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ABSTRACT

PURPOSE Cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors plus endocrine therapy
(ET) represents the standard first-line treatment for patients with hormone
receptor–positive/human epidermal growth factor receptor 2–negative
(HER2-negative) advanced breast cancer (ABC). However, there is no definitive
consensus on the preferred second-line treatment option. The PALMIRA trial
investigated whether palbociclib rechallenge with an alternative ET would
improve the antitumor activity in patients progressing after a first-line
palbociclib-containing regimen.

METHODS This international, randomized, open-label, phase II study enrolled 198 pa-
tients with hormone receptor–positive/HER2-negative ABC with disease
progression after first-line palbociclib plus ET (aromatase inhibitor or ful-
vestrant). Patients were eligible if they showed clinical benefit to the previous
regimen (response or stable disease ≥24 weeks) or had progressed on a
palbociclib-based therapy in the adjuvant setting. Patients were randomly
assigned (2:1 ratio) to either palbociclib rechallenge plus second-line ET
(fulvestrant or letrozole) or second-line ET alone. Stratification factors were
previous ET and visceral involvement. The primary end point was investigator-
assessed progression-free survival (PFS).

RESULTS Between April 2019 and October 2022, 136 and 62 patients were randomly
assigned to palbociclib plus ET or ET alone, respectively. Median investigator-
assessed PFS was 4.9 months (95% CI, 3.6 to 6.1) with palbociclib plus ET
versus 3.6 months (95% CI, 2.5 to 4.2) with ET alone (hazard ratio, 0.84 [95%
CI, 0.66 to 1.07]; P 5 .149). Grade ≥3 treatment-emergent adverse events
were higher with palbociclib plus ET (47.4% v 10.0%), without new safety
signals.

CONCLUSION Palbociclib rechallenge plus an alternative ET did not significantly improve PFS
compared with ET alone in patients with hormone receptor–positive/HER2-
negative ABC progressing on a first-line palbociclib-based ET regimen.

INTRODUCTION

Targeting endocrine sensitivity until exhaustion is the
mainstay of treatment for patients with hormone receptor–
positive/human epidermal growth factor receptor 2 (HER2)–
negative advanced breast cancer (ABC).1

The gold standard for first-line therapy consists of the
combination of a cyclin-dependent kinase 4 and 6 inhibitor
(CDK4/6i) with an endocrine agent. This is based on
four phase III studies that demonstrated that the addition of a
CDK4/6i (palbociclib, ribociclib, or abemaciclib) to an aro-
matase inhibitor for the treatment of patients with
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endocrine-sensitive, hormone receptor–positive/HER2-
negative ABC significantly improves median progression-
free survival (PFS) and overall response rate (ORR)
compared with single-agent endocrine therapy (ET).2-5

Two of these trials have also shown a statistically signifi-
cant improvement in overall survival (OS).2,4 Additionally,
three other phase III trials have confirmed the benefit of
adding a CDK4/6i to fulvestrant among endocrine-sensitive
or endocrine-resistant patients in terms of PFS and ORR,6-8

with two of these trials also demonstrating significant OS
benefits.9,10 Finally, the PARSIFAL study provided no in-
creased benefit for fulvestrant when compared with letro-
zole in combination with palbociclib in the first-line
endocrine-sensitive, hormone receptor–positive/HER2-
negative ABC population.11

Unfortunately, most patients on a CDK4/6i-based first-
line therapy for hormone receptor–positive/HER2-nega-
tive ABC will progress, and there is no consensus on the
optimal treatment beyond progression. In this setting, the
median PFS reported for fulvestrant as a control arm from
pivotal studies is in the range of 1.9-2.6 months.12,13 The
combination of fulvestrant with phosphoinositide 3-ki-
nase/protein kinase B/mammalian target of rapamycin
(PI3K/AKT/mTOR) inhibitors, such as everolimus,14-16

alpelisib,17,18 or capivasertib,19 has provided consistent
improvements, particularly for tumors harboring PIK3CA/
AKT1/PTEN mutations. In the post-CDK4/6i scenario,
elacestrant, the first of a new generation of selective es-
trogen downregulators (SERD), has shown significant
activity on patients whose tumors harbor an estrogen
receptor-1 (ESR1) gene mutation.20

Tumor samples from patients progressing on first-line
regimens have shown that drivers of adaptive resistance
were more frequently related to the endocrine agent than to
CDK4/6i.21,22 As a consequence, rechallenge of the CDK4/6

pathway inhibition beyond progression in combination with
a second-line ET is being extensively explored.22-26

Here, we report the results of the PALMIRA trial, a phase II
randomized study exploring palbociclib rechallenge with an
alternative second-line ET versus second-line ET alone in
patients with hormone receptor–positive/HER2-negative
ABC who progressed on a first-line palbociclib-containing
regimen.

METHODS

Study Design and Patients

PALMIRA trial is an international, randomized, open-label,
phase II study (ClinicalTrial.gov identifier: NCT03809988;
clinical study protocol available as Data Supplement) con-
ducted across 41 sites in six countries.

Eligible participants were age 18 years or older with any
menopausal status and locally confirmed hormone receptor–
positive/HER2-negative, unresectable, locally advanced, not
amenable to surgical resection or radiotherapy with curative
intent, or metastatic breast cancer. Patientsmust have shown
radiologically confirmed disease progression on first-line
palbociclib plus ET-based treatment after having achieved a
clinical benefit to this regimen (objective response or stable
disease ≥24 weeks). In addition, patients relapsing on a
palbociclib-based regimen in the adjuvant setting were
suitable for the study if disease progression was confirmed
after at least 12 months from CDKi-based treatment start but
no more than 12 months after palbociclib treatment com-
pletion in this scenario. Last dose of palbociclib must have
been administered no later than 8 weeks and not earlier than
7 days from study entry, with the exception of patients re-
lapsing on a palbociclib-based regimen in the adjuvant set-
ting. Key exclusion criteria were visceral crisis, previous

CONTEXT

Key Objective
To evaluate whether palbociclib rechallenge with an alternative second-line endocrine therapy (ET) would represent an
active therapeutic option in patients with disease progression after a first-line palbociclib-based regimen.

Knowledge Generated
Palbociclib rechallenge did not significantly improve median progression-free survival when combined with second-line ET.

Relevance (K.D. Miller)
These negative results are consistent with the previously reported PACE trial and differ significantly from trials showing a
benefit (albeit modest) from the use of ribociclib or abemaciclib after progression on prior cyclin-dependent kinase
inhibitor–containing regimens. Combined with the differing results in the adjuvant setting, preferential use of palbociclib is
not justified.*

*Relevance section written by JCO Senior Deputy Editor Kathy D. Miller, MD.
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treatment with chemotherapy in themetastatic setting, the
use of a CDK4/6i other than palbociclib, and previous re-
sistance to fulvestrant and letrozole. Patients with active
uncontrolled and symptomatic central nervous system
metastases or leptomeningeal disease were excluded. Full
eligibility criteria are described in the Data Supplement
(Table S1, online only).

This study was performed in agreement with the guidelines
of the International Conference on Harmonization and the
ethical principles in the Declaration of Helsinki, and all
applicable regulations. All patients provided written in-
formed consent before participation in any study-related
activities. Approvals from regulatory authorities and ethics
committees were appropriately obtained.

Random Assignment and Masking

Patients were assigned in a 2:1 ratio to receive either palbo-
ciclib rechallenge plus ET or ET alone by a central random-
ization procedure using the electronic case-report-forms
software (OpenClinica, Waltham, MA). Random assignment
was stratified according to previous ET (fulvestrant v aro-
matase inhibitor) and the presence of visceral involvement
(yes v no). All study participants and site teams were aware of
treatment assignment.

Procedures

Study treatment was initiated at random assignment (day 0).
Patients were treated with palbociclib at the same dose level
received when completing the previous palbociclib-based
regimen (125, 100, or 75 mg administered orally once daily
in 4-week cycles [3 weeks of treatment followed by 1 week
off]) in combination with second-line ET, either fulvestrant
(500 mg once daily on days 1 and 15 during the first 28-day
cycle, and once monthly thereafter, administered intramus-
cularly) or letrozole (2.5 mg once daily, administered orally;
continuous treatment), or with second-line ET alone. Ad-
ministration of second-line ET was chosen depending on the
previous administered agent. Pre- or perimenopausal women
also received a gonadotropin-releasing hormone agonist.

Treatment continued until disease progression, unaccept-
able toxicity, death, or patient withdrawal for any reason.
Dosing interruptions and dose reduction were allowed for
palbociclib as defined by prespecified protocol guidelines but
were not applicable to fulvestrant and letrozole per label.
Patients were permitted to discontinue palbociclib and
continue with ET alone.

Tumor assessments were carried out by computed tomog-
raphy or magnetic resonance imaging according to RECIST
version 1.1 at baseline and every 8 weeks up to 12 months of
study treatment start. Thereafter, disease assessment was
performed every 12 weeks until disease progression, initi-
ation of a new anticancer therapy, or withdrawal from the
study, whichever came first. Bone scans were carried out at

baseline and every 24 weeks until the end of the study for
patients with bone lesions identified at baseline, unless
clinically or biochemically suspected bone progression.
Laboratory tests, vital signs, weight, and Eastern Coopera-
tive Oncology Group (ECOG) performance status were
assessed on day 1 of every cycle for the first six cycles and on
day 1 every two cycles thereafter. A complete blood countwas
also performed on day 14 of the first two cycles.

Safety was evaluated with the same frequency in all patients
who received at least one dose of study treatment by as-
sessment of adverse events, clinical laboratory tests,
physical examinations, and vital signs. Common Termi-
nology Criteria for Adverse Events version 5.0 was used to
grade toxicity at each cycle.

Outcomes

The primary end point was investigator-assessed PFS de-
fined as the time from random assignment until objective
tumor progression or death, whichever occurred first,
according to RECIST version 1.1. Secondary end points in-
cluded ORR (best overall response of complete/partial re-
sponse in patients with/without measurable disease at
baseline), duration of response (time from the first occur-
rence of a documented objective response to disease pro-
gression or death from any cause), time to response (time
from the start of study treatment to the first objective tumor
response [tumor shrinkage of ≥30%]), clinical benefit rate
(CBR; best overall response of complete/partial response or
stable disease for ≥24 weeks), OS (time from the first dose of
study treatment until death from any cause), and safety.
Exploratory end points included the analysis of potential
molecular markers of sensitivity and/or resistance for the
combination of palbociclib plus ET, according to, but not
limited to, the results obtained from the BioPER trial
(ClinicalTrials.gov identifier: NCT03184090).22

Statistical Methods

Efficacy end points were assessed in all patients randomly
assigned to receive study treatment. Safety was assessed in
all patients who received at least one dose of study treat-
ment. Detailed statistical methodology is shown in the Data
Supplement.

RESULTS

Patients and Treatment

From April 10, 2019, to October 26, 2022, 198 patients were
randomly assigned (ratio 2:1) to receive palbociclib rechal-
lenge plus letrozole or fulvestrant (n 5 136) or single-agent
letrozole or fulvestrant (n 5 62). Of the randomly assigned
patients, 195 (98.5%) patients received at least one dose of
study treatment (135 [99.2%] in the palbociclib plus ET arm
and 60 [96.8%] in the ET arm), whereas three (1.5%) pa-
tients did not start study treatment because of investigator
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decision (n 5 1), patient’s decision (n 5 1), and protocol
violation (n 5 1; Fig 1).

Baseline characteristics were balanced between study arms.
Themedian agewas 59 years (range, 33-85). Visceral disease
and liver metastases were present in 121 (61.1%) and 77
(38.9%) of all patients, respectively. A total of 174 (87.9%)
patients were postmenopausal, 121 (61.1%) had ECOG per-
formance status 0, 178 (89.9%) had received previous
treatment with an aromatase inhibitor–based regimen as
first-line therapy for advanced disease, and 196 (99.0%) had
previously been treated with palbociclib in the advanced
scenario. Overall, 39.0%of patients in the palbociclib plus ET
arm completed their previous treatment with palbociclib at a
dose of 100 mg or less. Finally, 170 (85.9%) patients had
received previous treatment with a first-line palbociclib-
containing regimen for at least 12 months in the advanced
setting. Table 1 shows the demographic and baseline char-
acteristics for all patients.

The final analysis was conducted after the occurrence of 158
events of disease progression or death (107 [78.7%] in the
palbociclib plus ET arm and 51 [82.3%] in the ET arm).

At thisfinal analysis, with amedian follow-up of 13.2months
(range, 0.0-41.1), 24 (17.6%) patients receiving palbociclib
plus ET and eight (12.9%) patients receiving ET alone were
continuing treatment (Fig 1).

Efficacy

At the data cutoff date for the primary efficacy analysis
(February 2, 2023), the median investigator-assessed PFS
was 4.9months (95% CI, 3.6 to 6.1) in the palbociclib plus ET
arm versus 3.6 months (95% CI, 2.5 to 4.2) in the ET arm
(hazard ratio [HR], 0.84 [95% CI, 0.66 to 1.07]; two-sided
P 5 .149; Fig 2 and Data Supplement, Table S2). For the
preplanned events (April 7, 2022), the difference between
arms showed an HR of 0.77 (95% CI, 0.59 to 1.02, P 5 .068;
Data Supplement, Fig S1). In addition, landmark analysis for
PFS was performed at 6 and 12 months. Accordingly, 6-
month PFS rates were 42.1% (95% CI, 33.3 to 50.7) and
29.1% (95% CI, 18.1 to 40.9) for the palbociclib plus ET and
ET arms, respectively. The difference rate between both arms
in terms of 6-month PFSwas 13.1% (95%CI,–1.6 to 27.7, P5

.086). In contrast, 12-month PFS rates were 12.4% (95% CI,
6.8 to 19.8) and 12.3% (95% CI, 4.9 to 23.5), respectively

PALMIRA study Screening
(N = 248)

Not randomly assigned
  Selection criteria
  Withdrawal of consent
  Investigator’s decisión
  Out of screened period

(n = 50)
(n = 40)

(n = 5)
(n = 4)
(n = 1)

Intention-to-treat
Randomly assigned

(n = 198)

Patients ongoing
(n = 32)

Palbociclib + ET
(n = 136)

Treated with palbociclib + ET
(n = 135)

Continued with palbociclib + ET
(n = 24)

Not treated
  Physician’s decision

(n = 1)
(n = 1)

Discontinued
  Disease progression
  Deaths due to unrelated TEAEs
  TEAEs
  Physician’s decision
  Patient’s decision

(n = 111)
(n = 105)

(n = 2)
(n = 2)
(n = 1)
(n = 1)

ET
(n = 62)

Treated with ET
(n = 60)

Continued with ET
(n = 8)

Not treated
  Protocol deviationa

  Patient’s decision

(n = 2)
(n = 1)
(n = 1)

Discontinued
  Disease progressions
  TEAEs

(n = 52)
(n = 51)
(n = 1)

Safety analysis
Treated

(n = 195)

FIG 1. CONSORT diagram. Patient enrollment and disposition. aThe patient was randomly assigned but did not meet
selection criteria (history of bleeding diathesis with anticoagulation treatment). Consequently, the patient did not receive
the study treatment. ET, endocrine therapy; TEAEs, treatment-emergent adverse events.
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(Data Supplement, Table S2). Although subgroup analyses of
PFS according to stratification factors and other baseline
characteristics showed no significant differences between
treatment arms across all prespecified subgroups, they did

suggest a potential benefit of palbociclib rechallenge in
patients with visceral involvement, age <65 years, or those
who had received ≥12 months of first-line palbociclib
treatment. The median PFS was 5.5 months (95% CI, 3.6 to

TABLE 1. Baseline Characteristics

Baseline Characteristic Palbociclib 1 ET (n 5 136) ET (n 5 62) Overall (N 5 198)

Age in years, median (min; max) 59 (33; 85) 61 (34; 83) 59 (33; 85)

Ethnicity, No. (%)

Caucasian 126 (92.6) 58 (93.5) 184 (92.9)

Other 10 (7.4) 4 (6.5) 14 (7.1)

Menopausal status, No. (%)

Premenopausal 18 (13.2) 6 (9.7) 24 (12.1)

Postmenopausal 118 (86.8) 56 (90.3) 174 (87.9)

ECOG performance status, No. (%)

0 90 (66.2) 31 (50.0) 121 (61.1)

≥1a 46 (33.8) 31 (50.0) 77 (38.9)

Measurable disease at baseline, No. (%)

No 42 (30.9) 18 (29.0) 60 (30.3)

Yes 94 (69.1) 44 (71.0) 138 (69.7)

De novo advanced breast cancer, No. (%)

No 88 (64.7) 41 (66.1) 129 (65.2)

Yes 48 (35.3) 21 (33.9) 69 (34.8)

Visceral involvement, No. (%)

No 52 (38.2) 25 (40.3) 77 (38.9)

Yes 84 (61.8) 37 (59.7) 121 (61.1)

Metastatic sites, No. (%)

<3 92 (67.6) 38 (61.3) 130 (65.7)

≥3 44 (32.4) 24 (38.7) 68 (34.3)

Hormone receptor status, No. (%)

ER-positive and PgR-positive 90 (66.2) 43 (69.4) 133 (67.2)

ER-positive and PgR-negative 46 (33.8) 19 (30.6) 66 (32.8)

Previous palbociclib-based regimen, No. (%)

Adjuvant setting 1 (0.7) 1 (1.6) 2 (1.0)

Advanced disease 135 (99.3) 61 (98.4) 196 (99.0)

Palbociclib dose at last palbociclib line, mg, No. (%)

125 83 (61.0) 33 (53.2) 116 (58.6)

100 45 (33.1) 27 (43.5) 72 (36.4)

75 8 (5.9) 2 (3.2) 10 (5.0)

Previous ET used in combination with first-line palbociclib, No. (%)

Fulvestrant 16 (11.8) 4 (6.5) 20 (10.1)

Aromatase inhibitor 120 (88.2) 58 (93.5) 178 (89.9)

Best response to previous palbociclib-based regimen for advanced disease, No. (%)

Complete response 8 (5.9) 5 (8.2) 13 (6.6)

Partial response 46 (34.1) 26 (42.6) 72 (36.7)

Stable disease ≥24 weeks 81 (60.0) 30 (49.2) 111 (56.6)

Duration of the previous palbociclib line of therapy in months, median (min; max) 20.6 (6.2; 64.6) 21.8 (6.3; 52.2) 21.0 (6.2; 64.6)

Duration of previous palbociclib line (<12; ≥12 months), No. (%)

<12 months 18 (13.2) 10 (16.1) 28 (14.1)

≥12 months 118 (86.8) 52 (83.9) 170 (85.9)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; ET, endocrine therapy.
aOne patient in palbociclib 1 ET arm has ECOG 2.
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6.4) in the palbociclib plus ET arm versus 3.6 months (95%
CI, 2.5 to 5.2) in the ET arm for patients who
received ≥12 months of first-line palbociclib-based treat-
ment (HR, 0.83 [95% CI, 0.63 to 1.07]; Fig 3 and Data
Supplement, Fig S2).

OS data were immature at data cutoff, with 70 events in total
(35.3%) in both study arms. Themedian OS was 28.3 months
(95% CI, 20.9 to 36.2) in the palbociclib plus ET arm versus

28.8 months (95% CI, 19.5 to 35.4) in the ET-alone arm (HR,
1.06 [95% CI, 0.75 to 1.51]; Data Supplement, Fig S3).

Locally determined ORR was 4.4% (95% CI, 1.6 to 9.4) in the
palbociclib plus ET arm and 1.6% (95% CI, 0.0 to 8.7) in the
ET alone arm, all being partial responses (Data Supplement,
Table S3). In patients with measurable disease (n 5 138;
69.7%), ORR was 6.4% (95% CI, 2.4 to 13.4) and 2.3% (95%
CI, 0.1 to 12), respectively (Data Supplement, Table S3). CBR

Median follow-up of 13.2 months, 158 events

mPFS (months) 6-month PFS 12-month PFS

ET+ palbociclib 4.9 42.1% 12.4%

ET 3.6 29.1% 12.3%

HR, 0.84 (95% CI, 0.66 to 1.07)

Two-sided P = .149

0

25

50

75

100

0 6 12 18 24 30

Time (months)

PF
S 

(%
)

136 (100) 47 (35) 11 (8) 4 (3) 2 (1) 0 (0)

62 (100) 16 (26) 4 (6) 2 (3) 1 (2) 0 (0)ET

ET+palbociclib

Patients at risk, No. (%)

FIG 2. Kaplan-Meier curve for investigator-assessed progression-free survival at 158 events. ET,
endocrine therapy, HR, hazard ratio; mPFS, median progression-free survival; PFS, progression-
free survival.
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Events, No./No. (%)

107 / 136 (78.7)

73 / 94 (77.7)
34 / 42 (81)

96 / 120 (80)
11 / 16 (68.8)

70 / 90 (77.8)
37 / 46 (80.4)

65 / 92 (70.7)
42 / 44 (95.5)

34 / 52 (65.4)
73 / 84 (86.9)

14 / 18 (77.8)
93 / 118 (78.8)

4.9 (3.6  to  6)

4.1 (3.5 to 5.8)
5.5 (2.5 to 7.6)

4.1 (3.5 to 5.8)
6.7 (2.5 to 14)

4.9 (3.5 to 6.8)
4.1 (2.8 to 5.7)

5.7 (3.6 to 7.4)
3.5 (2 to 5.5)

8.8 (4.2 to 11)
3.6 (2.3 to 5.4)

1.8 (1.7 to 12)
5.5 (3.6 to 6.4)

ET
Events, No./No. (%)

51 / 62 (82.3)

29 / 33 (87.9)
22 / 29 (75.9)

47 / 58 (81)
4 / 4 (100)

25 / 31 (80.6)
26 / 31 (83.9)

30 / 38 (78.9)
21 / 24 (87.5)

18 / 25 (72)
33 / 37 (89.2)

8 / 10 (80)
43 / 52 (82.7)

(n = 136)
Median PFS,

Months (95% CI)

(n = 62)
Median PFS,

Months (95% CI)

3.6 (2.5 to 4.2)

2.7 (1.9 to 3.9)
3.6 (3.5 to 7.1)

3.6 (2.7 to 4.2)
3.1 (1.6 to NA)

3.6 (1.9 to 7.3)
3.6 (2.5 to 5.5)

3.7 (2.7 to 7.1)
2.9 (1.8 to 4.2)

4.4 (2.8 to 11.1)
2.8 (1.8 to 3.9)

3.5 (1 to NA)
3.6 (2.5 to 5.2)

Adjusted HR

(95% CI)

Characteristic

0.84 (0.66 to 1.07)

0.71 (0.52 to 0.97)
0.95 (0.65 to 1.4)

0.86 (0.67 to 1.11)
0.53 (0.21 to 1.3)

0.8 (0.58 to 1.11)
0.92 (0.64 to 1.32)

0.91 (0.67 to 1.24)
0.73 (0.5 to 1.07)

0.94 (0.62 to 1.42)
0.79 (0.59 to 1.06)

0.93 (0.5 to 1.73)
0.83 (0.63 to 1.07)

Interaction P

.239

.313

.581

.374

.239

.734

0.40 0.55 0.75 1.0 1.3 1.6 2.0

 ET + Palbociclib Better ET Better

FIG 3. Forest plot of PFS according to stratification factors and baseline characteristics. ECOG PS, Eastern Cooperative Oncology Group
performance status; ET, endocrine therapy; HR, hazard ratio; NA, not applicable; PFS, progression-free survival.
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was 41.9% (95% CI, 33.5 to 50.7) in the palbociclib plus ET
arm and 27.4% (95% CI, 16.9 to 40.2) in the ET-alone arm
(Data Supplement, Table S3). In addition, the difference
between groups in terms of CBR estimated with odds ratio
was 0.62 (95% CI, 0.38 to 0.98, P 5 .044).

Safety

Median relative dose intensitywas 100.0% for ET in both arms
and 95.6% (IQR, 86.8-99.6) for palbociclib in the palbociclib
plus ET arm. Palbociclib dose was reduced and interrupted
according to protocol in 14 (10.4%) and 54 (40.0%) patients,
respectively. Overall permanent discontinuation of study
treatment due to adverse events occurred in five (3.7%) pa-
tients in the palbociclib plus ET arm and in one (1.7%) patient
in the ET-alone arm (Data Supplement, Table S4).

Treatment-emergent adverse events (TEAEs) of any grade
occurred in 125 (92.6%) patients receiving palbociclib plus
ET and in 52 (86.7%) patients receiving ET. Grade ≥3 TEAEs
occurred in 64 (47.4%) patients receiving palbociclib plus ET
and in six (10.0%) receiving exclusive ET. Except for neu-
tropenia, most TEAEs were of grade 1 or 2. Only patients
receiving palbociclib and ET developed grade 3 or 4 hema-
tologic TEAEs, including neutropenia (38.5%), leukopenia
(3.7%), anemia (3.0%), and thrombocytopenia (0.7%;
Table 2).

Serious TEAEs from any cause occurred in 10 (7.4%) patients
in the palbociclib plus ET arm and in two (3.3%) patients in
the ET-alone arm (Data Supplement, Table S5). Two of
these serious TEAEswere related to palbociclib (pneumonitis
and transaminases increased). Two patients died due to

unrelated toxicities in the palbociclib plus ET arm (pulmo-
nary hypertension and thrombotic thrombocytopenic pur-
pura). No treatment-related deaths were reported.

DISCUSSION

PALMIRA is the only randomized trial to specifically evaluate
the activity of CDK4/6i palbociclib as rechallenge in com-
bination with second-line ET in patients with hormone
receptor–positive/HER2-negative ABC who had previously
progressed on the same CDK4/6i. However, the study did not
meet its primary objective as no significant improvement in
PFS was observed for palbociclib as a rechallenge strategy in
the second-line setting. The safety profile of study treat-
ments was in line with previous studies and no unexpected
safety signals were identified.

Our results are consistent with those reported in the PACE
study, a randomized phase II study designed to determine
the optimal subsequent line of therapy for patients with
hormone receptor–positive/HER2-negative ABC that had
progressed on previous treatment with CDK4/6i and an
aromatase inhibitor. In the PACE study, a total of 220 pa-
tients were randomly assigned (1:2:1) to receive fulvestrant,
fulvestrant plus palbociclib, or fulvestrant plus palbociclib
and avelumab.23,27 The study determined that combining
palbociclib with fulvestrant after progression on previous
CDK4/6i (90.0% palbociclib) did not prolong PFS compared
with fulvestrant (4.6 v 4.8 months, HR, 1.11 [90% CI, 0.79 to
1.55]; two-sided P 5 .62). Taken together, the PALMIRA and
PACE studies demonstrate that the strategy of maintaining
the same CDK4/6i after progression, at least with palboci-
clib, is not an effective approach.

TABLE 2. Summary of TEAEs by Maximum Severity Affecting At Least 10% or Grade ≥4 (safety analysis)

TEAE

ET 1 Palbociclib (n 5 135), No. (%) ET (n 5 60), No. (%)

Any Grade Grade 3 Grade 4 Grade 5 Any Grade Grade 3 Grade 4

Any 125 (92.6) 54 (40.0) 8 (5.9) 2 (1.5) 52 (86.7) 6 (10.0) 0 (0)

Hematologic 81 (60) 47 (34.8) 6 (4.4) 1 (0.7) 8 (13.3) 0 (0) 0 (0)

Neutropenia 71 (52.6) 46 (34.1) 6 (4.4) 0 (0) 1 (1.7) 0 (0) 0 (0)

Anemia 25 (18.5) 4 (3.0) 0 (0) 0 (0) 5 (8.3) 0 (0) 0 (0)

Leukopenia 14 (10.4) 5 (3.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Thrombotic thrombocytopenic purpura 1 (0.7) 0 (0) 0 (0) 1 (0.7) 0 (0) 0 (0) 0 (0)

Nonhematologic 109 (80.7) 12 (8.9) 2 (1.5) 1 (0.7) 50 (83.3) 6 (10.0) 0 (0)

Fatigue 37 (27.4) 0 (0) 0 (0) 0 (0) 14 (23.3) 0 (0) 0 (0)

Arthralgia 23 (17.0) 2 (1.5) 0 (0) 0 (0) 7 (11.7) 0 (0) 0 (0)

Nausea 16 (11.9) 0 (0) 0 (0) 0 (0) 7 (11.7) 0 (0) 0 (0)

GGT increased 6 (4.4) 3 (2.2) 1 (0.7) 0 (0) 1 (1.7) 0 (0) 0 (0)

Colitis ischemic 1 (0.7) 0 (0) 1 (0.7) 0 (0) 0 (0) 0 (0) 0 (0)

Acidosis 1 (0.7) 0 (0.0) 0 (0.0) 1 (0.7) 0 (0.0) 0 (0.0) 0 (0.0)

Pulmonary hypertension 1 (0.7) 0 (0.0) 0 (0.0) 1 (0.7) 0 (0.0) 0 (0.0) 0 (0.0)

NOTE. Two patients died due to unrelated toxicities (pulmonary hypertension plus acidosis and thrombotic thrombocytopenic purpura).
Abbreviations: ET, endocrine therapy; GGT, gamma-glutamyl transferase; TEAEs, treatment-emergent adverse events.
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Conversely, the randomized double-blind phase IIMAINTAIN
trial explored the role of ribociclib versus placebo with ful-
vestrant or exemestane in patients progressing on a CDK4/6i
that was mostly palbociclib (84.0%). The study included a
slightly more pretreated population; 18% of patients had
received more than one previous line of ET and 9% one
pervious line of chemotherapy for advanced disease. The
combination of ribociclib plus ET led to a statistically sig-
nificant improvement in PFS compared with ET plus placebo
(5.3 v 2.8 months, HR, 0.57 [95% CI, 0.39 to 0.95]; P 5 .006).
Subgroup analysis suggested a similar benefit independently
of the preceding CDK4/6i, but only 14 patients had received
ribociclib as the previous line of treatment.24 Following the
findings from the MAINTAIN, the phase III postMONARCH
trial provides additional insights into the potential benefit of
the CDK4/6i rechallenge. This study investigated the efficacy
of abemaciclib in combination with fulvestrant in patients
with hormone receptor–positive/HER2-negative ABC who
hadpreviously progressed on a CDK4/6i andET. Notably, 59%
of patients had received previous treatment with palbociclib.
The study demonstrated a significant improvement in PFS
with the combination therapy compared with placebo (HR,
0.73 [95% CI, 0.57 to 0.95]; P 5 .01). Specifically, the median
investigator-assessed PFS was 6.0 months (95% CI, 5.6 to
8.6) for the combination therapy versus 5.3 months (95% CI,
3.7 to 5.6) for fulvestrant alone. The 6-month PFS rates were
50% and 37%, respectively. This benefit seems to be mostly
confined to patients previously treated with palbociclib.28

Interestingly, different real-world data studies have also
suggested a continued benefit from the CDK4/6i rechal-
lenge strategy. However, they must be interpreted with
caution due to potential biases, including small sample size,
patient selection, timing since previous CDK4/6i-con-
taining regimen, and the use of a different CDK4/6i, such as
abemaciclib or ribociclib after disease progression on
previous palbociclib-based populations.29-31

The results from the above-mentioned studies raise the
possibility for a noncomplete cross resistance in CDK4/6
inhibition. In addition, the ongoing randomized phase III
EMBER-3 study is exploring abemaciclib in combination
with imlunestrant (a next-generation SERD) as second-line
therapy beyond recurrence or progression during or after
aromatase inhibitor therapy, administered alone or with a
CDK4/6i-based regimen.26 Recent results indicate that the
combination of abemaciclib with imlunestrant significantly
improved PFS comparedwith imlunestrant, regardless of the
ESR1-mutation status.32

The efficacy observed in PALMIRA and PACE studies in the
control arm, mainly consisting of fulvestrant, was better
than previous reports in other trials that included patients
resistant to CDK4/6i therapy (median PFS approximately 2
months).12,24,33 These results may be caused by differences in
previous treatments and clinicopathologic characteristics.
PALMIRA included a pure second-line patient population
with no resistant criteria to at least one of the two endocrine

options, fulvestrant or letrozole. As well, previous treatment
with chemotherapy or other ET-based therapies was not
allowed in the advanced setting. In the PACE trial, 77.0% of
the patients received protocol therapy as second line and
16.0% had been treated with one previous line of chemo-
therapy for advanced disease. Therefore, although there are
slight differences in the patient population between PAL-
MIRA and PACE, both trials included a less pretreated patient
population than other studies.27,34,35

Identifying clinical and molecular predictors of endocrine
and CDK4/6i sensitivity is imperative for treatment decision
in the clinic. Two biomarkers, ESR1 and PIK3CA, are already
available in the clinic, as both have shown to guide sensitivity
to specific treatments after progression on a CDK4/6i-based
regimen. Elacestrant as a single agent has provided a sub-
stantial gain in ESR1-mutated tumors progressing to at least
a CDK4/6i-containing regimen.12 Additionally, two studies
conducted in patients with PIK3CA-mutated and endocrine-
resistant ABC have shown a consistent PFS benefit with the
addition of alpelisib, an alpha-specific PI3K inhibitor, to
fulvestrant. The cohort of patients pretreated with a CDK4/6i
achieved a similar benefit gain than non-pretreated patients.
For this reason, the identification of predictors of response
to second-line ET with CDK4/6i rechallenge therapy is
critical to improve patient selection.17,18

In the BioPER study, potential biomarkers related to the ef-
ficacy of continuing palbociclib plus ET beyond progression
on previous palbociclib-based regimen were explored. All 36
patients underwent a tumor biopsy before palbociclib
rechallenge. The presence of baseline low retinoblastoma
score, high cyclin E1 score, and ESR1 mutations were all as-
sociated with a worse outcome, and a signature that included
these biomarkers strongly predicted worse prognosis.22

The duration of the CDK4/6i regimen in the metastatic
setting has been identified as a potential clinical marker. A
subanalysis from PARSIFAL-Long identified that patients
with a PFS ≥12 months during treatment with CDK4/6i had a
much better OS than patients who progressed within a year
of treatment, namely 81.5 and 24.0 months, respectively.
Similarly, in the EMERALD study, a PFS ≥12 months on a
CDK4/6i was strongly predictive for subsequent sensitivity
to elacestrant among ESR1-mutated patients.36,37

Interestingly, in the PALMIRA study, up to 80% of patients
presented a PFS ≥12 months on previous palbociclib, and we
identified a higher difference in PFS in favor of rechallenge of
palbociclib with ET.

In conclusion, palbociclib rechallenge did not significantly
improve median PFS when combined with second-line ET in
patients with hormone receptor–positive/HER2-negative
ABC who had immediately progressed on previous
palbociclib-based therapy. A planned biomarker analysis
may help identify which patients are more likely to benefit
from this therapeutic approach.
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18Hôpital Jean Minjoz, Doubs, France
19Hospital Universitario Virgen del Rocı́o, Sevilla, Spain
20Division of New Drugs and Early Drug Development for Innovative
Therapies, European Institute of Oncology, IRCCS, Milan, Italy
21Department of Oncology and Hemato-Oncology (DIPO), University of
Milan, Milan, Italy
22International Breast Cancer Center (IBCC), Pangaea Oncology, Quiron
Group, Barcelona, Spain
23Department of Medicine, Faculty of Biomedical and Health Sciences,
Universidad Europea de Madrid, Madrid, Spain
24IOB Madrid, Hospital Beata Marı́a Ana, Madrid, Spain

CORRESPONDING AUTHOR

Antonio Llombart-Cussac, MD, PhD; e-mail: antoniollombart@
medsir.org.

DISCLAIMER

PALMIRA was conceived and designed by Medica Scientia Innovation
Research (MEDSIR) and supported by - Pfizer Inc., which funded the
study and provided palbociclib. MEDSIR, as legal Sponsor of the study,
was responsible for the compliance with clinical and regulatory
procedures, and adherence to study protocol. MEDSIR was also
responsible for the collection, management, analysis, data
interpretation, and for writing the report. The funder of the study had no
role in data collection, management, data analysis, data interpretation,
writing of the report, or decision to submit the manuscript for
publication. All authors had full access to the data used to prepare the
manuscript and participated in writing, editing, and/or critically
reviewing the manuscript. The corresponding author had access to all

data in the study and had the final responsibility for the decision to
submit the manuscript for publication.

PRIOR PRESENTATION

Presented at the 2023 ASCO Annual Meeting, Chicago, IL, June 2-6,
2023 (abstr 1001).

SUPPORT

Supported by Pfizer.

CLINICAL TRIAL INFORMATION

NCT03809988

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JCO-24-01865.

DATA SHARING STATEMENT

A data sharing statement provided by the authors is available with this
article at DOI https://doi.org/10.1200/JCO-24-01865.

AUTHOR CONTRIBUTIONS

Conception and design: Antonio Llombart-Cussac, Audrey Hennequin,
Vega Iranzo, Miguel Sampayo-Cordero, José Manuel Pérez-Garcı́a,
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