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Abstract 
Objectives:  Fatigue is a common nonhematologic toxicity of the CDK4/6 inhibitor palbociclib in metastatic breast cancer (MBC) patients with 
prevalence rates of clinician-rated all-grade and grade 3/4 fatigue of 39.2% and 2.5%, respectively. We prospectively assessed the incidence of 
fatigue emerging on palbociclib using patient-reported measures and explored potential predictors.
Methods:  Eighty-eight patients with HR+ HER2− MBC without fatigue initiating palbociclib with endocrine therapy were assessed before and 
monthly across the initial 6 cycles. Clinically meaningful levels of patient-reported fatigue (Functional Assessment of Chronic Illness Therapy 
Fatigue Scale, FACIT-F < 34), severity of, and functional interference due to fatigue (NCI Patient-Reported Outcomes for CTCAE, PRO-CTCAE) 
were assessed. Hematologic and nonhematologic predictors were examined pretreatment and concurrent with fatigue assessments.
Results:  Patient-reported fatigue emerged in 21/88 patients [incidence rate 23.9% (95%CI, 15.4%-34.1%)] within 2.8 ± 1.7 treatment cycles. 
PRO-CTCAE-rated incidence rate of severe fatigue and fatigue interference was 14.8% (95%CI, 8.1%-23.9%) and 10.2% (95%CI, 4.8%-18.5%), 
respectively. Lower pretreatment absolute neutrophil count (ANC) levels predicted treatment-emergent fatigue (P =.01), but ANC levels on 
treatment did not (P =.78). Other pretreatment predictors were long sleep duration (P =.02) and low physical activity (trend, P =.07). Treatment-
emergent fatigue was associated with objectively measured long sleep duration on treatment (P =.02), but not other measures (P ≥.35).
Conclusions:  One-quarter of patients with HR+ HER2− MBC initiating palbociclib report rapidly emergent clinically meaningful fatigue, often 
with severe symptoms and functional interference. Treatment-emergent fatigue is associated with both pretreatment (lower ANC levels, longer 
sleep duration) and on-treatment (long sleep duration) hematologic and nonhematologic profiles.
Key words: metastatic breast cancer; fatigue; sleep; activity; cyclin-dependent kinase inhibitors.

Implications for practice
Our results indicate that therapeutic advances in the metastatic breast cancer setting such as palbociclib and endocrine therapy that 
can increase life expectancy can also lead to increased fatigue and possibly reduce the quality of life; however, biological markers and 
behavioral factors may help to identify at-risk populations that may ultimately help optimize treatment plans.

Introduction
Cancer-related fatigue (CRF) is characterized by a subjec-
tive sense of physical, emotional, and/or cognitive tiredness.1 
Resulting from cancer or cancer treatment, CRF is unlike typi-
cal fatigue as it is out of proportion to recent physical activity.2,3 

Across studies, prevalence estimates range widely (25%-99%) 
for patient-reported CRF during treatment depending on the 
patient population and tools used to assess fatigue. In addi-
tion to the adverse impact on functioning and quality of life, 
CRF can lead to discontinuation of fatigue-inducing cancer 
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therapies and may persist after treatment cessation.4 CRF 
occurs in more than 75% of cancer patients with metastatic 
disease.5-8

Cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) are 
used with endocrine therapy in HR+ HER2− metastatic 
breast cancer (MBC). Trials using the CDK4/6i palbociclib 
with endocrine therapy estimate the occurrence of fatigue 
at any level amongst 40% of patients, significantly higher 
than fatigue estimates of 29% in endocrine therapy alone.9 
Pooled data from clinical trials of palbociclib estimate the 
prevalence of the clinician-rated (CTCAE) severe (grade 
3/4) fatigue around 2.5%.9 Similar rates of all-grade and 
severe fatigue have been seen in randomized trials using 
the other commercially available CKD4/6 inhibitors, 
ribociclib, and abemaciclib.10-14 Notably, these adverse 
events utilize clinician assessment. Unlike other common 
adverse events, fatigue is a subjective symptom, requiring 
the patient’s report, which was the focus of the current 
investigation.

Beyond the need to understand the incidence of patient- 
reported fatigue on palbociclib therapy, the potential 
associations of treatment-emergent fatigue with neutrope-
nia and behavioral factors are unknown. In general, the 
pathogenesis of fatigue with CDK4/6i remains unclear 
despite significant efforts to understand the underlying 
mechanisms.

To address these gaps, we conducted a prospective cohort 
study to estimate the incidence and course of patient-reported 
fatigue during the first 6 cycles of palbociclib combined with 
endocrine therapy in women with HR+ HER2− MBC using 
patient-reported assessments of fatigue. We also examined the 
associations of fatigue with neutropenia, sleep disturbance, 
and physical activity.

Methods
We enrolled patients with HR+ HER2− MBC initiating  
standard-dose palbociclib with endocrine therapy (aromatase 
inhibitor letrozole or fulvestrant) who did not report fatigue 
before initiation of palbociclib (ie, Functional Assessment of 
Chronic Illness Therapy Fatigue Scale [FACIT-F] score < 34). 
Patients were followed approximately monthly across the 
first 6 palbociclib treatment cycles or until palbociclib was 
discontinued (eg, due to disease progression or tolerability 
concerns), or if study participation was withdrawn (eg, due to 
study/time burden) (Figure 1A). The study was approved by 
the Dana Farber/Harvard Cancer Center Office for Human 
Research Studies guided by the ethical principles in The 
Belmont Report: Ethical Principles and Guidelines for the 
Protection of Human Subjects of Research prepared by the 
National Commission for the Protection of Human Subjects 
of Biomedical and Behavioral Research. All participants pro-
vided written informed consent.

Participant selection
Participants were recruited at the Dana Farber/Harvard 
Cancer Center from 5/2018 to 1/2021 (n = 115, Figure 1B). 
Potential participants were identified using a clinical alert in 
the electronic medical record when the initial palbociclib pre-
scription was issued. Participants were scheduled to start pal-
bociclib at the standard initial dose of 125 mg daily, 3 weeks 
on followed by 1 week off, in combination with letrozole or 
fulvestrant as part of routine clinical treatment.

Data collection
Data were collected at 7 timepoints in all participants, once at 
baseline (before palbociclib initiation or within the first 14 days 
of the first treatment cycle) and once during the third week of 
each of the first 6 treatment cycles. Diary-based and objective 
sleep/activity data were collected over a continuous 7-day inter-
val at each of these timepoints. Hematologic data were obtained 
from clinical records as per routine palbociclib monitoring and 
were therefore not time-synched to other research assessments.

Patient-reported fatigue assessments
Patient-reported fatigue was assessed using the Functional 
Assessment of Chronic Illness Therapy Fatigue Scale (PROMIS 
FACIT-fatigue), a 13-item self-report measure integrating 
fatigue severity and interference.15 Grading of both patient- 
reported fatigue severity and fatigue interference was assessed 
using the Patient-Reported Outcome Version of the Common 
Terminology Criteria for Adverse Events (PRO-CTCAE).16

Oncologic and hematologic factors potentially associated 
with fatigue
Data on concurrent endocrine therapy and any prior radiation 
therapy or chemotherapy used in the metastatic setting were 
collected during screening. Dose adjustments and reasons for 
adjustments were extracted from medical records and verified 
with the patients. Hematologic assessments were obtained as 
part of clinical monitoring during palbociclib therapy at base-
line and across the 6 cycles.

Subjective and objectives measures of behavioral factors 
potentially associated with fatigue
Sleep was assessed subjectively using a week-long daily sleep 
diary and objectively using an actigraph (Actiwatch Spectrum 
Plus, Philips Respironics, Murrysville, PA). The primary sleep 
measures of interest in the diary and actigraphy were sleep 
duration and efficiency.

Physical activity was assessed subjectively using the 
International Physical Activity Questionnaire (IPAQ) and 
objectively using a commercially available activity tracker 
(FitBit, Alta, or Inspire, San Francisco, CA). The IPAQ is a 
7-item self-report measure that quantifies time spent per-
forming physical activity in the previous 7 days as Metabolic 
Equivalent of Task (MET)-minutes per week, reflecting the 
ratio of the rate of energy expended during an activity to 
the rate of energy expended at rest.17 Daily activity counts on 
the FitBit were averaged across 7 days using standard settings 
provided with the FitBit proprietary algorithm.

Mood was assessed using the 9-item Patient Health 
Questionnaire (PHQ-9).18 Pain was assessed using the item 
#10 score on the Patient-Reported Outcomes Measurement 
Information System—Global Health questionnaire.19

Statistical analysis
The primary endpoint was new-onset fatigue after palbo-
ciclib treatment initiation, defined as a FACIT-F score ≥34 
or discontinuation of palbociclib specifically because of 
fatigue emergence. Secondary endpoints were the PRO-
CTCAE fatigue severity and interference items. Incident 
rates were estimated based on dichotomized FACIT-F 
scores (<34 vs ≥34) and PRO-CTCAE fatigue severity item 
and fatigue interference item grades (3 or 4 vs <3). The 
rate of fatigue incidence on the FACIT-F in the presence 
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of competing risks (eg, disease progression or study bur-
den) was estimated using the cumulative incidence function. 
Concordance between FACIT-F and PRO-CTCAE severity 
scales was assessed by comparing FACIT-F scores between 
PRO-CTCAE categories, or agreement between dichot-
omized FACIT-F and PRO-CTCAE scores (Cohen’s κ) or 
between rescaled FACIT-F scores and PRO-CTCAE scores 
(Kendall Tau-b)20 (see Supplementary Section for additional 
details).

On-treatment associations of FACIT-F fatigue scores with 
treatment-related factors were tested by comparing FACIT-F 
fatigue scores with absolute neutrophil count (ANC) values 
as a continuous outcome or between categories of sleep- and 
activity-related outcomes. Sleep duration was categorized as 

long (>9 h), normative (7-9 h), and short (<7 h) weekly aver-
ages based on recommended durations for adults.21,22 Sleep 
efficiency and patient-reported physical activity (total MET 
minutes per week) were categorized into tertiles based on the 
distribution. The objectively measured activity was dichoto-
mized as a low weekly average (≤4000 steps per day) versus 
normative and high activity.23

Baseline levels of each treatment factor predicting treatment- 
emergent fatigue were tested using generalized estimat-
ing equations with a binomial distribution after adjusting 
for palbociclib cycle number, age (dichotomized on median 
age), concurrent endocrine therapy (letrozole vs fulvestrant), 
depression (dichotomized PHQ-9 score ≥ 10), pain, baseline 
FACIT-F fatigue score, and prior treatment with radiation or 

Figure 1. Study design and recruitment.
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chemotherapy in the metastatic setting. On-treatment asso-
ciations of each variable with FACIT-F fatigue scores were 
tested using generalized linear mixed models adjusting for 
the same covariates listed above. Prediction of treatment- 
emergent fatigue by baseline objectively measured physical 
activity was not estimated due to missing data in the major-
ity (57%) of the women (data available only in 38 women). 
Proportions were compared using Fisher’s exact tests. All sta-
tistical tests were 2-sided. A significance threshold was set at 
P <.05. Analyses were conducted using statistical software 
(SAS version 9.4; Cary, NC).

Results
Of 115 patients consented, 13 did not provide baseline 
fatigue assessment data, leaving 102 eligible patients, of 
whom 14 additional participants were excluded because their 
baseline FACIT-F fatigue score indicated fatigue (n = 11) or 
they did not initiate palbociclib treatment as planned (n = 3). 
Therefore, a total of 88 participants who provided data for the 
primary outcome of patient-reported fatigue were included in 
the analysis (Figure 1B).

The median age of study participants in the final analytic 
sample was 59 years (range 29-82 years); the majority were 
White (92.0%), naturally postmenopausal (86.3%). A total 
of 71.6% received palbociclib with letrozole and 28.4% with 
fulvestrant (Table 1). Prior treatments received in the meta-
static setting included chemotherapy (20.5%) and radiation 
(26.1%). As shown in Table 1, baseline measures show the 
absence of fatigue and ANC, sleep, and physical activity in 
the normative range.

Incidence and time-to-onset of fatigue
New-onset fatigue was observed in 21 participants (23.9% 
[95% CI, 15.4%-34.1%]). One participant discontinued pal-
bociclib due to fatigue.

Fifty-eight (65.9%) patients provided FACIT-F data through 
the entire 6-cycle follow-up. The remaining 30 contributed 
data for only a portion of the 6-cycle follow-up, of whom 5 
withdrew after indicating treatment-emergent fatigue on the 
FACIT-F; the remaining withdrew due to loss-to-follow-up, 
study burden, or other reasons (Figure 1B). FACIT-F scores 
were available from 323 treatment cycles, and the majority 
(72.3%) were from patients who provided data for at least 
4 treatment cycles. Amongst those who withdrew early with-
out indicating fatigue, the mean duration of data collection 
was 2.8 ± 1.7 treatment cycles. Using this interval, the cumu-
lative incidence of fatigue was 17.0% (95% CI, 10.2-25.3), 
calculated after the first 3 treatment cycles and accounting for 
attrition as a competing risk (Figure 2A).

Based on the PRO-CTCAE, 13 women reported that their 
fatigue was severe and 9 women reported that their fatigue 
caused significant interference with their functioning translat-
ing to incidence rates of 14.8% (95% CI, 8.1%-23.9%) and 
10.2% (95% CI, 4.8%-18.5%), respectively. Moderate to 
high levels of congruence were observed between the FACIT-F 
and the PRO-CTCAE fatigue severity and interference scales 
(see Supplementary Section).

Time course of treatment-emergent fatigue and 
treatment modifications
The mean time to treatment-emergent fatigue was 1.8 ± 1.7 
treatment cycles, with treatment-emergent fatigue presenting 

most frequently (n = 11, 52% of the fatigued population) 
in the second treatment cycle (Figure 2B). After excluding 
7 (33%) patients who lacked fatigue data from subsequent 
treatment cycles after incident fatigue emerged, fatigue pre-
sented more commonly as a persistent or recurrent course 
(n = 9, 64%) than a transient, rapidly rebounding course 
(n = 5, 36%), although the difference was not statistically sig-
nificant (binomial test P =.21, Figure 2C).

Data on palbociclib treatment modifications (Figure 2D) 
were available for 380 palbociclib cycles. Approximately 
one-quarter of cycles involved a cycle delay, dose reduction, 
or both, occurring at least once in a total of 47 participants.

Pre- and early-treatment factors related to fatigue
Hematologic predictors
ANC was measured 4.5 ± 1.5 times per participant, with an 
ANC available for 83% of corresponding treatment cycles. 
At the time of palbociclib initiation, 97% of ANC values 
were >1.5 K/µL, whereas 57% of ANC values were subse-
quently ≤1.5 K/µL during palbociclib therapy (P <.01, Fisher’s 
exact), as expected. Lower baseline ANC values significantly 
predicted treatment-emergent fatigue (P =.01). Baseline ANC 
levels did not differ between those who did versus did not 
have prior chemotherapy in the metastatic setting (3.9 ± 1.6 
vs 3.8 ± 1.5, P =.84). The odds of developing treatment- 
emergent fatigue were 89% higher for each K/µL of lower 
baseline ANC values (OR: 1.89 [95%CI, 1.09-3.30], Figure 
3A). ANC values during palbociclib therapy were not associ-
ated with the emergence of fatigue (P =.47, Figure 3B). The 
presence of neutropenia with palbociclib exposure was nota-
bly not temporally associated with fatigue (P =.18, Fisher’s 
exact); 55% and 50% of the ANC values were >1.5 K/µL at 
the incident and preincident palbociclib cycle when fatigue 
was detected, respectively.

Sleep duration and sleep efficiency
Self-reported sleep duration at baseline significantly predicted 
the emergence of fatigue; longer sleep duration predicted 
more fatigue (P =.03). When dichotomized, treatment- 
emergent fatigue was observed more commonly in long 
sleepers at baseline versus the short and normative sleep  
duration groups together (42% of 26 vs 16% of 50, respec-
tively, P =.02, Figure 3C). Self-reported sleep efficiency at 
baseline did neither predict treatment-emergent fatigue 
(P =.16, Supplementary Figure S1A) nor was treatment- 
emergent fatigue associated with on-treatment measures of 
sleep duration or sleep efficiency (both P >.18, Supplementary 
Figure S1B and C).

Fatigue emerging on treatment with palbociclib was not 
associated with objectively assessed sleep duration or sleep 
efficiency at baseline (both P >.35) (Supplementary Figure 
S1D and E). During palbociclib therapy, those with the longest 
objectively measured sleep duration had significantly more 
fatigue (P =.02, Figure 3D), but treatment-emergent fatigue 
was not associated with objectively quantified sleep efficiency 
on palbociclib therapy (P =.62, Supplementary Figure S1F).

Physical activity
There was a statistical trend for lower levels of patient- 
reported physical activity at baseline predicting the emergence 
of fatigue (P =.09, Supplementary Figure S1G); treatment- 
emergent fatigue was observed more commonly in patients 
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reporting the lowest tertile of physical activity versus those 
in the higher 2 tertiles combined (50% of 14 vs 20% of 61, 
respectively, P =.07). However, patient-reported physical 
activity levels on treatment were neither associated with the 
emergence of fatigue (P =.35, Supplementary Figure S1H) 
nor was treatment-emergent fatigue associated with objec-
tively measured levels of physical activity while on treatment 
(P =.45, Supplementary Figure S1I).

Discussion
This prospective, single-arm cohort study evaluated the inci-
dence of CRF in patients with HR+/HER2− MBC initiat-
ing a combined palbociclib and endocrine therapy regimen. 
Approximately one-quarter reported the development of clin-
ically significant CRF within the first 6 cycles of therapy, with 
roughly 15% reporting serious or severe symptoms. Phase III 
trials of palbociclib and endocrine therapy for HR+/HER2− 
MBC report rates of provider-assessed all-grade fatigue 
occurring cumulatively during a much longer, extended 
course of treatment than our study, in approximately 38%, 
with severe rates of approximately 2.0%, in the first line24 
and pretreated settings.25 Fatigue is a shared toxicity among 

all CDK4/6 inhibitors, with similar rates of fatigue reported 
in trials of the other available CDK4/6 inhibitors. For exam-
ple, rates of clinician-rated all-grade fatigue and severe fatigue 
were 36.5% and 2.0% with ribociclib,26 and 40% and 1.8% 
with abemaciclib27 in the first-line phase III studies. Therefore, 
we expect that rates of patient-reported fatigue may be sim-
ilar across CDK4/6 inhibitors. It is well established that  
provider-assessed toxicity can diverge from patient-reported,28 
and it is not unusual to see discordance, with higher reported 
rates of symptoms from patient reports. Results of the current 
study highlight the value of integrating PROs when assessing 
CRF in future clinical trials.

Understanding risk factors for fatigue, and the expected 
timing of fatigue onset and severity, may provide guidance for 
clinicians starting this regimen. Knowing that patients with 
specific pretreatment risk factors—lower ANC and longer 
sleep duration—may be more likely to subsequently experi-
ence fatigue and that clinically relevant fatigue is most likely 
to present by the second cycle of therapy, which provides 
valuable clinical information. Clinicians can counsel patients 
about expectations on therapy and emphasize the need for 
communication about potential side effects: the vast major-
ity of patients did not develop fatigue, with those who did 
experience fatigue having onset early in the treatment course 
and with identifiable risk factors. While this study did not 
specifically evaluate if dose modification improved symptoms, 
modification was common, occurring in one-quarter of cycles 
at least once in over half of patients. Notably, a persistent or 
recurrent course of fatigue in those with fatigue emergence 
whose treatment was modified suggests that modification 
might not influence the fatigue course, although the sample 
size for this observation was small. Nonetheless, it has been 
demonstrated that dose modifications do not impact efficacy 
with palbociclib and are generally encouraged as an acute tox-
icity management strategy.29 Similarly, although higher levels 
of physical activity on treatment did not correlate with less 
fatigue in this study, exercise interventions in patients with 
MBC are feasible and have been associated with improve-
ments in quality of life and physical function.30

It is notable that fatigue emergence was not related to 
neutropenia developing on palbociclib. Neutropenia with 
CDK4/6i is short-lasting, recovers with treatment holds, and 
is not associated with infectious sequelae such as febrile neu-
tropenia.31 Palbociclib induces a reversible cellular quiescence 
of early hematopoietic progenitor cells rather than the irre-
versible cellular death seen with cytotoxic chemotherapy,32 
and this on-target toxicity is thought to be mediated specifi-
cally through inhibition of CDK6.33 Our observation that the 
emergence of neutropenia on treatment was not associated 
with treatment-emergent fatigue is aligned with this known 
difference in mechanisms of action of CDK4/6-induced versus 
traditional chemotherapy-induced fatigue. In contrast, lower 
baseline ANC was associated with the development of fatigue 
on treatment. It is possible that women with MBC with lower 
baseline ANC, possibly due to prior cytotoxic chemotherapy, 
radiation, or other inherent factors, are more susceptible to 
developing fatigue on CDK4/6 inhibitors.

Our finding that long sleep duration and possibly low 
physical activity at baseline, before treatment initiation, 
predict treatment-emergent fatigue might identify a group 
of patients with pre-existing behavioral patterns before ini-
tiating palbociclib therapy that put them at higher risk for 
developing fatigue on treatment. These associations were seen 

Table 1. Patient and Disease Baseline Characteristics.

No. of patients 88

Median age, years (range) 59 (29–82)

Race [n (%)]

 � White 81 (92.0%)

 � Black 2 (2.3%)

 � Other 5 (5.7%)

Ethnicity [n (%)]

 � Non-Hispanic/Non-Latina 66 (75.0%)

 � Other 22 (25.0%)

Menopause Status [n (%)]

 � Postmenopausal 76 (86.3%)

 � Ovarian suppression 12 (13.6%)

Chemotherapy in metastatic setting [n (%)] 18 (20.5%)

Radiation in metastatic setting [n (%)] 23 (26.1%)

Concurrent Endocrine Treatment [n (%)]

 � Fulvestrant 25 (28.4%)

 � Letrozole 63 (71.6%)

Fatigue (mean ± SD)

 � FACIT-fatigue 44.3 ± 5.1

 � PRO-CTCAE—fatigue severity 0.9 ± 0.7

 � PRO-CTCAE—fatigue interference 0.6 ± 0.6

Absolute neutrophil count (mean ± SD) 3.9 ± 1.6

Sleep (mean ± SD)

 � Subjective duration (hours)* 7.2 ± 1.5

 � Subjective efficiency (%)* 81.2 ± 11.1

 � Objective duration (hours)** 7.2 ± 0.8

 � Objective efficiency (%)** 84.0 ± 6.6

Physical activity (mean ± SD)

 � METs 2161.6 ± 2326.8

 � Steps 5217.2 ± 3458.1

Depression (PHQ-9 total score ≥ 10) [n (%)] 4 ± 4.9

Pain—POMIS-GH Item #10 (mean ± SD) 1.6 ± 1.9
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with subjectively assessed sleep and physical activity, but the 
relationships were not observed when assessed objectively, 
potentially due to inadequate statistical power given missing 
data for objective assessments. Longer objectively measured 
sleep while on treatment was significantly associated with 
more fatigue, possibly indicating a compensatory prolonging 
of sleep related to treatment-emergent fatigue, although the 
directionality and causal relationship cannot be established 
given the concurrence of these measurements on treatment. 
Nonetheless, these observations point to the value of focus-
ing efforts supporting behavioral modification for those most 
at-risk for treatment-emergent fatigue; trials of interventions 
targeting sleep duration and improving physical activity may 
help identify the therapeutic value of such strategies.

Reports of poor sleep and CRF are well documented, 
although causality is not well established. CRF-associated 
sleep disruptions reported poor sleep quality, increased night-
time awakenings, difficulty maintaining and falling asleep, 
and increased daytime napping.34,35 The commonly occur-
ring coincidental report of poor sleep with fatigue suggests 
shared etiology, potentially changes in circulating cytokines.36 
While objective assessment of sleep using actigraphy and 
polysomnography are limited, results are mixed and include 

the association of fatigue with a small increase in objectively 
measured sleep duration over the course of treatment,37 con-
sistent with our findings.

Strengths of this study are the longitudinal measure-
ment of fatigue directly from patient’s self-report. The  
repeated-measures approach allows a greater understanding 
of the kinetics of fatigue, especially in the initial months of 
palbociclib administration. Other important strengths of this 
study include the concurrent administration of both the more 
comprehensive FACIT-F fatigue measure and the shorter and 
easier-to-administer PRO-CTCAE fatigue, enabling further 
evaluation of its validity.

Study limitations
There are several limitations to this analysis. Baseline mea-
sures were not collected until the first 14 days of the first 
palbociclib cycle in several participants due to delays in 
identifying potential participants. Additionally, a subset 
of patients invited to the study declined participation for 
unknown reasons, some of which may have been related to 
the development of fatigue; consequently, our estimate of 
treatment-emergent fatigue may be an underestimate instead 

Figure 2. Cumulative incidence and time course of patient-reported clinically meaningful treatment-emergent fatigue on palbociclib with endocrine 
therapy and treatment modifications. The rate of treatment-emergent clinically meaningful fatigue incidence on the patient-reported FACIT-F for 21 of 88 
evaluable participants who developed fatigue in the presence of competing risks (n = 25) including early withdrawal from study and early discontinuation 
of palbociclib, both without indication of fatigue on FACIT-F, was estimated using the cumulative incidence function (A). Frequency of patients reporting 
clinically meaningful levels of treatment-emergent fatigue on the FACIT-F by treatment cycle (B). Clinical pattern of presentation of treatment-emergent 
fatigue in the subset of patients with fatigue (n = 14) who provided time course data from subsequent treatment cycles after incident fatigue emerged 
(C). Proportion of 380 palbociclib cycles with data across the 6-cycle follow-up period in 88 patients that had a treatment modification (D).
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of being an overestimate. No control group was used in this 
single-arm study; therefore, it is not known how different 
the incidence of fatigue would be in an MBC population not 
taking CDK4/6i in combination with endocrine therapy. We 
also do not know how patient-reported fatigue incidence on 
palbociclib directly compares with other CDK4/6i treatments. 
Finally, recently reported long-term follow-up from the major 
CDK4/6i trials have suggested improved overall survival with 
agents other than palbociclib,11,38 and future CDK4/6i pre-
scribing patterns may be in flux.

Conclusions
Therapeutic advances in the MBC setting have translated 
to longer life spans, but achieving this requires prolonged 
exposure to therapies that have toxicity and potential for det-
rimental effects on quality of life. Identifying the subset of 
patients at risk for treatment-emergent fatigue by detecting 
lower pretreatment ANC and longer sleep duration, as well 
as the development of longer sleep duration on treatment, 
may provide a valuable screening strategy. Determining the 

etiology of such toxicities, as well as predictors and thera-
peutic interventions, may help improve a patient’s ability to 
remain on palbociclib in order to receive an optimal thera-
peutic benefit and maintain a good quality of life.

Acknowledgments
Anita Giobbe-Hurder, MS, for statistical consultation.

Author contributions
Shadab A. Rahman (Formal analysis, Investigation, 
Methodology, Visualization, Writing—original draft, Writing—
review & editing), Hanneke Poort (Data curation, Investigation, 
Methodology, Writing—review & editing), Deborah Schrag 
(Conceptualization, Investigation, Methodology, Writing—
review & editing), Stephanie C. Tung (Investigation, 
Methodology, Writing—review & editing), Eric S. Zhou 
(Investigation, Methodology, Writing—review & editing), 
Aleta Wiley (Conceptualization, Data curation, Formal analy-
sis, Methodology, Writing—original draft, Writing—review & 

Figure 3. Pre- (before treatment initiation) and early- (within ~1 week of treatment initiation) treatment patient characteristics associated with patient-
reported clinically meaningful levels of treatment-emergent fatigue on palbociclib with endocrine therapy. Probability of reporting clinically meaningful 
level of treatment-emergent fatigue based on ANC levels at palbociclib treatment initiation (A). Association between ANC levels on palbociclib therapy 
and FACIT-F scores on treatment (B). Frequency of patients and corresponding proportion of patients reporting clinically meaningful levels of fatigue by 
patient-reported sleep duration category—long (>9 h), normative (7-9 h), and short (<7 h) weekly averages calculated from daily diaries (C). Distribution 
of on-treatment fatigue scores by objectively measured sleep duration category—long (>9 h), normative (7-9 h), and short (<7 h) weekly averages 
calculated from actigraphy (D). For (A) and (B), model-adjusted predicted values and 95% CI around prediction are shown as solid line and shaded area, 
respectively. For (B), horizontal dashed line indicates FACIT-F threshold below which clinically meaningful fatigue is present.

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/advance-article/doi/10.1093/oncolo/oyae316/7929274 by Kennedy School of G

overnm
ent Library user on 24 D

ecem
ber 2024



8 The Oncologist, 2024, Vol. XX, No. XX

editing), Lauren B. Finkelstein (Data curation, Methodology, 
Writing—review & editing), Elkhansaa Elguenaoui (Data 
curation, Methodology, Writing—review & editing), Moira 
Nolan (Data curation, Methodology, Writing—review & 
editing), Erica L. Mayer (Conceptualization, Investigation, 
Methodology, Writing—original draft, Writing—review & 
editing), and Hadine Joffe (Conceptualization, Funding acqui-
sition, Investigation, Methodology, Project administration, 
Resources, Supervision, Validation, Visualization, Writing—
original draft, Writing—review & editing)

Funding
Research study was supported by Pfizer Investigator Research 
Exchange (ASPIRE) Oncology/Hematology Clinical Research 
Award to Dr Joffe.

Conflict of interest
A.W., L.B.F., E.E., M.N., S.M.B., J.W.W., and S.C.T. do not 
have any nonfinancial interests to report. S.A.R.: No financial 
arrangements or connections that are pertinent to the submit-
ted manuscript. Nonfinancial interests that could be relevant 
to the submitted manuscript are declared as the following 
S.A.R. holds patents for (1) Method and device for prevent-
ing alterations in circadian rhythm (U.S. patent application Ser. 
No. 10/525,958), and (2) Methods and devices for improving 
sleep performance in subject exposed to light at night (U.S. 
Application No. 61/810,985); S.A.R. owns equity in Melcort 
Inc.; has provided paid consulting services to Sultan & Knight 
Limited, Bambu Vault LLC, Lucidity Lighting Inc.; and has 
received honoraria as an invited speaker and travel funds from 
Starry Skies Lake Superior, University of Minnesota Medical 
School, PennWell Corp., and Seoul Semiconductor Co. Ltd., 
FALK FOUNDATION E.V.; S.A.R. has received grant/research 
support from Seoul Semiconductor Co. Ltd., Biological 
Innovation and Optimization Systems, LLC, Merck & Co., Inc., 
Pfizer Inc., Vanda Pharmaceuticals Inc., Lighting Science Group, 
National Institutes of Health, and NASA. These interests were 
reviewed and managed by Brigham and Women’s Hospital 
and MassGeneralBrigham in accordance with their conflict-of- 
interest policies. H.J.: Consultant/advisory board member for 
Bayer, Merck, and Hello Therapeutics, and has grant/research 
support from National Institutes of Health, Merck, and Pfizer. 
Her spouse is an employee at Arsenal Biosciences, and has 
equity in Merck Research Lab. E.L.M.: Consultant/advisory 
board member for Lilly, AstraZeneca, Gilead, and Novartis. 
H.P.: Funding from National Comprehensive Cancer Network/
AstraZeneca. D.S.: Funding from National Cancer Institute, 
American Association for Cancer Research, and Capability 
Maturity Model Integration. Personal fees from the Journal 
of the American Medical Association for editorial services. 
Research funding to institution from Grail. No other disclo-
sures. E.Z.: Grant/research support from Jazz Pharmaceuticals 
and Harmony Biosciences; received consultant fees from 
MindUP and Samsung; and received honoraria as an invited 
speaker for the National Comprehensive Cancer Network and 
the Young Survival Coalition.

Data availability
Individual-level data are not publicly available due to con-
taining information that could compromise the privacy of 

research participants. These data are available on request 
from the corresponding author (H.J.) after necessary institu-
tional agreements are established.

Supplementary material
Supplementary material is available at The Oncologist online.

References
1.	 Berger AM, Mooney K, Alvarez-Perez A, et al. National comprehen-

sive cancer network. Cancer-related fatigue, version 2.2015. J Natl 
Compr Canc Netw. 2015;13:1012-1039. https://doi.org/10.6004/
jnccn.2015.0122

2.	 Neefjes EC, van der Vorst MJ, Blauwhoff-Buskermolen S,  
Verheul HM. Aiming for a better understanding and management of  
cancer-related fatigue. Oncologist. 2013;18:1135-1143. https://
doi.org/10.1634/theoncologist.2013-0076

3.	 Wang XS, Zhao F, Fisch MJ, et al. Prevalence and characteristics of 
moderate to severe fatigue: a multicenter study in cancer patients 
and survivors. Cancer. 2014;120:425-432. https://doi.org/10.1002/
cncr.28434

4.	 Bower JE. Cancer-related fatigue--mechanisms, risk factors, and 
treatments. Nat Rev Clin Oncol. 2014;11:597-609. https://doi.
org/10.1038/nrclinonc.2014.127

5.	 Curtis EB, Krech R, Walsh TD. Common symptoms in patients 
with advanced cancer. J Palliat Care. 1991;7:25-29.

6.	 Portenoy RK, Kornblith AB, Wong G, et al. Pain in ovar-
ian cancer patients. prevalence, characteristics, and associated 
symptoms. Cancer. 1994;74:907-915. https://doi.org/10.1002/1097-
0142(19940801)74:3<907::aid-cncr2820740318>3.0.co;2-#

7.	 Portenoy RK, Thaler HT, Kornblith AB, et al. Symptom prevalence, 
characteristics and distress in a cancer population. Qual Life Res. 
1994;3:183-189. https://doi.org/10.1007/BF00435383

8.	 Ventafridda V, De Conno F, Ripamonti C, Gamba A, Tamburini M. 
Quality-of-life assessment during a palliative care programme. Ann 
Oncol. 1990;1:415-420. https://doi.org/10.1093/oxfordjournals.
annonc.a057794

9.	 Dieras V, Rugo HS, Schnell P, et al. Long-term pooled safety analy-
sis of palbociclib in combination with endocrine therapy for HR+/
HER2- advanced breast cancer. J Natl Cancer Inst. 2019;111:419-
430. https://doi.org/10.1093/jnci/djy109

10.	Dickler MN, Tolaney SM, Rugo HS, et al. MONARCH 1, a phase 
II study of abemaciclib, a CDK4 and CDK6 inhibitor, as a sin-
gle agent, in patients with refractory HR(+)/HER2(-) metastatic 
breast cancer. Clin Cancer Res. 2017;23:5218-5224. https://doi.
org/10.1158/1078-0432.CCR-17-0754

11.	Hortobagyi GN, Stemmer SM, Burris HA, et al. Overall survival with 
Ribociclib plus Letrozole in advanced breast cancer. N Engl J Med. 
2022;386:942-950. https://doi.org/10.1056/NEJMoa2114663

12.	Hortobagyi GN, Stemmer SM, Burris HA, et al. Ribociclib as first-
line therapy for HR-positive, advanced breast cancer. N Engl J Med. 
2016;375:1738-1748. https://doi.org/10.1056/NEJMoa1609709

13.	 Johnston SRD, Harbeck N, monarchE Committee Members 
and Investigators, et al. Abemaciclib combined with endocrine 
therapy for the adjuvant treatment of HR+, HER2-, Node- 
Positive, High-Risk, Early Breast Cancer (monarchE). J Clin Oncol. 
2020;38:3987-3998. https://doi.org/10.1200/JCO.20.02514

14.	Sledge GW Jr, Toi M, Neven P, et al. MONARCH 2: Abemaci-
clib in combination with fulvestrant in women with HR+/HER2- 
advanced breast cancer who had progressed while receiving 
endocrine therapy. J Clin Oncol. 2017;35:2875-2884. https://doi.
org/10.1200/JCO.2017.73.7585

15.	Smith E, Lai JS, Cella D. Building a measure of fatigue: the func-
tional assessment of chronic illness therapy fatigue scale. Pm R. 
2010;2:359-363. https://doi.org/10.1016/j.pmrj.2010.04.017

16.	Basch E, Reeve BB, Mitchell SA, et al. Development of the National 
Cancer Institute’s patient-reported outcomes version of the common 

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/advance-article/doi/10.1093/oncolo/oyae316/7929274 by Kennedy School of G

overnm
ent Library user on 24 D

ecem
ber 2024

https://doi.org/10.6004/jnccn.2015.0122
https://doi.org/10.6004/jnccn.2015.0122
https://doi.org/10.1634/theoncologist.2013-0076
https://doi.org/10.1634/theoncologist.2013-0076
https://doi.org/10.1002/cncr.28434
https://doi.org/10.1002/cncr.28434
https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1002/1097-0142(19940801)74:3<907::aid-cncr2820740318>3.0.co;2-#
https://doi.org/10.1002/1097-0142(19940801)74:3<907::aid-cncr2820740318>3.0.co;2-#
https://doi.org/10.1007/BF00435383
https://doi.org/10.1093/oxfordjournals.annonc.a057794
https://doi.org/10.1093/oxfordjournals.annonc.a057794
https://doi.org/10.1093/jnci/djy109
https://doi.org/10.1158/1078-0432.CCR-17-0754
https://doi.org/10.1158/1078-0432.CCR-17-0754
https://doi.org/10.1056/NEJMoa2114663
https://doi.org/10.1056/NEJMoa1609709
https://pubmed.ncbi.nlm.nih.gov/?term=monarchE+Committee+Members+and+Investigators%5BCorporate+Author%5D
https://pubmed.ncbi.nlm.nih.gov/?term=monarchE+Committee+Members+and+Investigators%5BCorporate+Author%5D
https://doi.org/10.1200/JCO.20.02514
https://doi.org/10.1200/JCO.2017.73.7585
https://doi.org/10.1200/JCO.2017.73.7585
https://doi.org/10.1016/j.pmrj.2010.04.017


The Oncologist, 2024, Vol. XX, No. XX 9

terminology criteria for adverse events (PRO-CTCAE). J Natl Can-
cer Inst. 2014;106:dju244. https://doi.org/10.1093/jnci/dju244

17.	Craig CL, Marshall AL, Sjostrom M, et al. International physical 
activity questionnaire: 12-country reliability and validity. Med Sci 
Sports Exerc. 2003;35:1381-1395. https://doi.org/10.1249/01.
MSS.0000078924.61453.FB

18.	Spitzer RL, Kroenke K, Williams JB. Validation and utility of a 
self-report version of PRIME-MD: the PHQ primary care study. 
primary care evaluation of mental disorders. patient health ques-
tionnaire. JAMA. 1999;282:1737-1744. https://doi.org/10.1001/
jama.282.18.1737

19.	Hays RD, Bjorner JB, Revicki DA, Spritzer KL, Cella D. Devel-
opment of physical and mental health summary scores from the 
patient-reported outcomes measurement information system 
(PROMIS) global items. Qual Life Res. 2009;18:873-880. https://
doi.org/10.1007/s11136-009-9496-9

20.	Svensson E. Concordance between ratings using different scales 
for the same variable. Stat Med. 2000;19:3483-3496. https://
doi.org/10.1002/1097-0258(20001230)19:24<3483::aid-
sim786>3.0.co;2-a

21.	Watson NF, Badr MS, Belenky G, et al. Recommended amount of 
sleep for a healthy adult: a joint consensus statement of the Amer-
ican academy of sleep medicine and sleep research society. Sleep 
2015;38:843-844. https://doi.org/10.5665/sleep.4716

22.	Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep Foun-
dation’s sleep time duration recommendations: methodology 
and results summary. Sleep Health. 2015;1:40-43. https://doi.
org/10.1016/j.sleh.2014.12.010

23.	Saint-Maurice PF, Troiano RP, Bassett DR Jr, et al. Association 
of daily step count and step intensity with mortality among US 
adults. JAMA. 2020;323:1151-1160. https://doi.org/10.1001/
jama.2020.1382

24.	Finn RS, Martin M, Rugo HS, et al. Palbociclib and Letrozole 
in advanced breast cancer. N Engl J Med. 2016;375:1925-1936. 
https://doi.org/10.1056/NEJMoa1607303

25.	Turner NC, Ro J, Andre F, et al. Palbociclib in hormone- 
receptor-positive advanced breast cancer. N Engl J Med. 
2015;373:209-219. https://doi.org/10.1056/NEJMoa1505270

26.	Hortobagyi GN. Ribociclib for HR-positive, advanced breast 
cancer. N Engl J Med. 2017;376:289. https://doi.org/10.1056/
NEJMc1615255

27.	Goetz MP, Toi M, Campone M, et al. MONARCH 3: Abemaci-
clib as initial therapy for advanced breast cancer. J Clin Oncol. 
2017;35:3638-3646. https://doi.org/10.1200/JCO.2017.75.6155

28.	Filho OM, Giobbie-Hurder A, Lin NU, et al. A dynamic portrait 
of adverse events for breast cancer patients: results from a phase 
II clinical trial of eribulin in advanced HER2-negative breast 

cancer. Breast Cancer Res Treat. 2021;185:135-144. https://doi.
org/10.1007/s10549-020-05928-4

29.	Verma S, Bartlett CH, Schnell P, et al. Palbociclib in combina-
tion with fulvestrant in women with hormone receptor-positive/
HER2-negative advanced metastatic breast cancer: detailed safety 
analysis from a multicenter, randomized, Placebo-Controlled, 
Phase III Study (PALOMA-3). Oncologist. 2016;21:1165-1175. 
https://doi.org/10.1634/theoncologist.2016-0097

30.	Ligibel JA, Giobbie-Hurder A, Shockro L, et al. Randomized trial 
of a physical activity intervention in women with metastatic breast 
cancer. Cancer. 2016;122:1169-1177. https://doi.org/10.1002/
cncr.29899

31.	DeMichele A, Clark AS, Tan KS, et al. CDK 4/6 inhibitor palboci-
clib (PD0332991) in Rb+ advanced breast cancer: phase II activ-
ity, safety, and predictive biomarker assessment. Clin Cancer Res. 
2015;21:995-1001. https://doi.org/10.1158/1078-0432.CCR-14-
2258

32.	 Johnson SM, Torrice CD, Bell JF, et al. Mitigation of hematologic 
radiation toxicity in mice through pharmacological quiescence 
induced by CDK4/6 inhibition. J Clin Invest. 2010;120:2528-2536. 
https://doi.org/10.1172/JCI41402

33.	 Maurer B, Brandstoetter T, Kollmann S, Sexl V, Prchal-Murphy M. 
Inducible deletion of CDK4 and CDK6 - deciphering CDK4/6 inhibitor 
effects in the hematopoietic system. Haematologica. 2021;106:2624-
2632. https://doi.org/10.3324/haematol.2020.256313

34.	Ancoli-Israel S, Moore PJ, Jones V. The relationship between 
fatigue and sleep in cancer patients: a review. Eur J Cancer 
Care (Engl). 2001;10:245-255. https://doi.org/10.1046/j.1365-
2354.2001.00263.x

35.	Zee PC, Ancoli-Israel S, Workshop P. Does effective management of 
sleep disorders reduce cancer-related fatigue? Drugs. 2009;69:29-
41. https://doi.org/10.2165/11531140-000000000-00000

36.	Liu L, Mills PJ, Rissling M, et al. Fatigue and sleep quality are 
associated with changes in inflammatory markers in breast can-
cer patients undergoing chemotherapy. Brain Behav Immun. 
2012;26:706-713. https://doi.org/10.1016/j.bbi.2012.02.001

37.	Liu L, Rissling M, Natarajan L, et al. The longitudinal relation-
ship between fatigue and sleep in breast cancer patients undergoing 
chemotherapy. Sleep. 2012;35:237-245. https://doi.org/10.5665/
sleep.1630

38.	Finn RS, Rugo HS, Dieras VC, et al. Overall survival (OS) with 
first-line palbociclib plus letrozole (PAL+LET) versus placebo plus 
letrozole (PBO+LET) in women with estrogen receptor–positive/
human epidermal growth factor receptor 2–negative advanced 
breast cancer (ER+/HER2− ABC): analyses from PALOMA-2. J 
Clin Oncol. 2022;40:LBA1003-LBA1003. https://doi.org/10.1200/
JCO.2022.40.17_suppl.LBA1003

D
ow

nloaded from
 https://academ

ic.oup.com
/oncolo/advance-article/doi/10.1093/oncolo/oyae316/7929274 by Kennedy School of G

overnm
ent Library user on 24 D

ecem
ber 2024

https://doi.org/10.1093/jnci/dju244
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1001/jama.282.18.1737
https://doi.org/10.1001/jama.282.18.1737
https://doi.org/10.1007/s11136-009-9496-9
https://doi.org/10.1007/s11136-009-9496-9
https://doi.org/10.1002/1097-0258(20001230)19:24<3483::aid-sim786>3.0.co;2-a
https://doi.org/10.1002/1097-0258(20001230)19:24<3483::aid-sim786>3.0.co;2-a
https://doi.org/10.1002/1097-0258(20001230)19:24<3483::aid-sim786>3.0.co;2-a
https://doi.org/10.5665/sleep.4716
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1001/jama.2020.1382
https://doi.org/10.1001/jama.2020.1382
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1056/NEJMoa1505270
https://doi.org/10.1056/NEJMc1615255
https://doi.org/10.1056/NEJMc1615255
https://doi.org/10.1200/JCO.2017.75.6155
https://doi.org/10.1007/s10549-020-05928-4
https://doi.org/10.1007/s10549-020-05928-4
https://doi.org/10.1634/theoncologist.2016-0097
https://doi.org/10.1002/cncr.29899
https://doi.org/10.1002/cncr.29899
https://doi.org/10.1158/1078-0432.CCR-14-2258
https://doi.org/10.1158/1078-0432.CCR-14-2258
https://doi.org/10.1172/JCI41402
https://doi.org/10.3324/haematol.2020.256313
https://doi.org/10.1046/j.1365-2354.2001.00263.x
https://doi.org/10.1046/j.1365-2354.2001.00263.x
https://doi.org/10.2165/11531140-000000000-00000
https://doi.org/10.1016/j.bbi.2012.02.001
https://doi.org/10.5665/sleep.1630
https://doi.org/10.5665/sleep.1630
https://doi.org/10.1200/JCO.2022.40.17_suppl.LBA1003
https://doi.org/10.1200/JCO.2022.40.17_suppl.LBA1003

	Incidence of patient-reported fatigue developing on palbociclib and endocrine therapy for advanced HR+ HER2− breast cancer
	Introduction
	Methods
	Participant selection
	Data collection
	Patient-reported fatigue assessments
	Oncologic and hematologic factors potentially associated with fatigue
	Subjective and objectives measures of behavioral factors potentially associated with fatigue

	Statistical analysis

	Results
	Incidence and time-to-onset of fatigue
	Time course of treatment-emergent fatigue and treatment modifications
	Pre- and early-treatment factors related to fatigue
	Hematologic predictors
	Sleep duration and sleep efficiency
	Physical activity


	Discussion
	Study limitations
	Conclusions
	Acknowledgments
	References


