1 to the S phase during cell division, as CDK4

and CDK6 are important key drivers for the stimulation of cell cycle tran-

scription genes.5,6 In 2015, palbociclib was the first CDK4/6 inhibitor to

be approved by the Food and Drug Administration, as treatment for HR

+/HER2� ABC in combination with aromatase inhibitor (AI) or

fulvestrant as first- or next-line therapy. The European Medicines

Agency then approved palbociclib in November 2016 and in the

Netherlands palbociclib could be prescribed in an early access program in

2016 and was reimbursed from August 2017. Shortly thereafter two

more CDK4/6 inhibitors, ribociclib (May 2018) and abemaciclib

(September 2019), were reimbursed as well. All three CDK4/6 inhibitors

have shown a significant and clinically relevant improvement in

progression-free survival of 8.8 months over ET alone, as presented in a

pooled-analysis by Gao et al.7 In addition, in the clinical trials all CDK4/6

inhibitors showed an overall survival benefit.8-11

Recently, data from the German PRAEGNANT Registry has

reported that the use of CDK4/6 inhibitors in the second year beyond

reimbursement comprised 64% of first-line therapies.12 The propor-

tion of patients receiving CDK4/6 inhibitors in next-line therapy for

patients who were CDK4/6 inhibitor naïve was not reported. In a bud-

get impact analysis for the Netherlands, the total market size was

expected to be approximately 80% to 90% of newly diagnosed

patients with HR+/HER2� ABC as first- or second-line therapy.13

Whether CDK4/6 inhibitors plus ET is best given as first- or second-

line of palliative therapy is unclear and important issues to consider are

disease burden, efficacy, quality of life and costs.14 To compare these

strategies directly, the SONIA study is running in the Netherlands as of

November 2017. It is a multicenter randomized phase III study com-

paring AI plus CDK4/6 inhibition in first-line followed by fulvestrant in

second-line to AI in first-line followed by fulvestrant plus CDK4/6 inhi-

bition in second-line.15

Gaining insights into the implementation of CDK4/6 inhibitors in

real-life is important to learn how they are used in daily clinical prac-

tice. Therefore, we present an unselected real-world study evaluating

the implementation of CDK4/6 inhibitors among all patients systemi-

cally treated for HR+/HER2� ABC before and beyond reimburse-

ment in the Southeast of the Netherlands. Furthermore, we evaluate

changes in other treatment choices in HR+/HER2� ABC related to

the introduction of CDK4/6 inhibitors.

2 | METHODS

2.1 | Patients

Patients diagnosed with HR+/HER2� ABC in 2009 to 2018 were iden-

tified from the SOutheast Netherlands Advanced BREast cancer (SON-

ABRE) registry, NCT-03577197. In the SONABRE registry, all patients

diagnosed with ABC and aged above 18 years were included. Specially

trained registrars retrospectively collected information from medical files,

including patient and tumor characteristics, treatment details (surgery,

radiotherapy and [neo-]adjuvant and palliative systemic therapy) and

date and cause of death. The Medical Research Ethics Committee of

Maastricht University Medical Centre approved the registry (15-4-239).

For this present study, we selected patients who were systemically

treated for HR+/HER2� ABC in seven hospitals, including one aca-

demic, three teaching and three nonteaching hospitals. Follow-up was

collected in 2020, data-lock was on October 9, 2020.

2.2 | Definitions

HR status was classified as positive if the cancer cells had an estrogen

or progesterone receptor positivity of ≥10% of one or both receptors.

MEEGDES ET AL. 125



HER2 receptor status was defined negative in case of an immunohisto-

chemistry score of 0 or 1+ or a negative in situ hybridization result.

Receptor status of the last available biopsy was used, that is, biopsy of

metastasis, local recurrence or otherwise the primary tumor. Metastatic-

free interval was defined as the interval between the date of primary

breast cancer diagnosis and the date of diagnosis of metastatic disease.

De novo metastatic disease was defined as the diagnosis of metastatic

disease within 3 months from diagnosis of the primary tumor.

2.3 | Statistical analyses

The primary study goal was to evaluate the implementation of CDK4/6

inhibitors in two cohorts of HR+/HER2� ABC patients diagnosed before

and beyond reimbursement date of the first CDK4/6 inhibitor in the

Netherlands (August 2017). In the first cohort, patients with ABC diagnosis

from August 2017 until December 2018 were included and endpoints

were the 2-year rate of CDK4/6 inhibitor use beyond date of diagnosis,

and choices in first- and second-line therapy. In the second cohort, patients

with ABC diagnosis between 2009 and August 2017 and still alive and

CDK4/6 inhibitor naïve on August 1, 2017 were included; endpoints were

the 2-year rate of CDK4/6 inhibitor use beyond reimbursement date and

choice in first-given next line of therapy since reimbursement date. Patients

treated with CDK4/6 inhibitors in early access programs or clinical trials

before reimbursement were thus not included in the second cohort.

Contrarily, we did include patients treated in the CompLEEment-1

(NCT-02941926) or SONIA (NCT-03425838) trials beyond August 2017

in the cohorts. The cumulative use of a CDK4/6 inhibitor was assessed

using competing risk methodology, defining use of CDK4/6 inhibitors as

“event” and death without the use of CDK4/6 inhibitors as “competing

event.” Patients in follow-up were censored at the date of last update. The

number at risk consisted of patients still eligible for systemic therapy with-

out prior prescription of a CDK4/6 inhibitor. Two-year rates were

reported, in line with the follow-up period since August 2017.

The secondary study goal was to evaluate the treatment choices in the

first three lines of therapy in all patients diagnosedwith HR+/HER2� ABC

per calendar year from 2009 to 2018. We estimated the proportion of

patients starting a next line of therapy by using the Kaplan-Meier

F IGURE 1 Patient selection for the
evaluation of treatment choices and the
implementation of CDK4/6 inhibitors.
CDK4/6, cyclin-dependent kinase 4/6
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TABLE 1 Patient characteristics at time of advanced disease diagnosis for the total group of patients systemically treated for HR+/HER2�
ABC, and for the cohorts of patients eligible for CDK4/6 inhibitors since the reimbursement date (August 2017) and diagnosed before and
beyond this date

Patient characteristics

Total group, ABC diagnosis

2009-2018 (n = 1407)

ABC diagnosis 2009-July

2017 (n = 417)

ABC diagnosis August

2017-December 2018 (n = 214)

Sex, female 1395 (99) 413 (99) 213 (100)

Age (y), median (range) 66.1 (29-98) 66.2 (32-98) 66.7 (29-91)

WHO performance statusa

0-2 1051 (95) 339 (97) 183 (92)

3-4 56 (5) 9 (3) 16 (8)

Unknown 300 66 12

Comorbidities

Any 806 (57) 235 (56) 125 (58)

Pulmonary 137 (10) 38 (9) 29 (14)

Cardiovascular 547 (39) 154 (37) 81 (38)

Cerebrovascular 105 (8) 33 (8) 21 (10)

Other malignancy 119 (9) 34 (8) 17 (8)

Histology

Ductal carcinoma 1012 (75) 301 (75) 157 (76)

Lobular carcinoma 318 (23) 93 (23) 45 (22)

Other 27 (2) 10 (2) 5 (2)

Unknown 50 13 7

Hormone receptor status

ER positive 1402 (100) 417 (100) 214 (100)

PR positive 870 (62) 282 (68) 125 (58)

Initial metastatic sites

Nonvisceral 1215 (86) 365 (88) 185 (86)

Bone only 457 (33) 157 (38) 72 (34)

Soft tissue 481 (34) 150 (36) 71 (33)

Visceralb 739 (53) 174 (42) 110 (51)

Lung 297 (21) 74 (18) 36 (17)

Liver 362 (26) 67 (16) 58 (27)

Pleura 210 (15) 56 (13) 41 (19)

Central nervous system 52 (4) 13 (3) 5 (2)

Initial number of metastatic sites

1 652 (46) 221 (53) 104 (48)

2 410 (29) 113 (27) 68 (32)

≥3 345 (25) 83 (20) 42 (20)

Metastatic-free intervalc

De novo (<3 mo) 355 (25) 116 (28) 51 (24)

3-23 mo 118 (8) 22 (5) 18 (8)

≥24 mo 934 (66) 279 (67) 145 (68)

Prior (neo-)adjuvant therapyd

Endocrine therapy 741 (70) 184 (61) 79 (48)

Chemotherapy 502 (47) 127 (42) 117 (72)

Note: Data given as number (%) unless otherwise indicated.

Abbreviations: ABC, advanced breast cancer; CDK4/6, cyclin-dependent kinase 4/6; ER, estrogen receptor; HER2, human epidermal growth factor

receptor 2; HR, hormone receptor; PR, progesterone receptor; WHO, World Health Organization.
aWHO performance status is measured on a 5-point scale, WHO 0 indicates no restrictions in activity and higher numbers indicate increasing inability.
bVisceral metastases: liver, lung, pleura, peritoneal and/or gastrointestinal metastases.
cMetastatic-free interval is defined as interval between date of breast cancer and date of ABC diagnosis.
dAmong patients with recurrent metastases (excluding patients with de novo ABC).
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methodology, using line of therapy as time variable. Chi-square test for

trend was used to study trends in treatment choices over the calendar

years.

3 | RESULTS

3.1 | Patient characteristics

Of 1481 patients diagnosed with HR+/HER2� ABC, 1407 (95%)

patients were systemically treated and included in the analyses

(Figure 1). Of the patients eligible for CDK4/6 inhibitors since reim-

bursement date, 214 patients were diagnosed with ABC beyond,

and 417 patients before the reimbursement date of CDK4/6 inhibi-

tors. In the total group, median age was 66.1 years (range, 29-98),

95% of patients had a WHO performance status of 0 to 2, and 57%

had coexisting morbidities at ABC diagnosis (Table 1). Of all

patients, 25% had de novo metastatic disease, 8% a metastatic-free

interval of 3 to 24 months and 66% a metastatic-free interval over

24 months.

3.2 | Patients with ABC diagnosis beyond
reimbursement

Among the 214 patients with ABC diagnosis beyond August 2017,

median follow-up time was 25 months (interquartile range, 21-29).

The cumulative use of CDK4/6 inhibitors at 2 years beyond ABC

diagnosis was 50% (95% confidence interval [CI] = 43-57)

(Figure 2A). Another 17% (95% CI = 12-23) of patients had died

without CDK4/6 inhibitor use at 2 years beyond diagnosis

(Figure S1). At last follow-up, 69 patients (32%) were alive and did

not receive treatment with CDK4/6 inhibitors (yet), including

47 patients (22%) still receiving first-line therapy.

In first-line therapy, 31% of patients received a CDK4/6 inhibitor,

57% ET and 12% chemotherapy (Figure 2B). Of CDK4/6 inhibitor naïve

patients who started second-line therapy during follow-up (n = 71),

44% received a CDK4/6 inhibitor, 38% ET and 18% chemotherapy.

Among this cohort, 16 patients (7%) were enrolled in the SONIA study.

3.3 | Patients with ABC diagnosis before
reimbursement

In 417 eligible patients with ABC diagnosis between 2009 and

August 2017, the number of prior lines of palliative therapy was

1 (range, 0-10), and of them 18% had a previous line with chemother-

apy. At 2 years beyond reimbursement date, the cumulative use of

CDK4/6 inhibitors in this cohort was 31% (95% CI = 27-36)

(Figure 3A). Another 27% (95% CI = 23-32) died without CDK4/6

inhibitor use (Figure S2). At last follow-up, 105 patients (25%) were

alive and did not switch systemic therapy since August 2017, including

72 patients (17%) receiving first-line therapy.

In 248 patients (59%), a new line of therapy was started between

August 2017 and the end of follow-up. As first-given new line of ther-

apy since reimbursement date, CDK4/6 inhibitors were started in

46% of patients, ET in 36%, mTOR inhibitor in 3% and chemotherapy

in 15% (Figure 3B). Findings were not dependent on period of ABC

diagnosis (data not further shown).

3.4 | Treatment choices for first three lines
of therapy in all patients

In the total group of systemically treated HR+/HER2� ABC patients,

83% received a second-line therapy and 67% a third-line. The use of che-

motherapy as first-line therapy decreased from 29% (95% CI = 21-38) in

2009 to 13% (95% CI = 8-19) in 2018 (P for trend <.001) and as sec-

ond-line therapy from 26% (95% CI = 16-39) in 2010 to 19%

F IGURE 2 The use of CDK4/6 inhibitors in patients diagnosed with HR+/HER2� ABC since August 2017. (A) Cumulative use of CDK4/6
inhibitors since date of ABC diagnosis by competing risk methodology. (B) First-line treatment choice for all patients (n = 214), and second-line
treatment choice for CDK4/6 inhibitor naïve patients (n = 71). ABC, advanced breast cancer; CDK4/6, cyclin-dependent kinase 4/6; CDK4/6i,
CDK4/6 inhibitors; ET, endocrine therapy; HER2, human epidermal growth factor receptor 2; HR, hormone receptor [Color figure can be viewed
at wileyonlinelibrary.com]
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(95% CI = 12-28) in 2018 (P for trend = .07) (Figure 4). The use of endo-

crine monotherapy decreased in all three lines of therapy (P for trend

≤.001). Regarding mTOR inhibitor use in second-line, we observed the

highest uptake in 2014 (28%), afterward gradually decreasing over time.

For 2018, the first year CDK4/6 inhibitors were widely available, their

prescriptions covered 33% of all first-line therapies, 48% of all second-

line therapies and 16% of all third-line therapies.

4 | DISCUSSION

This study has presented real-world data on the implementation of

CDK4/6 inhibitors in patients diagnosed with HR+/HER2� ABC in the

Southeast of the Netherlands. In patients diagnosed since the reimburse-

ment of CDK4/6 inhibitors, the implementation rate was 50% within

2 years beyond ABC diagnosis, and 31% of first-line therapies. Of patients

P value for trend:
First line Second line Third line

Chemotherapy <.001 .07 .52 

Endocrine + mTOR .29 .50 .16 

Endocrine + CDK4/6i <.001 <.001 <.001 

Endocrine alone .001 <.001 <.001 

F IGURE 4 Treatment choices in all patients diagnosed with HR+/HER2� ABC from 2009 until 2018 per calendar year in first, second and
third line of therapy. Treatment choices are shown from 2010 in second-line and from 2011 in third-line to present a representative distribution
of patients in next-line treatment. ABC, advanced breast cancer; HER2, human epidermal growth factor receptor 2; HR, hormone receptor [Color
figure can be viewed at wileyonlinelibrary.com]

F IGURE 3 The use of CDK4/6 inhibitors since the reimbursement date in patients diagnosed with HR+/HER2� ABC between 2009 and
August 2017, and alive on August 1, 2017. (A) Cumulative use of CDK4/6 inhibitors since reimbursement date by competing risk methodology.
(B) First-given new line of therapy since reimbursement date in patients that switched systemic therapy (n = 248). ABC, advanced breast cancer;
CDK4/6, cyclin-dependent kinase 4/6; CDK4/6i, CDK4/6 inhibitors; ET, endocrine therapy; HER2, human epidermal growth factor receptor 2;
HR, hormone receptor; mTOR, mTOR inhibitors [Color figure can be viewed at wileyonlinelibrary.com]
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diagnosed before reimbursement and still able to receive a CDK4/6 inhibi-

tor, about 30% received it in 2 years following reimbursement. With the

implementation of targeted therapy, we observed a clinically relevant

reduction in the use of chemotherapy in the initial two lines of therapy.

The implementation rate in patients with ABC diagnosis since

reimbursement as presented here is now 50% within the first 2 years

beyond diagnosis, but might increase when the quarter of patients still

on first-line therapy will start their second-line. In eligible patients

who did proceed to next line, we observed that 45% received

CDK4/6 inhibitors. Also relevant, the budget impact analysis for the

Netherlands did not take into account the use of CDK4/6 inhibitors in

patients diagnosed before reimbursement, while in absolute numbers

this represents about half of the patients who started with CDK4/6

inhibitors therapy in this real-world study.13 Nevertheless, this is a

phenomenon for the transitional period of the first years following on

reimbursement. It is expected that eventually CDK4/6 inhibitors will

be mainly used as first- and second-line therapy.16 Longer follow-up

time is needed to find out the eventual market size of CDK4/6 inhibi-

tors. We expect that anticipated market size of 80% to 90% in the

Netherlands is not realistic. The National Institute for Health and Care

Excellence in the United Kingdom estimated a market share for

CDK4/6 inhibitors of 60% of HR+/HER2� ABC patients, which is

more realistic to achieve at current pace.17

It is perhaps unexpected that 57% of first-line therapies consist of

endocrine monotherapy in patients diagnosed beyond reimbursement

against 31% being CDK4/6 inhibitors. Contrary to international guide-

lines, where CDK4/6 inhibitors are advised in first or second line of

therapy, it is important to note that the Dutch Society of Medical

Oncology had recommended CDK4/6 inhibitors for second-line in

patients with low-aggressive HR+/HER2� ABC, while awaiting the

results of the Dutch SONIA trial on the preferred position of CDK4/6

inhibitor use.18,19 Although only 7% of patients participated in the

SONIA trial, we think that the statement of the Dutch Society of Medi-

cal Oncology advising CDK4/6 inhibitors in second-line is reflected in

the results of this real-world study with a low CDK4/6 prescription rate

in first-line. Other possible reasons for low uptake in first-line could

be the toxicity profile and monitoring requirements in patients with

comorbidities, higher age or low-burden disease, or a slow market

penetration.20 Market penetration, that is, the actual use of the

therapy as a rate of patient access, depends on several factors, such

as budget allocations, integration in health care guidelines and pre-

scriber awareness. In Europe, market access of new available thera-

pies varies greatly between countries.21 However, as an estimated

total of 60% may now receive CDK4/6 inhibitors as either first- or

second-line therapy, while about one in six patients never reach a

second-line and one in three never reach a third-line therapy, the

delay of CDK4/6 inhibitors to later lines might be regretted.

In our cohort, we observed a statistically significant declined

use of chemotherapy as first-line therapy with the implementation

of targeted therapies. The use of chemotherapy in first-line

decreased from 29% in 2009 to 13% in 2018. In the French Epide-

miological Strategy and Medical Economics (ESME) cohort, first-

line palliative therapy in the period 2008 until 2014 was evaluated

for AI-sensitive patients, of them 44% received ET and 56% chemo-

therapy.22 After chemotherapy induction, 59% were treated with

endocrine maintenance therapy, also showing that the disease was

considered as endocrine-sensitive. In the German PRAEGNANT Regis-

try, the use of chemotherapy in first-line used to be 40% before the

registration of CDK4/6 inhibitors, and decreased to 25% in the second

year beyond registration.12 The use of chemotherapy differs thus

between countries and might lead to a different implementation pat-

tern of CDK4/6 inhibitors. The delay of chemotherapy is considered a

relevant aim for HR+/HER2� ABC patients, as it may generally be pos-

itive for a patients' quality of life. The greatest value of CDK4/6 inhibi-

tors may therefore be the reduced use of chemotherapy in ABC

patients in addition to the prolonged overall survival.

The use of real-world data is a strength of our study, as it is of

great value to facilitate insights into implementation in daily clinical

practice. We have evaluated the implementation rates in patients diag-

nosed with advanced disease both before and beyond registration of

CDK4/6 inhibitors, emphasizing physicians' treatment strategies in both

groups. We specifically chose to assess the implementation rates with a

competing risk methodology with death as competing risk to prevent

an overestimation of the use of CDK4/6 inhibitors as opposed to a

Kaplan-Meier estimate. Our findings can be used to estimate the mar-

ket size of future new therapies. Similarly, our results provide useful

feedback to physicians to reflect on their treatment strategies. How-

ever, our study has certain limitations, inherent to its observational

design, which may have interfered with the quality of the data gener-

ated. Furthermore, the regional study cohort may be a limitation for the

generalizability of the study, since it is unknown how it translates

nationally and to other countries. Notwithstanding, for collecting data

on implementation, our registry is highly useful and currently the first

thoroughly reporting the implementation rates. Longer follow-up is

needed to evaluate the implementation of CDK4/6 inhibitors during

the first years of advanced disease. The use of CDK4/6 inhibitors is

expected to grow by increasing market penetration.

5 | CONCLUSION

Two years after the implementation of CDK4/6 inhibitors for HR

+/HER2� disease, 50% of newly diagnosed patients received

CDK4/6 inhibitors. The implementation rate is expected to further

increase. Since 2009, we observe a decreased use of chemotherapy

as first-line therapy.
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