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Abstract
Purpose  Palbociclib is approved in 1st line for hormone receptor (HR)-positive HER2-negative advanced breast cancer 
(ABC). A Compassionate Access Programme previously allowed patients to receive it in 4th line. However, Palbociclib has 
not been specifically tested in this population. We aimed to determine the safety and efficacy profile of Palbociclib within 
the Programme across ten institutions in the United Kingdom.
Methods  We retrospectively identified HR-positive HER2-negative ABC patients on the Programme between December 
2015 and September 2017. Demographics, disease characteristics, prior treatments, blood tests, toxicities, treatment delays 
and responses were recorded. Simple statistics, Fisher’s exact test, χ2 method and Cox regression were used.
Results  118 patients identified had a median age of 59. 82.2% were postmenopausal and 92.4% performance status 0–1. 
81.4% had visceral involvement and 6.8% bone-only disease after a median of 5 prior treatments and 3 prior chemotherapies. 
Clinical benefit rate was 47.5%, overall response rate 15.8%, median PFS 4.5 months and median OS 15.8 months. Longer 
progression-free survival on prior endocrine therapy was a predictor of longer PFS and OS. 89.7% developed neutropenia 
(grade ≥ 3 in 56.8%). 5.1% experienced febrile neutropenia. 48.3% had dose reductions and 3.4% discontinued Palbociclib 
following toxicity. No statistically significant difference in grade ≥ 3 neutropenia was observed according to metastatic sites 
nor previous treatments.
Conclusions  This is the most extensive analysis of palbociclib in ≥ 4th-line setting. Clinical benefit was confirmed particu-
larly for endocrine-sensitive, predominantly bony disease and in earlier lines of treatment. Safety was similar to PALOMA 
trials with higher febrile neutropenia rate.
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Introduction

Resistance to endocrine therapy has been a major hur-
dle in the management of metastatic oestrogen receptor 
(ER)-positive, human epidermal growth factor receptor 2 
(HER2)-negative breast cancer, leading to treatment fail-
ure and progression of disease for patients [1]. However, 
many cases of ER-positive, HER2-negative breast can-
cer continue to be hormone dependent even upon disease 
progression on hormonal treatment and may respond to 
additional endocrine therapies. The possibility of con-
tinuing to target the hormone receptor is appealing since 
endocrine therapy is very likely to be beneficial for these 
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patients, with fewer side effects compared with chemo-
therapy [2].

Research has focused on developing new strategies to 
overcome endocrine resistance and prolonging progres-
sion-free survival (PFS) on endocrine treatments. One 
such strategy has been the addition of the cyclin-depend-
ent kinase (CDK)4/6 inhibitor palbociclib to conven-
tional endocrine therapy. Palbociclib acts by inhibiting 
the interaction of cyclins 4 and 6 with cyclin D, thereby 
preventing the hyperphosphorylation of retinoblastoma 
(Rb) and preventing the cell from progressing through the 
G1 checkpoint [3]. Palbociclib was designated a ‘break-
through therapy’ by the Food and Drug Administration 
(FDA) in 2013, and was subsequently licenced to be given 
in combination with an aromatase inhibitor [4] and ful-
vestrant [5] for the first- and second-line treatments of 
advanced ER-positive, HER2-negative metastatic breast 
cancer.

The FDA approval for the combination of palbociclib 
with an aromatase inhibitor as a first-line treatment in 
metastatic ER-positive breast cancer followed the results 
of the phase 2 PALOMA-1 and the phase 3 PALOMA-2 
studies [6, 7]. The PALOMA-2 trial, which enrolled 666 
postmenopausal women with advanced ER-positive, 
HER2-negative advanced breast cancer, showed a signifi-
cant improvement of the median PFS to 24.8 months in 
the combination arm versus 14.5 months in the endocrine 
treatment alone arm [7]. The combination of palbociclib 
with fulvestrant in second line was approved by the FDA 
based on the PALOMA-3 trial findings, which confirmed 
improved PFS at 9.2 months in the combination arm 
compared to 3.8 months in the endocrine treatment alone 
group [8, 9]. Common side effects of palbociclib seen 
in trials are neutropenia, leukopenia, fatigue, nausea and 
alopecia [10]. Grade 3–4 neutropenia occurred in 66.4% 
and 62.0% of patients enrolled in the PALOMA-2 and 
PALOMA-3 studies, respectively, whereas febrile neu-
tropenia was experienced by 1.8% and 0.6% of patients 
[7–9].

The experience of an Expanded Access Programme 
previously available in Northern America as an interim 
measure to provide patients suitable for letrozole as first 
or later line of therapy access to palbociclib before com-
mercial availability has been reported [11]. In the mean-
time, in the United Kingdom, a Compassionate Access 
Programme (CAP) allowed patients with advanced ER-
positive HER-negative breast cancer who have progressed 
on at least four lines of treatment to access palbociclib 
in combination with standard endocrine treatment. To 
date, however, no trials have established the toxicity and 
efficacy in this heavily pretreated patient population. We 
therefore evaluated the efficacy and the safety profile of 
palbociclib within the UK CAP.

Methods

The primary aim of our analysis was to assess the efficacy 
and safety of palbociclib given along with endocrine treat-
ment within the fourth-line setting and beyond in terms of 
clinical benefit rate (CBR) and rate of grade ≥ 3 neutrope-
nia. Secondary endpoints were efficacy outcomes (includ-
ing overall response rate [ORR], progression-free survival 
[PFS] and overall survival [OS]), and further safety data 
(including: rates of other adverse events [AEs] such as 
neutropenia of any grade, anaemia, thrombocytopenia, 
stomatitis, diarrhoea, nausea, fatigue, skin rash, deranged 
liver function and infections; rate of dose reductions).

We identified a list of centres participating in the Pfizer 
Palbociclib Compassionate Access Programme (CAP) that 
enrolled patients in the United Kingdom between Decem-
ber 2015 and September 2017. Ten different Institutions 
agreed to participate in the analysis and each centre retro-
spectively identified HR-positive HER2-negative advanced 
breast cancer patients who commenced Palbociclib within 
the CAP.

Eligible breast cancer patients were required to meet 
the following criteria: disease progression on at least four 
previous lines of standard-of-care therapy for metastatic 
disease (apart from trial treatments); non-eligibility for 
ongoing palbociclib clinical trials; adequate bone mar-
row, renal and liver function; no concurrent medications 
inhibiting/inducing CYP3A4 or CYP3A4 substrates with 
narrow therapeutic window or prolonging QTc interval; no 
prior surgery, systemic treatment or radiotherapy within 
two weeks before treatment initiation; QTc interval meas-
ured ≤ 480 ms; no family history or personal history of 
long or short QT syndrome, Brugada syndrome, QTc 
prolongation or torsade de pointes; no prior myocardial 
infarction, severe or unstable angina, cardiac dysrhythmias 
of NCI CTCAE grade ≥ 2, atrial fibrillation, coronary/
peripheral artery bypass graft, symptomatic congestive 
heart failure, cerebrovascular accident or symptomatic pul-
monary embolism within six months; no known hypersen-
sitivity to the product; no suicidal ideation or behaviour.

Enrolled patients received palbociclib as 75, 100 or 
125 mg capsules to be taken with food and administered 
orally daily at a starting dose of 125 mg per day on a 3 
weeks on, 1 week off schedule (i.e. for 21 days followed 
by 7 days off treatment for each 28-day cycle). Palboci-
clib was given along with endocrine treatment according 
to physician’s choice and choices may include aromatase 
inhibitors (letrozole, anastrozole or exemestane), ful-
vestrant or tamoxifen with or without ovarian function 
suppression.

Patient demographics including age, menopausal sta-
tus and Eastern Cooperative Oncology Group (ECOG) 
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performance status (PS) were recorded, along with sites 
of disease. Prior treatments and their duration were also 
registered, along with data regarding endocrine treatment 
companions, blood test results over the first 3 months of 
treatment, radiological tumour assessments, toxicities, pal-
bociclib dose reductions and delays.

We used simple statistics to describe the rates of AEs 
(with comparison among different subgroups), discon-
tinuation, dose delays and disease response (according 
to RECIST). Fisher’s exact test or χ2 method were used 
as appropriate. PFS and Overall survival were calculated 
using the Kaplan–Meier method. Median PFS and over-
all survival will be presented with 95% confidence inter-
vals. The rates of PFS and overall survival at 12 and 24 
months were also reported. Comparisons of PFS and over-
all survival between different patient groups (number of 
prior lines of therapy, disease sites) were made using Cox 
regression to explore if there are differences in rates of 
disease progression and death between the groups. Hazard 
ratios with 95% confidence intervals were reported.

Results

Study population

118 patients received palbociclib within the CAP within 
ten participating Institutions across the UK between 
December 17th, 2015 and September 27th, 2017.

Baseline patient demographics and disease characteris-
tics are summarized in Table 1. Median age was 59 years 
(range 32–82) and 37 patients (31.3%) were aged 65 
and older. 97 patients (82.2%) were postmenopausal. 96 
patients had visceral disease (81.4%), 8 (6.8%) had bone-
only disease and only 1 patient had nodal/chest wall dis-
ease only. This patient population was heavily pretreated, 
with 114 (96.6%) patients having previously received four 
or more lines of treatment in the advanced setting (includ-
ing endocrine therapy and chemotherapy). Three patients 
(3.4%) were granted access to the CAP after receiving only 
3 prior lines of palliative treatment as they developed a 
relapse on adjuvant endocrine therapy. 75 patients (63.6%) 
had 3 or more prior lines of palliative chemotherapy. 66 
patients (55.9%) had previously 3 or more lines of pallia-
tive endocrine therapy, and the median duration of their 
last line of endocrine therapy was 6 months (range 1–96). 
Palbociclib was given alongside an aromatase inhibitor 
in 57 patients (48.3%), with fulvestrant in 56 patients 
(47.5%), and with tamoxifen in 5 patients (4.2%). 13 
patients (11.0%) received concomitant ovarian function 
suppression.

Efficacy evaluation

Overall, the median duration of palbociclib was 119 days 
(range 21–594). At the time of the analysis in May 2018, 12 
patients (10.2%) were still on treatment. Among 101 patients 

Table 1   Patient characteristics

a Premenopausal patients received either Tamoxifen alone or endo-
crine therapy with ovarian function suppression

Variables N %

Age
 Median (range)_ 59 (32–82)
 65+ 37 31.3

Menopausal status
 Premenopausala 16 13.6
 Perimenopausal 5 4.2
 Postmenopausal 97 82.2

ECOG performance status
 0 38 32.2
 1 71 60.2
 2 9 7.6

Sites of disease
 Bones 100 84.7
 Visceral 96 81.4
 Nodes 63 53.4
 Chest wall/skin 24 20.3
 Bone only 8 6.8
 Nodal/chest wall/skin only 1 0.8

Prior systemic Rx lines
 3 4 3.4
 4–6 79 66.9
 7–9 28 23.7
 10–11 7 5.9

Prior endocrine Rx lines (including maintenance and rechallenges)
 None 2 1.7
 1–2 50 42.4
 3–5 64 54.2
 6–7 2 1.7

Prior chemo lines
 None 6 5.1
 1–2 37 31.3
 3–5 63 53.4
 6–8 12 10.2

Duration of prior endocrine Rx (months)
 Median 6 (1–96)
 Mean 10.5

Endocrine agent companion
 Tamoxifen 5 4.2
 AI 57 48.3
 Fulvestrant 56 47.5

Ovarian function suppression 13 11.0
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who received a first radiological tumour assessment at a 
median of 3 months, one patient had a complete response, 
15 (14.8%) had a partial response, 32 (31.7%) had stable 
disease and 53 (52.5%) had disease progression. As shown in 
Table 2, ORR was 15.8% and CBR was 47.5% at 12 weeks.

Median PFS was 4.5 months (95% confidence interval 
[CI] 3.7–5.9) in the overall population. Median PFS was 
longer in patients who had received less than 3 prior lines 
of chemotherapy compared to more heavily pretreated 
patients (5.9 months [95% CI 3.7–11] vs 4.3 months [95% 
CI 3.3–5.5], p 0.159), despite this was not statistically sig-
nificant (Table 3). No significant difference in median PFS 
was detected in patients who had received less than 3 lines of 
prior endocrine therapy compared to those treated with more 
lines (4.5 months [95% CI 3.0–5.5] vs 5.8 months [95% CI 
3.6–7.4], p 0.327). Although the number of patients with 
bone-only disease was very small, they had a statistically 
significantly longer median PFS compared to those with 
other sites of disease (11.0 months [95% CI 2.3-not reached] 
vs 4.4 months [95% CI 3.6–5.5], p 0.024). Similarly, patients 
with visceral disease had a significantly shorter median PFS 
compared to those without any evidence of visceral involve-
ment (3.9 months [95% CI 3.4–4.9] vs 11.0 months [95% 
CI 7.4–17.6], p 0.002). Patients free from disease progres-
sion for more than 6 months on their previous line of endo-
crine therapy experienced a longer median PFS compared 
to those who remained on prior endocrine therapy for a 
shorter period of time and this finding neared statistical sig-
nificance (5.9 months [95% CI 4.4–8.0] vs 3.7 months [95% 
CI 2.8–4.5], p 0.055). Kaplan–Meier estimates for PFS and 
OS are illustrated in Figs. 1 and 2.

In the overall population, median OS was 15.8 months 
(95% CI 13.3–18.7). Median OS was longer in patients 
who had received less than 3 prior lines of chemother-
apy compared to more heavily pretreated patients (not 
reached (NR) [95% CI 15.4-NR] vs 13.4 months [95% 
CI 9.5–17.7], p 0.016). Likewise, median OS was longer 
in patients with bone-only involvement compared to 
those with other sites of metastatic disease (NR [95% CI 

13.4-NR] vs 15.2 months [95% CI 12.8–18.3], p 0.048). 
Moreover, median OS was longer in patients achieving a 
progression-free interval on their previous line of endo-
crine therapy greater that 6 months compared to those 
progressing earlier (18.1 months [95% CI 13.0-NR] vs 
14.4 months [95% CI 7.7–18.3], p 0.052). At 18 months 
of follow-up, 44.5% were alive (95% CI 34.4–54.1). The 
18-month OS rate was also significantly higher in patients 
who had received less than 3 prior lines of chemotherapy 
compared to more heavily pretreated patients (Table 3).

Table 2   Radiological responses at first radiological assessment at 3 
months

N %

Clinical benefit rate 48 47.5
Overall response rate 16 15.8
Complete response 1 1.0
Partial response 15 14.8
Stable disease 32 31.7
Disease progression 53 52.5

Table 3   Progression-free and overall survival

Outcome 95% CI p value

Median PFS
 Overall 4.5 months 3.7–5.9 –
 < 3 chemo lines 5.9 months 3.7–11.0 0.159
 3 + chemo lines 4.3 months 3.3–5.5
 < 3 ET lines 4.5 months 3.3–5.5 0.271
 3 + ET lines 5.8 months 3.6–7.4
 Bone only 11.0 months 2.3–NR 0.024
 Non-bone only 4.4 months 3.6–5.5
 Visceral only 3.9 months 3.4–4.9 0.002
 Non-visceral only 11.0 months 7.4–17.6
 Prior ET < 6 months 3.7 months 2.8–4.5 0.055
 Prior ET ≥ 6 months 5.9 months 4.4–8.0

6-month PFS rate
 Overall 41.0% 32.0–49.8 –
 Bone only 87.5% 38.7–98.1 0.024
 Non-bone only 37.5% 28.4–46.6

Median OS
 Overall 15.8 months 13.3–18.7 –
 < 3 chemo lines NR 15.4-NR 0.016
 3 + chemo lines 13.4 months 9.5–17.7
 < 3 ET lines 14.2 months 8.4–18.7 0.134
 3 + ET lines 17.7 months 13.3–NR
 Bone only NR 13.4–NR 0.048
 Non-bone only 15.2 months 12.8–18.3
 Visceral only 14.2 months 10.6–18.0 0.002
 Non-visceral only NR 15.7-NR
 Prior ET < 6 months 14.4 months 7.7–18.3 0.052
 Prior ET ≥ 6 months 18.1 months 13.0-NR

18-month OS rate
 Overall 44.5% 34.4–54.1 –
 < 3 chemo lines 60.3% 42.4–74.2 0.016
 3 + chemo lines 35.2% 23.5–47.1
 Bone only 75.0% 31.5–93.1 0.048
 Non-bone only 42.0% 31.6–52.1
 Visceral 38.3% 27.4–49.1 0.003
 Non-visceral 69.5% 44.2–85.0
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Safety evaluation

Safety findings are presented in Table 4. In the overall popu-
lation, 68 patients (57.6%) experienced grade 3–4 AEs (all 
causes). The most common AEs (experienced by > 20% of 

the overall population) were neutropenia (89.7%), anaemia 
(66.9%), fatigue (53.4%), thrombocytopenia (50.0%) and 
deranged liver function (32.2%). Grade 3–4 AEs included 
neutropenia (56.8%), thrombocytopenia (9.3%), transamini-
tis (5.1%), anaemia (4.2%), fatigue (1.7%), nausea (1.7%), 
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Fig. 1   Kaplan–Meier curve for PFS in the overall population and according to previous lines of chemotherapy, previous lines of endocrine ther-
apy, presence of bony metastases, presence of visceral involvement and duration of previous endocrine therapy
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stomatitis (0.8%) and diarrhoea (0.8%). Infections requiring 
antibiotics occurred in 28 patients (23.7%) and febrile neu-
tropenia in 6 (5.1%).

At least one dose reduction was required in 57 patients 
(48.3%). The final dose administered was 100 mg for 48 

patients (40.7%) and 75 mg for 9 patients (7.6%). Out of 57 
patients requiring a lower dose of palbociclib, dose reduc-
tions were due to haematologic toxicity in 46 (80.7%). Dose 
delays were required in 58 patients (49.1%) with a median 
7 days of delay (range 0–56). Treatment was discontinued 
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Fig. 2   Kaplan–Meier curve for OS in the overall population and according to previous lines of chemotherapy, previous lines of endocrine ther-
apy, presence of bony metastases, presence of visceral involvement and duration of previous endocrine therapy
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owing to toxicity in only 4 patients (3.4%) (prolonged grade 
3 neutropenia in two cases) and to disease progression in 
102 (86.4%). The rates of grade 3–4 neutropenia were not 

influenced by number of previous lines of chemotherapy 
nor by sites of metastatic involvement as shown in Table 5.

Discussion

CDK4/6 inhibitors have reshaped the therapeutic landscape 
for advanced ER-positive, HER2-negative breast cancer. 
Palbociclib has been extensively investigated in the first- 
and second-line settings in the PALOMA-2 and PALOMA-3 
studies [7–9]. However, there are no data regarding its effi-
cacy and safety in later lines of treatment.

Our study is the most comprehensive analysis of out-
comes of palbociclib in the fourth-line setting and beyond, 
although it has some limitations. First, this analysis was 
retrospective and therefore may be affected by reporting 
bias. Secondly, despite the median time to the first radio-
logical assessment was 3 months, restaging was conducted 
according to local routine practice and physician’s judge-
ment, which is likely to have influenced the response rate 
analysis. Nonetheless, our analysis suggests that palbociclib 
remains a potentially effective treatment option in later lines 
of treatment.

These findings are particularly relevant to patients more 
likely to have endocrine-sensitive disease, such as predom-
inantly bony metastatic involvement, fewer lines of prior 
chemotherapy and longer progression-free interval to previ-
ous hormonal treatment. In this population, there is a poten-
tial of maximizing the chances of long-term disease control 
with CDK4/6 inhibition and to defer the time to more inten-
sive and potentially less well-tolerated forms of treatment 
such as chemotherapy.

Palbociclib is an important treatment option for patients 
who did not have the opportunity to receive CDK4/6 inhibi-
tors in the first two lines of treatment as these drugs were not 
previously available. Further, palbociclib may be particularly 
important for older patients [12], who are more likely to 
experience toxicities from cytotoxic treatment.

The safety profile of palbociclib in this setting was con-
sistent with the findings of the PALOMA trials [7–9]. The 
main toxicity of palbociclib remained myelosuppression 

Table 4   Adverse events

N %

Neutropenia
 Any grade 105 89.7
 Grade 3–4 67 56.8 (95% 

CI 45.1–
73.0)

 Febrile neutropenia 6 5.1
Anaemia
 Any grade 79 66.9
 Grade 3–4 5 4.2

Thrombocytopenia
 Any grade 59 50.0
 Grade 3–4 11 9.3

Stomatitis
 Any grade 20 16.9
 Grade 3–4 1 0.8

Diarrhoea
 Any grade 9 7.6
 Grade 3–4 1 0.8

Nausea
 Any grade 23 19.5
 Grade 3–4 2 1.7

Fatigue
 Any grade 63 53.4
 Grade 3–4 2 1.7

Skin rash
 Any grade 4 3.4
 Grade 3–4 0 0

Deranged LFTs
 Any grade 38 32.2
 Grade 3–4 6 5.1

Infections requiring Abx while on 
Palbociclib

28 23.7

Dose reductions 57 48.3
Lowest dose of Palbociclib given
 125 mg 61 51.6
 100 mg 48 40.7
 75 mg 9 7.6

Reason for dose reduction
 Hematologic toxicity 46 80.7
 Non-hematologic toxicity 11 19.3

Dose delays (days)
 Median 7 (0–56)
 Proportion 58 49.1

Reason for discontinuation
 Toxicity 4 3.4
 PD 97 82.2

Table 5   Grade 3–4 neutropenia rates in different subgroups

1–2 previous chemotherapy lines 22 51.2 0.351
3 + previous chemotherapy lines 45 60.0
1–2 previous endocrine therapy lines 33 63.5 0.193
3 + previous endocrine therapy lines 34 51.5
Visceral involvement 54 56.2 0.808
No visceral involvement 13 59.1
Bone only 6 75.0 0.281
No bone only 61 55.4
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resulting in neutropenia and leukopenia, whereas anaemia 
and thrombocytopenia were less common. Overall, recov-
ery from these side effects is prompt with dose delays or 
reductions. Nonetheless, the higher incidence of febrile 
neutropenia in our population needs to be carefully con-
sidered especially since these patients may be more likely 
to experience bone marrow suppression also as a conse-
quence of more diffuse bony metastatic involvement or of 
previous myelosuppressive treatments. The treatment dis-
continuation rate due to toxicity remained low and is con-
sistent with the data from PALOMA-2 and PALOMA-3 
trials. Moreover, a patient-reported outcomes analysis of 
the PALOMA-3 study demonstrated that patients on pal-
bociclib experience less reduction in global quality of life 
from baseline, along with a longer time to its deteriora-
tion compared to those on endocrine treatment alone [13]. 
Although our study did not report quality of life data, we 
hypothesize that this benefit is maintained in later lines 
of treatment. Our analysis also provided outcomes which 
are likely to apply to patients seen in everyday clinical 
practice and adds to the amount of real-world evidence 
confirming the safety and efficacy of CDK4/6 inhibitors 
[14–17].

Cytotoxic chemotherapy can provide ORRs of 10–20% 
with a median duration of response of 4–6 months [18–22] 
and can be associated with marked toxicities impacting on 
patients’ quality of life [23]. In our analysis, palbociclib pro-
vided an ORR of 15.8%, which is similar to the historical 
outcome with cytotoxic therapy, along with a CBR of 47.5% 
and a safety profile consistent with previous findings.

Attempts to identify predictive biomarkers to guide 
patient selection for CDK4/6 blockade have not yet been 
successful [24]. Extensive research on candidate biomark-
ers may provide future insight into patients who are likely to 
respond to this approach also in later lines of treatment [25, 
26]. Likewise, the ongoing studies on the mechanisms of pri-
mary and acquired resistance to CDK4/6 inhibition are likely 
to provide further guidance in decision-making [27, 28]. To 
this purpose, results from ongoing trials on combinations 
of inhibitors of the CDK4/6 and the PI3K–AKT–mTOR 
pathways are eagerly awaited in view of the profound cross-
talk existing between these systems [29]. Also, the results 
of the PHYTHIA study (NCT02536742) on pretreated 
patients receiving an extensive molecular profiling under the 
AURORA initiative [30] to identify biomarkers of response 
to palbociclib and fulvestrant are likely to provide useful 
information. Although our patient population was CDK4/6 
inhibition-naïve, the question of their use beyond progres-
sion is also being investigated by a number of ongoing tri-
als (NCT02632045 [MAINTAIN study], NCT02871791, 
NCT01857193, NCT02732119 [TRINITI-1 study] and 
NCT03147287 [PACE study]) that might provide further 
rationale for the use of CDK4/6 inhibitors in this setting.

In conclusion, our analysis shows that palbociclib remains 
a potentially effective and safe treatment option in later lines 
of systemic treatment, especially in patients whose disease 
maintains endocrine sensitivity. Interestingly, palbociclib 
was beneficial even to patients who had received more 
lines of chemotherapy and the number of previous lines of 
endocrine treatment did not impact on this finding. Further 
research on potential approaches to overcome endocrine 
resistance and more insight into the mechanisms of resist-
ance to CDK4/6 inhibition as well as the correct sequencing 
of treatment options are warranted and may help establish 
the role of palbociclib in more heavily pretreated patients.
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