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Abstract
Purpose  Over 40% of newly diagnosed metastatic breast cancer patients are ≥ 70 years old; however, this population is less 
likely to be represented in clinical trials. The objective of this study was to analyze PFS, dose reductions, dose delays, and 
toxicity in a geriatric population receiving palbociclib in a non-trial setting.
Methods  Patients with metastatic breast cancer receiving palbociclib in any line of therapy were identified from a cohort of 
845 patients at a large academic institution. Dose delays, dose reductions, and toxicities were retrospectively extracted from 
the medical record. Data were analyzed using Fischer’s exact test for categorized variables and T test/Wilcoxon rank-sum 
test for continuous variables. PFS and OS were analyzed using the Kaplan–Meier method.
Results  605 patients who met eligibility criteria were included. 160 patients were ≥ 65 years old and 92 patients were 
≥ 70 years old. Patients ≥ 70 had a significantly increased number of dose reductions (p = 0.03) and dose delays (p = 0.02) 
compared to the younger patients. There was no significant increase in toxicities, including neutropenic fever, infections, or 
hospitalizations, in the ≥ 70 cohort (p = 0.3). The ≥ 70 cohort had a significantly improved PFS as compared to the younger 
cohort (p = 0.02); however, age was no longer a significant variable in the multivariate analysis.
Conclusions  Palbociclib was well tolerated in the geriatric population and there was no difference in PFS between older 
and younger patients. These results are reassuring as palbociclib becomes the frontline standard of care therapy for patients.

Keywords  Metastatic breast cancer · CDK 4/6 inhibitors · Hormone receptor-positive breast cancer · Treatment toxicity

Introduction

Although cancer is commonly diagnosed in geriatric 
patients, this population is less likely to be represented in 
clinical trials due to comorbidities and poor performance 
status [1]. Furthermore, there may be concerns about poly-
pharmacy in geriatric patients with chronic medical condi-
tions [2]. As a result, the safety and efficacy data from large 
randomized clinical trials may not be generalizable to the 
general population [3]. There is a clear need for increased 
inclusion of geriatric patients in clinical trials and greater 
research efforts regarding efficacy and safety of emerging 
cancer treatments in this population [4].

Despite many recent advances in the field of oncology, 
metastatic breast cancer remains a significant cause of 

morbidity and mortality. There were an estimated 40,610 
estimated deaths due to breast cancer in the United States 
in 2017 [5]. Over 40% of newly diagnosed breast cancer 
patients are ≥ 70 years old and the incidence is expected to 
increase with the aging population [6]. Hormone receptor-
positive breast cancer remains the most common subtype 
of metastatic breast cancer and is commonly seen in older 
patients [7]. For many years, the standard therapy for these 
patients was endocrine therapy followed by chemotherapy 
when resistance occurred [8]. Recently, the development of 
cyclin-dependent kinase (CDK) 4/6 inhibitors has led to a 
changing landscape in metastatic hormone receptor-positive 
breast cancer [9].

Palbociclib is a small molecule inhibitor of CDK 4/6 
which regulates cell-cycle progression [10]. Early stud-
ies in human tumor xenografts showed inhibition of CDK 
4/6 results in tumor reduction [10]. Further studies showed 
palbociclib inhibited growth of estrogen receptor-positive 
cells and increased sensitivity to endocrine therapy in pre-
viously hormone-resistant cell lines [11]. Ultimately the 
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FDA granted accelerated approval to palbociclib in Febru-
ary 2015 based on the PALOMA-1 study which showed an 
improvement in median progression-free survival (PFS) with 
palbociclib plus letrozole over letrozole alone [12]. These 
findings were replicated in the larger phase3 PALOMA-2 
trial [13]. Palbociclib is now also approved for use with ful-
vestrant in the second-line setting following the results of 
the PALOMA-3 trial which found an improved PFS with 
addition of palbociclib and fulvestrant when compared to 
fulvestrant alone [14, 15]. Palbociclib is the most widely 
used CDK 4/6 inhibitor and has the longest follow-up data 
available in clinical series.

As an oral therapy, palbociclib is generally well toler-
ated and is an appealing option over cytotoxic chemotherapy 
[16]. One of the main side effects is neutropenia. Despite the 
high rates of neutropenia observed in the PALOMA stud-
ies, the incidence of neutropenic fever remained low. In the 
PALOMA-1 trial, the high incidence of neutropenia was not 
associated with serious infections [12]. Similarly, the rate 
of grade 3 and 4 neutropenia was 66.4% in the PALOMA-2 
trial; however, the rate of febrile neutropenia was only 1.8% 
[13]. There was no significant difference of grade 3 or higher 
infections between patients receiving palbociclib and those 
receiving placebo [13]. Although the PALOMA-3 safety 
analysis found that neutropenia was the most common grade 
3 (55%) and grade 4 (10%) adverse event, there was no dif-
ference in PFS among patients who had dose reductions or 
delays secondary to neutropenia [16].

However, these trials were composed largely of a younger 
population. The median age of the patients receiving palbo-
ciclib in the PALOMA-2 study was 62, and the majority of 
patients (59.2%) were younger than 65 years old [13]. The 
median age of the fulvestrant plus palbociclib cohort in the 
PALOMA-3 trial was 57 [15]. Although the rate of grade 
3–4 neutropenia was not significantly higher for the cohort 
over 70 years old in the PALOMA-3 trial, it is important to 
remember this cohort represented a smaller portion of the 
patients undergoing treatment [16].

In addition to being generally well tolerated on clinical 
trials, subgroup analyses of several trials have shown that the 
geriatric population has similar outcomes with palbociclib. 
In both the PALOMA-2 and PALOMA-3 trials, there was 
no difference in PFS in the subgroup analysis for the cohort 
of patients ≥ 65 years old and the younger cohort [13, 15]. 
The older cohort in PALOMA-3 had a slightly improved 
hazard ratio of 0.35 compared to a hazard ratio of 0.44 in 
the younger cohort although this was not statistically sig-
nificant [15].

Given the limited data in the older adult patient popula-
tion, the FDA conducted a pooled analysis of patients treated 
with CDK 4/6 inhibitors on multiple registration trials which 
showed a trend towards improved PFS in the geriatric popu-
lation compared to the younger cohort, although this was not 

statistically significant [17]. This study found more grade 
3–4 events in the geriatric population; however, the overall 
adverse event rate was low [17]. A recently published pooled 
analysis of the PALOMA trials evaluated outcomes and tox-
icities in patients ≥ 65 years old and found that palbociclib 
was both well tolerated and significantly improved PFS in 
the older cohort of patients [18].

While these results are encouraging, these studies repre-
sent geriatric patients receiving palbociclib on clinical trial. 
Geriatric patients on clinical trial generally have superior 
performance statuses and less comorbidities than patients 
receiving treatment as standard of care [19]. It is therefore 
important to assess the efficacy and tolerance of palbociclib 
in a geriatric population receiving treatment as standard of 
care. In this study, we aimed to retrospectively examine tox-
icities and outcomes of a cohort of geriatric patients com-
pared to a younger patient population receiving palbociclib 
in a non-trial setting.

Experimental/materials and methods

Patient population

Patients receiving palbociclib in any line of therapy were 
identified from a cohort of patients treated at MD Anderson 
Cancer Center (MDACC) followed on a prospectively main-
tained database from 2015 to 2017. For the preliminary anal-
ysis of the association of dose reductions and dose delays 
with PFS, an initial cohort of 585 patients treated from Janu-
ary 2015 to February 2017 was used. This cohort was then 
expanded to 845 patients treated from January 2015 to Octo-
ber 2017 for the remainder of the analysis to include a larger 
number of patients for subsequent analyses. Patients over the 
age of 18 with a clinical diagnosis of metastatic hormone 
receptor-positive breast cancer were considered eligible and 
included in the study. Patients who received the majority of 
treatment at an outside hospital without documentation of 
therapy or on a clinical trial were excluded. Clinical, demo-
graphic, baseline labs, and recurrence data were collected 
via an IRB-approved protocol. Dose delays, dose reductions, 
and toxicities were recorded. A dose delay was defined as a 
temporary cessation of treatment for neutropenia or infec-
tious complication. Early dose delays and reductions were 
defined as dosing events occurring during the first 2 cycles 
of palbociclib while late dosing events were defined as cycle 
3 or later. The Charlson Comorbidity Index was calculated 
as per convention [20]. Clinical toxicities extracted from 
the medical record included neutropenic fevers, infections 
requiring antibiotic use, emergency room encounters, or hos-
pitalizations for infectious complications. Given the vari-
able nature of recording additional less frequent toxicities, 
such as fatigue and nausea, these were not included in the 
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analysis. Toxicity grade was not available for a significant 
number of patients and therefore not included in the analysis.

Pathologic assessment

Pathologic specimens were reviewed by designated breast 
pathologists at MDACC. Estrogen receptor and progester-
one receptor status was determined by immunohistochemical 
analysis. Nuclear staining ≥ 1% for estrogen receptor and/or 
progesterone receptor was considered positive.

Outcome measures and statistical analysis

The primary endpoint of the study was PFS, computed from 
date of initiation of palbociclib to date of progression, as 
assessed and documented clinically by the treating physi-
cian or radiographically. Secondary endpoints included 
dose reductions and dose delays. Overall survival data were 
collected as an exploratory endpoint. Data were analyzed 
using Fischer’s exact test for categorized variables and T 
test/Wilcoxon rank-sum test for continuous variables. P val-
ues were not adjusted for multiple analyses as these were 
exploratory comparisons. PFS and OS were analyzed using 
the Kaplan–Meier method.

Results

Six hundred and five patients with metastatic hormone 
receptor-positive breast cancer who met eligibility criteria 
were analyzed. The baseline characteristics of this cohort are 
presented in Table 1. 160 patients were ≥ 65 years old and 
92 patients were ≥ 70 years old at metastatic diagnosis. The 
median age of the cohort was 57 years old. The majority of 
the patients were white (n = 461, 76.2%), while the remain-
ing patients were Hispanic (n = 54, 8.9%), black (n = 49, 
8.1%), or other (n = 41, 6.8%). The average Charlson score 
for the cohort was 6.5.

De novo presentation of metastatic disease at initial 
breast cancer diagnosis occurred in 148 (24.5%) patients, 
while 457 (75.5%) developed recurrence after early-stage 
breast cancer. The majority of the recurrent patients had 
received prior adjuvant endocrine therapy (n = 370, 81.0%). 
Of the patients with recurrent breast cancer, 137 patients 
(20.0%) had received neoadjuvant chemotherapy, while 234 
(51.2%) received adjuvant chemotherapy. The majority of 
the patients received palbociclib with letrozole (n = 352, 
58.2%), while 242 patients (40.0%) received palbociclib 
with fulvestrant. The majority of patients (n= 283, 46.8%) 
received palbociclib first line, while 125 patients (20.7%) 
received palbociclib second line and 197 (32.6%) received 
palbociclib in the third-line setting or later.

Overall, the rate of toxicity from palbociclib for the 
cohort was low. Neutropenic fever occurred in 2.1% of 
all patients (n = 13), while 19.3% (n = 117) of the patients 
had a documented infection requiring antibiotic use and 63 
patients (10.4%) had a documented emergency room visit 
or hospitalization secondary to an infectious complication. 
When toxicity was analyzed in relation to age, there was no 
significant difference between younger patients and older 

Table 1   Patient demographics and clinical characteristics (N = 605)

Variable N (%)

Age at metastatic diagnosis (years)
 Median 57

Race
 White 461 (76.2)
 Black 49 (8.1)
 Hispanic 54 (8.9)
 Other 41 (6.8)

Recurrent disease
 Yes 457 (75.5)
 No (De novo) 148 (24.5)

Prior adjuvant endocrine therapy
 No 87 (19.0)
 Yes 370 (81.0)

Prior (Neo)adjuvant chemotherapy
 No 86 (18.8)
 Yes 371 (81.2)

Prior adjuvant XRT
 No 176 (38.5)
 Yes 281 (61.5)

Endocrine agent used in combination with palbociclib
 Letrozole 352 (58.2)
 Fulvestrant 242 (40.0)
 Other 11 (1.8)

Metastatic line
 Average 2.4

Charlson score
 Average 6.5

Neutropenic fever
 No 592 (97.9)
 Yes 13 (2.1)

Infection requiring antibiotic use
 No 488 (80.7)
 Yes 117 (19.3)

ER/Hospitalization
 No 542 (89.6)
 Yes 63 (10.4)

Use of GCSF
 No 586 (96.9)
 Yes 19 (3.1)
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patients, using age cut-offs of ≥ 65 years old or ≥ 70 years 
old.

Factors associated with age using the cut-off of 65 and 
70 are presented in Tables 2 and 3, respectively. When 
using both age cut-offs, older adults were significantly 
more likely to have early dose reductions, as well as dose 
delays, including both early and late delays. The older 
cohorts had significantly more dose reductions as well. 
Among a smaller initial cohort of 585 patients used for 
the initial analysis of association between PFS and dose 
reductions and dose delays, 344 patients met eligibility 
criteria. The patients experiencing dose reductions had 
a significantly longer PFS (unadjusted HR 0.7, p = 0.01) 
although the adjusted HR was not found to be significant 
(HR 0.7, p = 0.07). Patients experiencing dose delays had 

a significantly longer PFS (unadjusted HR 0.7, p = 0.006); 
however, the adjusted HR was again not found to be sig-
nificant (HR 0.8, p = 0.07).

Older patients were also more likely to receive palboci-
clib as frontline treatment (mean metastatic line 1.7 versus 
2.5 for cohort ≥ 70, p < 0.05 and mean metastatic line 1.8 
versus 2.6 for cohort ≥ 65, p < 0.05). Older adults were less 
likely to have received prior chemotherapy and/or hormo-
nal therapy for metastatic disease. Older patients were more 
likely to have more comorbidities, as evidence by signifi-
cantly higher Charlson Comorbidity Index as well as higher 
prevalence of heart disease and kidney disease, compared to 
the younger cohort. Toxicities, including neutropenic fever, 
infections, and hospitalizations, were not significantly dif-
ferent between cohorts.

Table 2   Factors associated with 
age ≥ 65

Age < 65 (N = 445) Age ≥ 65 (N = 160) p value

De novo metastatic disease 0.4
 Yes 113 (25.4) 35 (21.9)
 No 332 (74.6) 125 (78.1)

Prior therapy for metastatic disease < 0.05
 None 194 (43.6) 89 (55.6)
 Hormonal 90 (20.2) 34 (21.3)
 Chemotherapy 161 (36.2) 37 (23.1)

Early dose reductions < 0.05
 Yes 91 (20.4) 51 (31.9)
 No 346 (77.8) 106 (66.3)

Late dose reductions 0.3
 Yes 74 (16.6) 32 (20.0)
 No 363 (81.6) 125 (78.1)

Number of dose reductions < 0.05
 0 287 (64.5) 91 (56.9)
 1 123 (27.6) 39 (24.4)
 2 33 (7.4) 29 (18.1)

Dose delays < 0.05
 Yes 159 (35.7) 82 (51.3)
 No 286 (64.3) 78 (48.8)

Metastatic line < 0.05
 Mean 2.6 1.8
 Median (range) 2 (1–16) 1 (1–11)

Charlson comorbidity index < 0.0001
 Mean 6.4 6.9

Toxicity 0.7
 No 350 (78.7) 123 (76.9)
 Yes 95 (21.3) 37 (23.1)

Heart disease < 0.0001
 No 426 (95.7) 135 (84.4)
 Yes 18 (4.0) 24 (15.0)

Kidney disease < 0.0001
 No 302 (67.9) 71 (44.4)
 Yes 143 (32.1) 89 (55.6)
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The primary endpoint of PFS for the geriatric patients 
using an age cut-off of 65 and 70 are presented in Figs. 1 and 
2, respectively. The ≥ 70 cohort had a significantly improved 
PFS as compared to the younger cohort (p = 0.02). This was 
also true when an age cut-off of ≥ 65 was used (p = 0.009). 
Median PFS for the cohort was 344 days. In the multivari-
able analyses for factors associated with progression, tumor 
grade, metastatic line, and presence of liver metastasis were 
found to be significant (Table 4). Age was no longer signifi-
cant for PFS.

The overall survival (OS) data, which served as an 
exploratory endpoint, remain immature. At the time of anal-
ysis, there were 83 deaths recorded in the overall cohort, 
17 deaths in the ≥ 65 year-old cohort and 11 deaths in the 
≥ 70-year-old cohort. At this time, there was no difference 

in OS in either cohort (age ≥ 70 p = 0.4, age ≥ 65 p = 0.9). 
Median OS follow-up time for the cohort was 882 days.

Discussion

CDK 4/6 inhibitors add significant benefit to endocrine 
therapy in the treatment of metastatic hormone receptor-
positive breast cancer and are now often used as first- and 
second-line treatment [9]. In addition to adding clinical 
benefit, CDK 4/6 inhibitors are generally well tolerated. 
Neutropenia was found to be the most common side effect 
of palbociclib in patients receiving palbociclib on clini-
cal trial [12–15]. Neutropenia remained the most common 
side effect among all sub-groups in the safety analysis of 

Table 3   Factors associated with 
age ≥ 70

Age < 70 (N = 513) Age ≥ 70 (N = 92) p value

De novo metastatic disease 0.4
 Yes 129 (25.1) 19 (20.7)
 No 384 (74.9) 73 (79.3)

Prior therapy for metastatic disease < 0.0001
 None 224 (43.7) 59 (64.1)
 Hormonal 106 (20.7) 18 (19.6)
 Chemotherapy 183 (35.7) 15 (16.3)

Early dose reductions < 0.05
 Yes 107 (20.9) 35 (38.0)
 No 397 (77.4) 55 (59.8)

Late dose reductions 0.6
 Yes 88 (17.2) 18 (19.6)
 No 416 (81.1) 72 (78.3)

Number of dose reductions < 0.0001
 0 330 (64.3) 48 (52.2)
 1 139 (27.1) 23 (25.0)
 2 41 (8.0) 21 (22.8)

Dose delays < 0.0001
 Yes 189 (36.8) 52 (56.5)
 No 324 (63.2) 40 (43.5)

Metastatic line < 0.05
 Mean 2.5 1.7
 Median (range) 2 (1–16) 1 (1–6)

Charlson comorbidity index < 0.0001
 Mean 6.4 6.9

Toxicity 0.3
 No 405 (78.9) 68 (73.9)
 Yes 108 (21.1) 24 (26.1)

Heart disease < 0.0001
 No 487 (94.9) 74 (80.4)
 Yes 25 (4.9) 17 (18.5)

Kidney disease < 0.0001
 No 341 (66.5) 32 (34.8)
 Yes 172 (33.5) 60 (65.2)
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the PALOMA-1 trial [21]. The mechanism of neutropenia 
occurs through cell-cycle arrest, as opposed to apopto-
sis, which occurs with traditional chemotherapy regimens 

[22]. Preclinical studies showed that the neutropenia due 
to CDK 4/6 inhibitors is reversible [23]. As a result, the 
neutropenia secondary to palbociclib is associated with 
less febrile neutropenia and mortality than chemotherapy-
induced neutropenia [24]. Similar to the PALOMA trials, 
this study found that the rate of neutropenic fever remained 
low.

As CDK 4/6 inhibitors may be used frequently in geri-
atric patients, it is important to evaluate CDK 4/6 inhibi-
tors’ safety and efficacy in this population. The recent FDA 
pooled analysis found a low overall adverse event rate in the 
geriatric cohort; however, there was more grade 3–4 events 
in the geriatric population [17]. This current study aimed to 
identify clinically relevant toxicities and reassuringly found 
the rates of neutropenic fever, infections, and hospitaliza-
tions were not higher in the geriatric cohort.

Although CDK 4/6 inhibitors are generally well toler-
ated, they are associated with side effects and ensuring that 
geriatric patients derive meaningful benefit from these drugs 
is essential. Previous subgroup analysis from the PALOMA 
trials and the recent FDA pooled analysis have shown no 
difference between PFS between the geriatric and younger 
cohort of patients [12–15, 17]. In the single variate analysis, 
the geriatric cohort was found to have improved PFS com-
pared to the younger cohort when both age ≥ 65 and ≥ 70 
cut-offs were used. However, the multivariate analysis found 
no difference in PFS between the cohorts, indicating there 
are likely underlying confounding variables which account 
for the PFS benefit found in the initial single variate analysis. 
The geriatric cohort was more likely to receive palbociclib 
earlier in their treatment course where patients often derive 
greater absolute benefit and may account for these differ-
ences. Overall, it is reassuring that patients receiving CDK 
4/6 inhibitors as standard of care equally benefitted.

Dose reductions and dose delays due to neutropenia are 
common in patients receiving palbociclib and are recom-
mended for patients experiencing grade 3 and 4 neutropenia 
[25]. This study also found that dose reductions and delays 
were common in patients receiving palbociclib outside of a 
clinical trial and were higher in the geriatric cohort. In the 
PALOMA-3 trial, dose reductions were not associated with 
significantly decreased PFS [16]. This study found that in 
patients receiving palbociclib as standard of care, patients 
with dose reductions and delays had a longer PFS than those 
without dose reductions and delays; however, this difference 
was no longer significant when adjusting for underlying vari-
ables. The initial superior PFS of patients with dose reduc-
tions and delays is likely explained by underlying confound-
ing variables and differences between the two cohorts, which 
is a limitation of retrospective analyses. Given the high rates 
of dose delays and reductions in the geriatric cohort, it is 
reassuring that the PFS was not negatively affected in these 
patients.

Fig. 1   Kaplan–Meier survival plot demonstrating association between 
age and PFS in patients ≥ 65

Fig. 2   Kaplan–Meier survival plot demonstrating association between 
age and PFS in patients ≥ 70

Table 4   Multivariable analyses Cox model for the factors associated 
with progression

HR p 95% CI

Tumor grade
 I/II Referent
 III 1.52 0.001 1.18 1.97

Metastatic line
 1st Referent
 > 1st 1.96 < 0.001 1.56 2.46

Liver mets
 No Referent
 Yes 1.84 < 0.001 1.47 2.31
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There are several additional limitations of the current 
study. Analysis of dose reductions, dose delays, and tox-
icities relied on physician and patient reporting and may 
be underestimated due to incomplete records, such as care 
being received partially at an outside institution. Another 
limitation is the potential selection bias of patients receiv-
ing treatment at a large academic tertiary care center who 
may be more fit than patients seen in a community oncology 
practice.

A strength of the current study is that patients receiv-
ing palbociclib as standard of care were analyzed. This 
population is generally less fit than patients on clinical tri-
als and may be more generalizable. The geriatric cohort in 
this study had significantly more comorbidities than the 
younger cohort, which supports this. Furthermore, the geri-
atric cohort was also found to have increased dose reductions 
and delays, which also indicates a less fit population.

Overall, this study reassuringly finds that geriatric 
patients with more comorbidities receiving palbociclib as 
standard of care tolerate palbociclib and had similar ben-
efit. As use of palbociclib as standard of care becomes more 
common, future larger retrospective studies are warranted to 
continue to analyze tolerance and efficacy of palbociclib in 
a geriatric population.
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