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Abstract

Preclinical studies suggest palbociclib may enhance radiation effects, with limited data on 

myelosuppression severity. We present real-world experience characterizing 247 patients with 

advanced breast cancer on palbociclib comparing radiation-exposed (n = 47) to unexposed (n 

= 200). We observed significantly lower absolute lymphocyte counts with radiation exposure. 

Hematological toxicities did not result in additional treatment interruption or dose reductions in 

exposed vs. unexposed patients.

Background: Palbociclib is a cyclin-dependent kinase (CDK) 4/6 inhibitor with a primary 

toxicity of myelosuppression, especially neutropenia, due to cytostatic CDK6 inhibition on bone 

marrow. Preclinical studies suggest palbociclib may enhance radiation toxicity, but this was only 

evaluated in limited case series of palliative radiotherapy and not specific to radiation targeting 

bony metastases.

Patients and Methods: This was a single institution retrospective cohort study. We included 

female patients who initiated palbociclib for advanced breast cancer between 2015 and 2019. The 

primary exposure was receipt of palliative radiation to bony metastases within 1 year prior to 

starting palbociclib. The primary outcome was the incidence and severity of myelosuppression 

during cycle one. Secondary outcomes include treatment interruptions and cycle 2 dose reductions, 

with subgroup analysis of radiation timing, type, dose, and location.

Results: Of the 247 patients, 47 received radiation to bone metastases. Only absolute lymphocyte 

count (ALC) after cycle one of palbociclib was significantly lower in the group receiving radiation 

(median ALC 0.84 vs. 1.10 K/mm3, P < .001), with similar rates of neutropenia, anemia, and 

thrombocytopenia. Patients who received ≥ 10 fractions radiation were more likely to have cycle 

one interrupted than those receiving shorter radiation courses (42.9% vs. 11.1%, P = .03). No 

radiation characteristics were associated with other hematologic toxicities or dose reduction.
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Conclusion: Palliative bone radiation within 1 year prior to palbociclib initiation was associated 

with greater lymphopenia during the first cycle than patients unexposed to radiation, but not 

neutropenia, anemia, or thrombocytopenia that would modify treatment.
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Introduction

Cyclin-dependent kinase (CDK) 4/6 inhibitors are highly selective and reversible inhibitors 

that act to block retinoblastoma phosphorylation, a cell cycle regulator that prevents 

premature division by binding to E2F transcription factors responsible for gene expression 

during S-phase.1 The targeted therapy class includes palbociclib (approved 2015), ribociclib 

(approved 2017), and abemaciclib (approved 2017).2–4 These agents are given concurrently 

with endocrine therapy in hormone receptor positive (HR+), human epidermal growth 

factor receptor 2-negative (Her2-) advanced breast cancer and have demonstrated significant 

improvements in progression-free survival and overall survival in first and second-line 

settings.5–16

Myelosuppression, especially neutropenia, is the most frequent class toxicity of CDK4/6 

inhibitors. The underlying mechanism is attributed to a cytostatic effect in the bone marrow, 

as cell cycle arrest without apoptosis has been demonstrated in vitro.17 This is supported 

by low rates of febrile neutropenia ≤ 2.5% across all CDK4/6 inhibitor trials, as well as the 

median duration of grade 3 or 4 neutropenia being 7 days and resolving rapidly with drug 

hold.7–14 Toxicity is also dose-proportionate, with dose reduction effectively reducing future 

neutropenia and indicating an absence of cumulative toxicity.

The incidence of hematologic adverse events varies by degree of CDK6 targeting due to 

higher CDK6 expression in bone marrow and its key role regulating transcription underlying 

hematopoietic and leukemic stem cell activation.18 Thus, CDK4/6 inhibitors palbociclib and 

ribociclib have a higher risk of hematologic toxicity than abemaciclib which is 14-fold 

more selective for CDK4.19 Across the PALOMA-1, PALOMA-2, and PALOMA-3 clinical 

trials, all grade neutropenia occurred with palbociclib in 80% to 83% of patients; 55% 

to 56% of patients experienced grade 3 neutropenia and 10% to 11% developed grade 

4 neutropenia.10,11,14 Because of these adverse effects, palbociclib is typically part of a 

28-day treatment cycle being given daily for 21 days followed by a 7 day rest period.2 Dose 

reduction is recommended for any occurrence of grade 4 neutropenia (Absolute Neutrophil 

Count [ANC] < 500/mm3) and is recommended for grade 3 neutropenia (ANC 500–1000/

mm3) only if occurring with concurrent febrile events or infection.2

Another potential hematologic factor for patients on CDK4/6 inhibitors is the use of 

radiotherapy for palliation of bone metastases. Hematopoietic stem cells in the bone 

marrow are among the most radiosensitive cells in the body and historic data suggests 

that radiation doses as low as 2 to 4 gray (Gy) delivered within 1 to 3 days can reduce 

bone marrow cellularity and proliferation.20,21 By arresting the cell cycle in G1 phase 
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CDK4/6 inhibitors may sensitize cells to radiotherapy, as cells are more radiosensitive in 

G phase.22 PALOMA-2 and PALOMA-3 allowed palliative radiotherapy earlier than two 

weeks before randomization and during the trial with palbociclib interruption one day 

before and resumption one week after radiation.3,4 In a hematological safety analysis of 

PALOMA-2, 53% of patients experienced grade 3/4 neutropenia without a difference for 

prior radiation exposure (odds ratio 0.984, P = 0.936); however timing of radiation and sites 

of radiation were not evaluated.23

Given that palliative radiotherapy to bone is a common treatment used for symptom control 

in advanced breast cancer, the aim of this study was to evaluate the impact of prior palliative 

bone radiation exposure on the hematological effects of palbociclib. Further, this research 

evaluates the impact of radiation timing, anatomical site, and dose on myelosuppression, 

treatment interruptions, and dose reductions.

Patients and Methods

Study Design

A retrospective cohort study was conducted at the Sidney Kimmel Comprehensive Cancer 

Center at Johns Hopkins, with patients identified via shared electronic health record Epic 

(Epic Systems Corporation; Verona, WI; Hyperspace version August 2019). Patients were 

included if they were female, followed by a Johns Hopkins Medicine provider as their 

longitudinal oncologist, and initiated palbociclib 125 mg for HR+, Her2- advanced breast 

cancer between February 2015 and November 2019. Exclusion criteria included prior 

CDK4/6 inhibitor exposure, bone marrow involvement, concurrent cytotoxic therapy, history 

of hematologic malignancy or autoimmune cytopenias, male gender, lack of baseline or 

cycle one lab results, dosing, or treatment interruption for reasons other than hematologic 

toxicity such as gastrointestinal toxicity, fatigue, or non-adherence (Fig. 1). The study was 

approved by the Johns Hopkins Medicine Institutional Review Board.

Data Collection

Demographics collected included age at palbociclib initiation, race, gender, menopausal 

status, Eastern Cooperative Oncology Group (ECOG) performance status, tumor histology, 

areas of metastasis, palbociclib line of therapy, prior chemotherapy, targeted therapy, 

or immunotherapy history, concurrent endocrine therapy, and concurrent systemic 

corticosteroids. Radiation therapy history was collected if radiation to bone metastases 

occurred within 1 year prior to palbociclib initiation or concurrently within cycle one1 

of palbociclib. Days between radiation and palbociclib initiation (considered zero if 

concurrent), radiation modality, anatomical location, and dose in gray (Gy) per fractions 

were also evaluated. Absolute neutrophil count (ANC), absolute lymphocyte count (ALC), 

hemoglobin, and platelet count were collected at baseline prior to palbociclib initiation and 

throughout cycle one, graded according to the Common Terminology Criteria for Adverse 

Events (CTCAE) Version 5.0 by the lowest value.24 Treatment interruptions or cycle two 

dose reductions due to hematologic toxicity were also assessed.
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Statistical Analysis

Descriptive statistics were used to characterize patient demographics and treatment history. 

All data was non-parametric. Chi-square or Fisher’s exact test were utilized to compare 

between categorical groups; Wilcoxon rank-sum test was performed for continuous data 

with two groups, and Kruskal-Wallis was used for continuous variables with more than 

two groups. Univariate logistic regression was used to determine predictors of hematologic 

toxicity, with any variables identified as statistically significant included in multiple logistic 

regression to control for multiple factors. An alpha level of < 0.05 was considered 

statistically significant for all tests, and statistical analysis was performed with Stata 

(StataCorp LLC; College Station, TX; version 15.1).

Results

Of the 247 patients who met criteria for inclusion, 47 had received radiation to bone 

metastases within a year prior to palbociclib initiation or concurrently (Table 1). Four 

patients received concurrent radiation therapy, which completed within the first half of their 

initial palbociclib cycle. Patients who had radiation were most commonly treated within 

3 months of initiating palbociclib, received conventional radiation, had radiation of spinal 

or pelvic metastases, and received either doses of 20 Gy over 5 fractions or 30 Gy over 

10 fractions (Table 2), with 22 (47%) having all of these characteristics. Patients who 

received intensity-modulated radiation therapy or stereotactic body radiation therapy were 

more likely to have had prior chemotherapy for metastatic disease than those who received 

conventional radiotherapy (55.6% vs. 15.8%, P = 0.02), but were less likely to have had 

10 or more fractions in their radiation course (25.0% vs. 68.5%, P = 0.04). Patients who 

received radiotherapy were significantly less likely to have had prior chemotherapy delivered 

as neoadjuvant/adjuvant treatment (P = 0.044), but there was no significant difference in the 

line of metastatic therapy for which palbociclib was used.

Baseline ANC, ALC, and platelet count were significantly lower in those who received 

bone metastasis-directed radiation compared to patients without such radiation (Table 3). 

Following the first cycle of palbociclib, ANC, ALC, platelet count, and hemoglobin were 

all significantly lowered compared to baseline. However, ALC was the only parameter 

with a significant difference between the groups with and without radiation for both any-

grade and severe toxicity. Univariable logistic regression found decreasing days between 

radiation and palbociclib initiation was associated with lymphopenia, as was having total 

radiation Gy ≥ 30 with fractions ≥ 10. However, when controlling for baseline ALC with 

multivariable logistic regression, only time between radiation and initiation was significant 

for development of lymphopenia (P = 0.04) and not radiation dose, type, or location. No 

differences between groups or association with radiation characteristics were identified with 

other hematologic toxicities.

Palbociclib treatment interruption was similar between the groups with and without bone 

radiation. Radiation patients who received at least 10 fractions were more likely to have 

cycle one interrupted than those with shorter radiation courses (42.9% vs. 11.1%, P = 0.03). 

However, dose reduction due to hematologic toxicity was similar across all groups and 
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radiation characteristic subgroups. No patients with concurrent radiation and palbociclib had 

radiotherapy interrupted or suspended.

Discussion

To our knowledge, these data represent the largest cohort study of hematologic interactions 

between prior palliative radiation and palbociclib and includes comparison to a cohort 

without radiation treatment. In contrast to prior reports (Table 4), our study is specific to 

radiation to bone metastases, which may have been particularly impactful on hematological 

toxicity given the cytostatic mechanism of CDK4/6 inhibitors on bone marrow proliferation.

Study design of initiation after radiation was decided for practicality of data collection 

and interpretation of consistent palbociclib exposure. As palbociclib arrests the cell cycle 

in G1 phase and sensitizes cells to radiotherapy, initiation timing prior to or concurrently 

with radiation may have greater toxicity than palbociclib following radiation as studied. The 

subgroup receiving radiation concurrently was too small to address whether specific timing 

within the palbociclib administration cycle may have a differential effect. Meattini et al 

examined 85 patients on CDK4/6 inhibitors with 14 given concurrently with radiation and 

another 11 given sequentially following radiation compared to 60 without prior radiation.25 

They reported that no difference was seen in palbociclib dose reduction, palbociclib 

discontinuation, and any grade adverse effect including neutropenia in the radiation exposed 

vs. unexposed cohorts. Our findings are similar except for observing a significant decrease 

in ALC post-radiation prior to palbociclib initiation that persisted in the radiation exposed 

cohort compared to the unexposed. This is attributed to the lymphocyte lineage generally 

having a longer nadir period following radiation before recovery compared to cells with 

faster turnover such as granulocytes and platelets.26,27 The majority of patients receiving 

radiation were within 3 months of palbociclib initiation and may reflect a transient overlap 

in post-radiation nadir and palbociclib initiation that is not due to sensitization. However, 

radiation-induced lymphopenia can persist for years in some cases and is suspected to 

involve loss of compensatory proliferation, with potential for hematologic interactions with 

palbociclib outside the most frequent 1- to 2-month timeframe of lymphocyte recovery.28 

These results only reflect palbociclib initiation and cannot address whether the ALC 

difference remains significant in future cycles. Radiation-induced lymphopenia has also 

been implicated as a poor prognostic factor for disease free survival, but the impact of 

lymphopenia from CDK4/6 inhibitors is currently unknown. There is no recommended 

monitoring or management for lymphopenia with palbociclib, and our results do not suggest 

a need to delay palbociclib initiation following palliative bone radiation.

Ratosa et al reported grade ≥ 3 adverse effects with CDK4/6 inhibitors were observed 

in 6.5% of patients two weeks before radiotherapy, 15.2% of patients two weeks after 

radiotherapy, and 23.9% of patients six weeks after radiation, with increases noted in 

neutropenia and leukopenia.29 However, the authors attributed the increase in toxicity to 

CDK4/6 inhibitors instead of radiation as patients were early in therapy with a median 3 

cycles at the start of radiation. The findings of our study support that the neutrophil decrease 

observed after initiation is characteristic of the CDK4/6 inhibitors and not radiation, as a 

significant decrease in ANC and platelets post-radiation compared to patients who did not 

Norman et al. Page 5

Clin Breast Cancer. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



receive radiation was not persistent after palbociclib initiation. Chowdhary et al reported 

no toxicity difference between palbociclib timing in relation to pre-, post-, or concurrent 

radiation.30 A comparable series of 16 patients with palliative radiotherapy and concurrent 

palbociclib by Ippolito et al found prior severe neutropenia was not associated with 

worse neutropenia during radiation.22 Together, this also supports that delaying palbociclib 

initiation following palliative radiotherapy to bone metastases is not necessary even with 

prior hematologic toxicity.

The distribution of bone marrow by anatomic bony site was characterized by Hayman and 

colleagues, with highest areas including the thoracic spine (19.9%), lumbar spine (16.6%), 

sacrum (9.2%), and pelvis (25.3%).31 Despite high rates of radiation to these areas, we did 

not find differences based on anatomical site where radiation was administered. There was 

also no difference observed among those with multiple sites of radiotherapy to bone, though 

assessment was limited by low patient volume. Similarly, a case series of 16 patients by 

Chowdhary et al examining initiation of palliative radiation in close proximity to palbociclib 

reported no difference in toxicity based on axial, pelvic, or other irradiation site.30 However, 

it did not include patients with multiple radiotherapy sites or describe radiation field size. 

Our study did not assess soft tissue radiation exposure, but lymphocytes are also sensitive 

to radiation in both the blood and lymphatic tissue.26 Radiotherapy targeting soft tissue or 

even bone with larger field sizes could damage circulating lymphocytes or contribute to 

other toxicities, and cannot be assumed to have similar tolerability when close to palbociclib 

initiation.

The retrospective nature of the study is a limitation, as it is possible there were unmeasured 

differences between patients who received palliative bone radiation and those without 

prior radiotherapy such as relatively more advanced disease. While known bone marrow 

involvement was an exclusion criterion, patients receiving palliative radiation may have had 

greater disease burden in the bones and bone marrow either unknown or undocumented. 

Pretreatment is another factor which was unbalanced between the groups, as the proportion 

of patients with only one line of metastatic therapy was less in the radiotherapy group than 

those without radiation. However, this was not a statistically significant difference. We did 

not review history for benign hematologic conditions that could affect blood counts, and 

details of radiation field size were not available to better quantify the amount of irradiated 

marrow. Moreover, treatment decisions may have reflected physician preference and have 

been applied inconsistently. This could have contributed to the greater frequency of cycle 

one interruption for patients receiving ≥ 10 fractions of radiotherapy, despite no association 

with greater toxicity. It may also explain the higher rates of cycle two dose reduction for 

hematologic toxicity observed in our cohort compared to the historical rates in the pooled 

PALOMA analysis, despite having similar rates of cycle one treatment interruption due to 

adverse effects.23

An additional limitation is that the study did not extend beyond cycle two, as cumulative or 

latent toxicity was not commonly observed in the PALOMA trials and would be complicated 

by cycle two dose reduction.14 While limiting review to the first cycle may be too narrow 

to detect differences in additive radiation and palbociclib effect, the high rates of overall 

hematologic toxicity do not suggest a lack of response to palbociclib. The ongoing phase 2 
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ASPIRE trial (NCT03691493) of palbociclib plus radiation for bone metastases and phase 

2 CLEAR trial (NCT03750396) of endocrine therapy plus local therapy for oligometastatic 

breast cancer will provide prospective data for safety and efficacy of CDK4/6 inhibitors.32,33

Conclusion

Prior palliative radiation to bony metastases within 1 year prior to palbociclib initiation 

was not associated with increased rates of neutropenia, anemia, or thrombocytopenia 

during the first cycle compared to patients without radiation. While any-grade and severe 

lymphopenia were significantly more likely in patients who received radiation, it did not 

require a modified treatment approach and both cycle one treatment interruption and dose 

reduction for cycle two were similar between those with and without palliative radiation. 

These findings are consistent with prior studies that have demonstrated tolerability without 

additive toxicity, and do not suggest the need for a delay between delivery of palliative bone 

radiotherapy and initiation of palbociclib.
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Clinical Practice Points

• Case series suggest concurrent CDK4/6 inhibitor and radiotherapy are 

generally well tolerated without an increase in hematologic toxicity.

• Our study of sequential palbociclib following radiotherapy similarly found 

no increase in rates of neutropenia, anemia, and thrombocytopenia in the 

radiation cohort but did observe increased rates of lymphopenia. While 

the impact of lymphopenia is an ongoing subject of research and concern, 

particularly regarding viral infection risk and disease prognosis, it has 

no current role in toxicity monitoring for palbociclib or other CDK 4/6 

inhibitors.

• Radiation patients with ≥ 10 fractions were more likely to have cycle one 

interrupted than with shorter radiation courses. Radiation characteristics 

such as time between completion of radiation and initiation of palbociclib, 

radiation dose, or location of radiation were not associated with other 

hematologic toxicities or cycle two dose reduction.

• These results support the safety of initiating palbociclib in short interval after 

delivery of bone radiotherapy.
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Figure 1. 
Inclusion/exclusion diagram.
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