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ABSTRACT

Endocrine-based combination therapy with an inhibitor of the
cyclin-dependent kinases 4 and 6 (CDK4/6 inhibitors) is cur-
rently the first-line therapy of choice for patients with hor-
mone receptor-positive (HR+) and human epidermal growth
factor receptor 2-negative (HER2-), locally advanced or me-
tastatic breast cancer (mBC). The efficacy and safety of the
treatment with palbociclib, the first CDK4/6 inhibitor ap-
proved for this indication, have been confirmed in large rando-
mized controlled clinical trials (RCTs) with strictly defined pa-
tient cohorts. Since then, many relevant questions about
CDK4/6 inhibition with palbociclib for mBC have been investi-
gated in RCTs and real-world studies. Based on this evidence,
palbociclib is widely used in clinical practice since many years
because of its efficacy and good tolerability.
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The aim of this review is to summarize findings from RCTs and
RWE considering clinically relevant aspects such as safety, tol-
erability, quality of life and efficacy with a focus on specific
questions and patient characteristics. A critical discussion and
review of the overall evidence for endocrine-based therapy
with the CDK4/6 inhibitor palbociclib can contribute to sup-
port therapy decisions in daily clinical practice.

ZUSAMMENFASSUNG

Die endokrin basierte Kombinationstherapie mit einem Inhibi-
tor der cyclinabhdngigen Kinasen 4 und 6 (CDK4/6-Inhibitor)
gilt heute als Erstlinientherapie der ersten Wahl fir Patientin-
nen und Patienten mit hormonrezeptorpositivem (HR+) und
humaner epidermaler Wachstumsfaktor-Rezeptor 2 (HER2)-
negativem lokal fortgeschrittenem bzw. metastasiertem
Mammakarzinom (mBC). Wirksamkeit und Sicherheit einer
Behandlung mit Palbociclib, dem ersten in dieser Indikation

zugelassenen CDK4/6-Inhibitor, wurden in grofRen randomi-
sierten, kontrollierten klinischen Studien (RCTs) mit streng de-
finierten Patientinnenkollektiven belegt. Seither wurden zahl-
reiche relevante Fragen zur CDK4/6-Inhibition mit Palbociclib
beim mBC in RCTs und Real-World-Evidenz-Erhebungen unter-
sucht. Auf dem Boden dieser Evidenz wird Palbociclib im
klinischen Alltag aufgrund der Wirksamkeit und der guten Ver-
traglichkeit seit vielen Jahren breit eingesetzt.

Ziel des vorliegenden Reviews ist es, Ergebnisse aus RCTs ei-
nerseits und RWE andererseits unter klinisch bedeutsamen
Gesichtspunkten wie Sicherheit, Vertraglichkeit, Lebensquali-
tat und Wirksamkeit mit dem Blick auf spezifische Frage-
stellungen und Patientencharakteristika zusammenzufassen.
Die kritische Diskussion und Ubersicht zur Gesamtevidenz der
endokrin basierten Therapie mit dem CDK4/6-Inhibitor Palbo-
ciclib soll dazu beitragen, Therapieentscheidungen im kli-
nischen Alltag zu stiitzen.

Introduction

Following several new diagnostic and, especially, therapeutic de-
velopments, the prognosis of patients with locally advanced or
metastatic breast cancer (mBC) has improved significantly in re-
cent years. The disease is not curable in its metastatic stage and
the therapeutic approach is therefore palliative. The primary ob-
jectives of a therapy for mBC are symptom control, delayed
progression, prolongation of overall survival, and maintaining the
patient’s quality of life and autonomy [1, 2].

A combination of endocrine therapy (ET) and an inhibitor of
the cyclin-dependent kinases 4 and 6 (CDK4/6 inhibitor) is cur-
rently the standard first-line treatment for the majority of patients
with hormone receptor-positive (HR+)/human epidermal growth
factor 2-negative (HER2-) mBC [3, 4]. In Germany, an aromatase
inhibitor (Al) or fulvestrant is used as the endocrine combination
partner [5, 6, 7]. Analyses of the German PRAEGNANT registry
have shown that the use of CDK4/6 inhibitors plus ET to treat
HR+/HER2- mBC quickly became the standard first-line therapy
following the market launch of the first CDK4/6 inhibitor palboci-
clib in 2016. The percentage of chemotherapies and endocrine
monotherapies has continually decreased ever since [8]. Among
the available CDK4/6 inhibitors, the most extensive real-word evi-
dence currently available is for palbociclib [9]. This review aims to
present and summarize the evidence for the CDK4/6 inhibitor
palbociclib.

Pivotal trials for CDK4/6 inhibitors to treat mBC

In Germany, three CDK4/6 inhibitors (palbociclib, ribociclib and
abemaciclib) in combination with ET are currently approved to
treat HR+/HER2- mBC [5, 6, 7]. The data from the PALOMA-1, 2
and 3 studies were relevant for the approval of palbociclib [10, 11,
12]; for ribociclib, the relevant data were obtained from the
MONALEESA-2, -3 and -7 studies [13, 14, 15]; and the data for
abemaciclib were taken from the MONARCH 3 and 2 studies [16,
17]. The approval of CDK4/6 inhibitors was based on a significant

|”

prolongation of the primary endpoint “progression-free surviva
(PFS) which was observed in all of these studies for the respective
combination therapy when compared to ET monotherapy [10, 12,
13, 14, 15, 16, 17]. The range of side effects for the three CKD4/6
inhibitors differed across the registrational studies [5, 6, 7]. The
first-line studies PALOMA-1 and 2 found no statistically significant
OS benefit from the addition of a CDK4/6 inhibitor to ET [18, 19].
A clinically relevant but statistically not significant OS benefit of
6.9 months was observed in the PALOMA-3 study for palbociclib
plus fulvestrant compared to fulvestrant monotherapy, and this
was confirmed after a follow-up of 73 months [20, 21] (> Table 1).

Additional evidence from randomized trials
with palbociclib

The PALOMA-1, 2 and 3 trials focused on efficacy, safety, tolerabil-
ity, and quality of life and provided the rationale for the use of
palbociclib to treat HR+/HER2- mBC [10, 11, 12]. Nevertheless,
some questions have remained unanswered, and new ones have
arisen, e.g., about the optimal endocrine combination partner for
palbociclib.

This question was adressed in the phase-Il study PARSIFAL
(» Table 2). No differences were found with regards to efficacy
and adverse events between the combination partners letrozole
and fulvestrant [24]. In the combined analysis of both treatment
arms, the PARSIFAL-Long trial reported a mean OS of 65.4 months
(95% Cl: 57-72.0). These data coherently fit into the overall pic-
ture of OS data from other CDK4/6 inhibitor first-line studies [25,
50, 51]. The phase-lll PADA-1 trial investigated whether early
switch of the endocrine partner from letrozole to fulvestrant
would be useful in patients with HR+/HER2- mBC and rising muta-
tion of the estrogen receptor-1 gene (ESRT) [52]. After Al therapy,
ESRT mutations were detected in about 40 % of cases, with certain
alterations imparting Al resistance [53, 54]. In PADA-1, PFS
doubled when therapy was switched from Al plus palbociclib to
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»Table 1 Review of relevant clinical and real-world studies with palbociclib.

mPFS, HR (95% Cl) mOS, HR (95% Cl) Additional endpoints Comments Ref.

RCT

PALOMA-1 (phase Il, n=84/81) efficacy, tolerability; PAL+LET vs. LET in 1L; postmenop. women

20.2 vs. 10.2 mos. 37.5vs. 34.5 mos. ORR, CBR, DOR, safety, Time to first subsequent [11, 18]
HR 0.49 (0.32-0.75), HR 0.90 (0.623-1.294), p=0.281 biomarkers, PROs chemotherapy 26.7 vs. 17.7 mos.
p=0.0004 (mFU: 67.7 mos.)

PALOMA-2 (phase Ill, n=444/222) efficacy, tolerability; PAL+LET vs. LET in 1L; postmenop. women

24.8 vs. 14.5 mos. 53.9vs. 51.2 mos. ORR, DOR, CBR, PROs, PK, Pts. with endocrine resistance [12, 19, 22]
HR 0.58 (0.46-0.72), HR 0.96 (0.78-1.18), p=0.34 safety, biomarkers were included
p<0.001

Update: 27.6 vs. 14.5 mos.
HR 0.56 (0.46-0.69),
p<0.0001

PALOMA-3 (phase Ill, n=347/174) efficacy, tolerability; PAL+FUL vs. FUL in > 1L; pre-/postmenop. women after progression/recurrence under ET

9.5vs. 4.6 mos. Final analysis: 34.9 vs. 28.0 mos. ORR, DOR, CBR, Any number of previous endocrine  [10, 20, 21]
HR 0.46 (0.36-0.59), HR 0.81 (0.64-1.03), p=0.09 biomarkers, proteins, therapies and one previous CT

p<0.0001 Ad hoc analysis: (mFU: 73.3 mos.) RNA expression, safety, for aBC permitted (comparatively

Update: 11.2 vs. 4.6 mos. 34.8vs. 28.0 mos. PROs, PK heavily pretreated cohort)

HR 0.50 (0.40-0.62), HR 0.81 (0.65-0.99)

p <0.0001

PALOMA-4 (phase Ill, n=169/171) efficacy, tolerability; PAL +LET vs. LET in 1L; postmenop. women

21.5vs. 13.9 mos. immature/n. ach. ORR, CBR, DOR, PK, PROs,  Asian population, median age: [23]
HR 0.68 (0.53-0.87), safety 54Y
p=0.001

PARSIFAL/PARSIFAL-LONG (phase Il, n =243/243) superiority, PAL+FUL vs. PAL+LET in 1L; pre-/postmenop. women

27.9vs. 32.8 mos. 3-year OS: 79.4% vs. 77.1% ORR, DOR, CBR, TTP, TTR,  de novo metastasized and/or [24, 25]
HR 1.13 (0.89-1.45), HR 1.00 (0.68-1.48), p=0.986 safety ET-sensitive; European study (also

p=0.321 PARSIFAL-LONG: in GER); PARSIFAL-LONG: pro-
PARSIFAL-LONG: 68.5vs. 61.9 mos. longed mFU: 59.7 mos. with

31.4vs. 34.5mos. HR 0.94 (0.72-1.23), p=0.635 80.5% of pts. (n=197/192) from

HR 1.00 (0.78-1.29), PARSIFAL, prim. EP: prolongation

p=0.985 of 0S

Young-PEARL (phase I, n=92/86) efficacy, tolerability, PAL+EXE+GnRH vs. capecitabine in 1-3 L; premenop. women

20.1vs. 14.4 mos. immature/n. ach. 0S, ORR, toxicity, CBR, 86 % TAM-resistant; [26]
HR 0.66 (0.44-0.99), biomarkers, QoL stratification factor: CT for aBC
p=0.024 and visceral metastases

SONIA (phase Ill, n=524/526) efficacy, tolerability of CDK4/6i in 1L vs. 2 L: FUL-mono after PAL-Al vs. CDK4/6i after Al-mono;
pre-/peri-/postmenop. women

PFS1: 24.7 vs. 16.1 mos., 45.9vs. 53.7 mos., Qol; cost effectivity, ORR,  Dutch sequential study; 91% [27]
HR 0.59 (0.51-0.69), HR 0.98 (0.80-1.20), p=0.83 > grade 3 AEs, biomarkers  treated with PAL; prim. EP: PFS2;
p<0.0001 mFU 37.3 mos.; full publication

PFS2: 31.0vs. 26.8 mos., still pending

HR 0.87 (0.74-1.03), p=0.10
PEARL (phase Ill, cohort 1 PAL+EXE n=153/143, cohort 2 PAL+FUL n=149/156) efficacy of PAL+ET vs. capecitabine in 1-4 L; postmenop. women

Cohort 2: 7.5 vs. 10.0 mos. Cohort 2: 31.7 vs. 32.8 mos. ORR, CBR, DOR, safety, Resistant to Al (recurrence during/  [28, 29]
aHR 1.13 (0.85-1.50), aHR 1.10 (0.81-1.50) p =0.550; PROs within 12 mos. after adjuvant Al or

p=0.398; Cohort 1+ 2, wtESRT: 37.2 vs. progression during /within 1 mo.

Cohort 1+ 2, wtESRT: 34.8 mos.; aHR 1.06 (0.81-1.37), after Al for aBC); OS ITT: 32.6 vs.

8.0vs. 10.6 mos.; aHR 1.11 p=0.683 30.9 mos., HR 1.00 (0.82-1.23),

(0.87-1.41), p=0.404 p=0.995

PATHWAY (phase I, n=91/93) efficacy, tolerability; PAL+TAM vs. TAM in 1L and 2 L; pre-/peri-/postmenop. women

24.4vs. 11.1 mos. mOS n. ach. ORR, CBR, DOR, PK, Asian population; adjuvant [30]

HR 0.60 (0.43-0.85), HR 0.73 (0.44-1.21), p-value n.r.  safety, PROs TAM permitted if TFl >12 mos.;

p=0.002 OS still immature
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»Table 1 continued

mPFS, HR (95% Cl) mOS, HR (95% Cl) Additional endpoints Comments Ref.

PADA-1 (phase Ill, n=1017) efficacy of early switch in 1L from PAL+Al to PAL+FUL if level of ESRTmut increases vs. continuation of PAL+AI

AmPFS=7.0 mos. immature/n. ach. > grade 3 hematological Step 1: PAL + Al n=1017, Step 2:  [31, 32]
HR 0.54 (0.38-0.75) AEs in total population, 172 with ESRTmut and without

AmPFS2 =15.4 mos. QolL, chemotherapy-free tumor progression, 1:1 switch to

HR 0.37 (0.24-0.56) survival, OS PAL+FUL vs. continued PAL+AI

n=88/84; endocrine Al partner
switched to FUL after clinical
progression showed limited
efficacy (mPFS 3.5 mos.)

PreCycle (phase IV, n=499, ITT-PRO n=271/141) effect of electronic PRO collection on QoL; PAL+ET: CANKADO-active vs. CANKADO-inform, 1L and 2 L+

21.4 mos. (19.4-23.7) vs. n.ach. vs. 42.6 mos. TTD of the QoL, DQol, Patient-focused study; prim. EP [33, 34]
18.7 mos. (15.1-23.5) cumulative incidence of mTTD of the QoL (HR 0.70
SAEs [0.51-0.96], p=0.03); mFU

QolL: CANKADO-active 20 mos.,
CANKADO-inform 18 mos.

RWE

P-REALITY (retrospective, n=772/658) effectiveness of PAL+LET vs. LET 1L; post- and premenop. women

20.0vs. 11.9 mos. n.ach. vs. 43.1 mos. n.r. Flatiron database (USA), Adjust- [35]
aHR 0.58 (0.49-0.69), aHR 0.66 (0.53-0.82), p=0.0002 ment: none, sIPTW and PSM. mFU
p<0.0001 Shown here: adjusted (sIPTW) after sIPTW: 24.2 vs. 23.3 mos.;

Shown here: adjusted (sIPTW) prim. EP: PFS; sec. EP: OS

P-REALITY X (retrospective, n = 1324/1564) effectiveness of PAL+Al vs. Al 1L; postmenop. women and men

19.3 vs. 13.9 mos. 49.1 vs. 43.2 mos. n.r. Flatiron database (USA); adjust- [36]
aHR 0.70, (0.62-0.78) aHR 0.76 (0.65-0.87), p<0.0001 ment: none, sIPTW and PSM. mFU
p<0.0001 Shown here: adjusted (sIPTW) after sIPTW: 23.9 vs. 24.5 mos.;

Shown here: adjusted (sIPTW) prim. EP: OS; sec. EP: PFS

SEER analysis (retrospective, n=169/461) effectiveness of CDK4/6i+ET vs. ET 1L; postmenop. women =65 Y, de novo mBC

n.r. 1L: n.ach. vs. 34.8 mos. TTD, adherence SEER Medicare database (USA), [37, 38]
aHR 0.59 (0.42-0.82) unadjusted and after multivariable
Shown here: adjusted (Cox) Cox regression analysis (shown

here). mFU: 30.0 vs. 24.0 mos.;
also OS benefit for CDK4/6
inhibitor in 2L (s. » Table 4);
CDK4/6i+ET: ca. 90% PAL+ET

MD Anderson analysis (retrospective, n=708/708 [1L] and n=380/380 [2 L]) effectiveness of PAL+ET vs. ET 1L+2L

1L:17,4vs. 11.1 mos. 1L: 44.3 vs. 40.2 mos. n.r. Single center; 1L PAL+Al vs. Al; 2L [39]
aHR 0.71 (0.60-0.84), aHR 1 (0.80-1.23), p=1 PAL+FUL vs. FUL (1.3% vs. 61.3%
p=0.0001 21:32.3vs. 24.6 mos. with 250 mg instead of 500 mg
2L:10.0vs. 5.0 mos. aHR 0.67 (0.52-0.87), p=0.002 FUL); adjustment: none, PSM and

aHR 0.51 (0.41-0.64), Shown here: adjusted (PSM) sIPTW. mFU after PSM: 1 L: 30 vs.
p<0.0001 119 mos., 2L: 30 vs. 106 mos.; 1 L:

Shown here: adjusted (PSM) different OS trends for PSM and

sIPTW (HR 0.79 [0.67-0.93])
UK study (retrospective, n =276) effectiveness, safety of PAL+AI 1L; women 275Y

12 mos. PFS: 75.9% 12 mos. OS: 85.1% Safety, BRR, CBR, CR, PR, 14 centers in the UK [40]
24 mos. PFS: 64.9% 24 mos. 0S: 74,0% SD, PD

IRIS (Europe) (retrospective) n =982 (PAL+Al) and n=741 (PAL+FUL) treatment patterns, effectiveness of PAL+Al and PAL+FUL; post-/peri-/premenop.
women

12 mos. PFS: 12 mos. OS: CR, PR, SD, PD, ORR, CBR, Also in GER; PAL+Al: mFU [43]
PAL+AI: 88.1%; PAL+FUL: PAL+AI 97.3 %; PAL+FUL 97.5% OS rate, TTP 10.5mos., 925 1L and 57 2 L+;

79.8% 24 mos. OS: PAL+FUL: mFU 8.0 mos. 379 1L,

24 mos. PFS: PAL+AI: 90.1%; PAL+FUL 88.6% 362 2 L+; analysis of pts. from

PAL+AI: 63.9%; PAL+FUL: Europe, other analyses available,

48.0% e.g., for USA [41] and Canada [42]
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»Table 1 continued

mPFS, HR (95% CI) moOS, HR (95% Cl)

MADELINE (prospective, n=139) PRO PAL+ET in 1-3L; women 218Y

n.r. n.r.

Additional endpoints

QoL (SF12, CES-D-10),
pain and fatigue scores,
mood survey, ability to
function in daily life; AEs

Comments Ref.

PAL+Al (n=85)[PAL+FUL (n=54);  [44]
patient-focused study; eCRF

combined with PRO collection

via mobile app; including PROs as

a function of neutropenia

PERFORM (prospective NIS, n [planned]=1900), n [IA2] = 624) effectiveness of PAL+ET in 1L; women and men

6 mos. PFS: 85.6%
(82.5-88.2%);

12 mos. PFS: 71.7%
(67.1-75.7%);

18 mos. PFS: 60.8%
(53.7-75.9%)

immature/n. ach.

PalomAGE (prospective, cohort A n=400; cohort B n=407) effectiveness, safety, tolerability of PAL+AI/FUL, 1L/>1L; women >70Y

Cohort A: 28.1 mos.
Cohort B: 11.6 mos. (mTTF)

immature/n. ach.

rates, TTF, geriatric
assessment, QoL

PFS, PFS2, OS, ORR, DOR, NIS from D, AT; IA2 with FU [45, 46]
DCR, TFST, TTC, PROs >6 mos.; collection of PROs

continued after progression
Therapy discontinuation Cohort A: ET-sensitive and 11L; [47, 48, 49]

Cohort B: ET-resistant and/or
>2L; prim. EP: discontinuation
rate after 18 mos. (cohort A,
41.9%) and 6 mos. (cohort B,
28.8%); PFS n.r.

1 L=first-line therapy; =1 L =first-line therapy or higher; 2 L+ =second-line therapy or higher; aBC = advanced breast cancer; AE = adverse event;

aHR = adjusted HR; Al =aromatase inhibitor; AT = Austria; BRR = best radiological response; CBR = clinical benefit rate; CDK4/6i = CDK4/6 inhibitor;

Cl = confidence interval; CR = complete remission; CT = chemotherapy; DCR = disease control rate; DOR = duration of response; DQoL = decrease in quality of
life; eCRF = electronic case report form; EP = endpoint; ESRTmut = estrogen receptor-1 gene mutation; ET = endocrine therapy; EXE = exemestane;

FUL = fulvestrant; GER = Germany; GnRH = gonadotropin-releasing hormone; HR = hazard ratio; 1A =interim analysis; ITT = intention-to-treat population;
LET = letrozole; mFU = median follow-up; mos. = month(s); mono = monotherapy; mOS = median overall survival; mPFS = median progression-free survival;
n=number of patients in the study; mTTD = median time to treatment failure; n. ach. = not achieved; n.r. =not reported; NIS = non-interventional study;
ORR = objective response rate; OS = overall survival; PAL = palbociclib; pts. = patients; PD = disease progression; PFS = progression-free survival; PK = phar-
macokinetic analysis; PR = partial remission; PSM = propensity score matching; pre-/peri-/postmenop. = pre-/peri-/postmenopausal; PRO = patient-reported
outcome; QoL = quality of life; SAE = serious adverse event; SD = stable disease; sIPTW = stabilized inverse probability of treatment weighting;

TAM = tamoxifen; TFI = therapy-free interval; TFST = time to first subsequent therapy; TTC =time to first subsequent chemotherapy; TTF = time to treatment
failure; TTP =time to progression; TTR =time to response; UK = United Kingdom; USA =United States of America; wtESRT = wild-type ESR1 gene; Y =years

fulvestrant plus palbociclib at the emergence of new ESRT muta-
tions and prior to confirmed disease progression by imaging [31].

The open-label phase-Ill trial PEARL compared palbociclib plus
exemestane or plus fulvestrant with chemotherapy with capecita-
bine in postmenopausal patients with HR+/HER2- mBC, who had
previously been treated with an Al. The median PFS and OS was
comparable in both arms (» Table 2) [28, 29]. In the open-label
phase-Il trial Young-PEARL, palbociclib plus exemestane and a
gonadotropin-releasing hormone (GnRH) analog significantly pro-
longed PFS in premenopausal patients compared to capecitabine
(p=0.002) [26]. PEARL and Young-PEARL demonstrated better
tolerability and quality of life with lower therapy discontinuation
rates (> Table 3) emphasizing the use of endocrine-based therapy
with a CDK4/6 inhibitor as the treatment standard compared to
chemotherapy [28, 29, 26, 55, 56].

The phase-IIl study SONIA investigated whether the best use of
CDK4/6 inhibitors for the treatment of HR+/HER2- mBC was as
part of the first or the second line of therapy [27]. The partici-
pating patients (pre- and postmenopausal) received either a non-
steroidal Al (NSAI) plus a CDK4/6 inhibitor followed by fulvestrant

in the first and second line of therapy, or a NSAl followed by fulves-
trant plus a CDK4/6 inhibitor (a GnRH analog in addition if they
were premenopausal). PFS was significantly prolonged with a HR
of 0.59 (p<0.0001) if a CDK4/6 inhibitor was used in the first line
of therapy. With a non-significant difference of 5.2 months
(p=0.10) in the PFS2 favoring the first-line use of a CDK4/6 inhibi-
tor, the primary endpoint was not reached and there was no differ-
ence in OS either (p=0.83) [27, 63].

Other RCTs with palbociclib investigated the combination of
alternative endocrine partners (PATHWAY with tamoxifen), special
patient populations (Asian female patients in the PALOMA-4 trial)
or the use of a supporting eHealth application (PreCycle)
(> Table 1). Other clinically relevant questions were answered
using data obtained from routine clinical care and are discussed
below.

Real-world evidence on palbociclib as an important
addition to RCTs — opportunities and limitations

RCTs are the gold standard for generating clinical evidence and for
obtaining approval [64, 65, 66]. As the results obtained from RCTs
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»Table 2 Overview of clinical studies focusing on endocrine pretreatment.

Study/clinical ITT ET-sensitive de novo mBC ET-resistant Comments Ref.
question
n (number), PFS and OS (HR [95% Cl])
RCT
PALOMA-2 n 444/222 178/93 167/81 99/48 Stratification factor: [12, 19]
PALALET vs. LET. 1L prg 058 (046-0.72)  0.52(036-0.73)  0.67 (0.46-0.99) 050 (0.33-0.76) D' after completion of
(neo-)adjuvant therapy;
oS 0.96 (0.78-1.18) 0.73 (0.53-1.01) 1.19 (0.84-1.70) 1.02 (0.66-1.58) ET-sensitive: DFI
>12 mos.; ET-resistant:
DFI <12 mos.
PALOMA-3 n 347/174 274/136 excluded 73/38 Stratification factor: [10, 20]
NSRS, PFS  0.46(036-0.59) 0.42(0.32-0.56) - 0.64 (0.39-107)  Previous endocrine
>21L sensitivity; ET-sensitive:
[0y 0.81 (0.64-1.03) 0.72 (0.55-0.94) - 1.14 (0.71-1.84)  documented clinical
benefit 21 ET for mBC
or adjuvant ET
> 24 mos. prior to
recurrence
PALOMA-4 n 169/171 80/85 34/32 55/54 Stratification factor: [23]
PALALET vs. LET. 1L prg 068 (0.53-0.87) 0.61(0.42-0.88)  0.54 (0.30-0.96) 0.84 (0.56-1.28) Cisease-free interval
after completion of
0s immature immature immature immature (neo-)adjuvant therapy
(DFI); ET-sensitive: DFI
>12 mos.; endocrine
resistance: DFI
<12 mos.
PARSIFAL n 243(243 141147 102/96 excluded ET-sensitive: DFI [24, 25]
AT AT, [ PFS 1.13 (0.89-1.45)  1.14 (0.82-1.56)  1.13 (0.77-1.75) - = B IES] ST €5
+LET, 1L (ITT): 79.4% vs. 77.1%
0s 1.0 (0.68-1.48) n.r. n.r. -
Young-PEARL n 92/86 16/9 excluded 76/77 Included: progression [26]
PAL+EXE+GnRH PES 0.66 (0.44-0.99) nr _ nr unde.r TAM; excluded:
vs. Cape, 1-3L previous Al therapy
premenop. women ~ OS n.r. n.r. = n.r. (eBC/aBC); relatively low
ESRTmut at baseline
of 3.4%; ET-sensitive:
TAM sensitive (DFI
>12 mos.); ET-resistant:
TAM resistant (DFI
<12 mos.)
PEARL n 302/299 226/226 excluded 76/73 Previous disease pro- [28, 29]
PALYEXE/FUL PFS  1.09(0.90-131) 1.04(0.83-129) - 130 (0.90-1.88) ~ 9ression under Al at
vs. Cape, 1-4L any time; stratification
previous ET; ESRTmut
at baseline 27.7 % vs.
30.1%. Shown here:
cohort 1 and 2 pooled
RWE
PALOMAGE n n.r. 362 378 ET-sensitive: 1L, denovo  [47, 49]
AL AU rwPFS  n.r. mPFS: 28.1 mos. (25.6-n. ach.) mTTF: 11.6 mos. EIC {{E220) iz 017
1L=1L >12mos. (cohort A);
(10.0-13.0) !
>70 years ET-resistant: DFI
<12 mos. andfor 22L
(cohort B)
0S n.r. n.r. n.r
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»Table 2 continued

Study/clinical ITT ET-sensitive
question
n (number), PFS and OS (HR [95% Cl])
P-REALITY X n 1324/1564 551/601
PAL¥ALvs. ALTL L pFs 070 (0.62-0.78)  0.75 (0.63-0.90)
0s 0.76 (0.65-0.87)  0.74 (0.59-0.93)
P-REALITY n 772/658 308/269
PALHLETvs. LET, TL pFs 058 (0.49-0.69)  0.58 (0.47-0.72)
0s 0.66 (0.53-0.82)  0.78 (0.58-1.06)
SEER analysis n 169/461 excluded
(el et 2 rwPFS n.r. -
vs. ET, 1L
> 65 years, oS 0.59 (0.42-0.82) -
de novo mBC

de novo mBC ET-resistant Comments Ref.

541/464
0.61 (0.51-0.72)
0.68 (0.55-0.84)

191/429
0.88 (0.66-1.19)
1.18 (0.86-1.61)

Shown here after
adjustment (sIPTW);
DFI defined as time
from initial diagnosis
until diagnosis of mBC;
ET-sensitive: DFI >5Y;
ET-resistant: DFI >1-5Y
(subgroup DFI <1Y
[n=44/66] not shown)

(36]

321/254
0.57 (0.46-0.72)
0.56 (0.40-0.78)

123111
0.61 (0.44-0.83)
0.69 (0.49-0.97)

Shown here after
adjustment (sIPTW);
DFI defined as time
from initial diagnosis
until diagnosis of mBC;
ET-sensitive: DFI >5Y;
ET-resistant: DFI >1-5Y
(subgroup DFI <1Y
[n=19/42] not shown)

35]

169/461 excluded CDK4/6i+ET: ca. 90%
PAL+ET; shown here
after multivariable

Cox regression analysis;

dataon 2L, s. » Table 4

[37, 38]
M i =

0.59 (0.42-0.82) -

1 L=first-line therapy; =1 L =first-line therapy or higher; aBC =advanced breast cancer; Al =aromatase inhibitor; Cape = capecitabine; CDK4/6i=CDK4/6
inhibitor; Cl = confidence interval; DFI = disease-free interval; eBC = early breast cancer; ESRTmut = estrogen receptor-1 gene mutation; ET = endocrine
therapy; EXE = exemestane; FUL = fulvestrant; GnRH = gonadotropin-releasing hormone; HR = hazard ratio; ITT = intention-to-treat population; LET =
letrozole; mBC = metastatic breast cancer; mos. = month(s); mPFS = median progression-free survival; mTTF = median time to treatment failure; n = number
of patients reported in the study; n. ach. =not achieved; n.r. =not reported; OS = overall survival; PAL = palbociclib; PFS = progression-free survival;
premenop. = premenopausal; RCT = randomized controlled study; RWE = real-world evidence; rwPFS = real-world progression-free survival; sIPTW = stabilized

inverse probability of treatment weighting; TAM = tamoxifen; Y = years

are for selected study populations which exclude certain patient
cohorts and are obtained under highly controlled study conditions,
their transferability to some patient groups in clinical routine may
be limited [67]. These limitations also include the fact that end-
points such as efficacy, safety and patients reported health status,
functional status and quality of life (patient reported outcome =
PRO) are usually only observed until disease progression in RCTs
[68, 69].

Real-world data (RWD) are health data which are or were col-
lected in routine clinical practice and outside interventional clinical
trials [67]. They include specific patient groups such as older pa-
tients, patients with comorbidities or men with breast cancer,
which are usually underrepresented or excluded in pivotal clinical
trials [64, 70, 71, 72]. The advantage of these data is that they
have a high external validity [73]. A therapeutic effect in terms of
effectiveness, safety and tolerability can therefore be demon-
strated in a broader patient population compared to those of
RCTs, which better reflects the situation in clinical routine [64]. An
important limitation when collecting RWD is that the selective
choice of treatment and the lack of statistical control in clinical
practice can result in bias [64, 74]. An uncontrolled study design,
gaps or errors in documentation, and other unknown confounding
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factors can theoretically lead to less robust results. It can be diffi-
cult to differentiate whether the observed effect of a treatment is
causality (cause-effect relation) or correlation [64, 75, 76]. How-
ever, statistical methods are often used as an attempt to make
therapy groups more comparable and to thereby minimize bias
36, 76, 77].

Real-world evidence (RWE) can be obtained by evaluating accu-
mulated RWD. It can reflect the reality of clinical care and address
questions of clinical relevance related to safety signals, therapy
adherence, and therapy sequences. RWE can be a useful addition
and expansion to data obtained from RCTs important for registra-
tional approval [64, 65, 67, 77].

This review has therefore also included findings from different
real-world studies focussing on endocrine-based therapies with
palbociclib for the treatment of HR+/HER2- mBC. High-quality
analyses were preferred, which used robust, established statistical
methods and addressed clinically relevant, previously unanswered
questions. These included single-arm studies such as the ongoing
prospective non-interventional study (NIS) PERFORM currently
being carried out in Germany and Austria as well as comparative
approaches which investigated the effectiveness of palbociclib
plus ET versus ET alone [35, 45, 46]. Large retrospective compara-
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»Table 3 Overview of quality of life, safety, and tolerability.

Dose adjustment Therapy dis- Quality of life - Side effects grade =3, Comments Ref.
continuation under therapy with 25% in the PAL+ET
rate (AEs) PAL and|or vs. arm, unless otherwise
comparative therapy  reported
RCT
PALOMA-1 PAL+LET vs. LET, 1L
Reduction 40% vs. n.a. 13% vs. 2% n.r. Neutropenia (54 %, mFU 29.6 mos. [11]
Interruption 33% vs. 4% e 07 It.eukopenla
(19%), anemia (6%)
Cycle delay 45% vs. n.a.
mDI 94% vs. n.r
PALOMA-2 PAL+LET vs. LET, 1L
Reduction 36% vs. 1% 9.7% vs. 5.9% FACT-B Neutropenia (66.5%, mFU (safety): [12, 22,
e 67% vs. 41% mamFalned Qol; pro- febrile 1.8%), Iéukopenla 23 njos.; negtro- 57]
gression (no vs. yes): (24.8%), anemia (5.4%) penia most impor-
mDI 93% vs. 100% sig. delayed TTD tant reason for

PALOMA-3 PAL+FUL vs. FUL, 21L
Reduction 34% vs. 2%
Interruption 54% vs. 6%

Cycle delay 36% vs. 2%

4% vs. 2%

of QoL vs. LET: sig.
improvement of pain

EORTC QLQ-C30 and
QLQ-BR23
maintained gQolL vs.
FUL: sig. delayed TTD
of gQolL and pain
symptom scale;

sig. improvement

of emotional func-
tionality, pain,
nausea/vomiting

PALOMA-1, 2, 3 pooled long-term analysis of PAL+ET vs. ET, 1L, 21L

Dose reduction

PAL+ET 42.2%/39.4%|
1.7%
ET n.a./1.8%1.7%

PARSIFAL PAL+FUL vs. PAL+LET, 1L
Reduction 35.3% vs. 44.6%
Cycle delay 49.0% vs. 50.8%

mDlI (PAL) 91.7% vs. 90.0%

PATHWAY PAL+TAM vs. TAM, 1L

n.r.

820

11.1% vs. 5.3%

5.4% vs. 2.1%

3.3%vs. 2.2%
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ks [

M o

Neutropenia (65 %, febrile
1%), leukopenia (28 %)

PAL+ET (all grades): stable
and consistent safety pro-
file; cumulative incidence
of hematolog. AEs: peak in
1st Y; ILD/pneumonitis:
0.23%/0.46 %; febrile neu-
tropenia: 1.4 %; overlapping
Gr. 3/4 viral infection with
Gr. 3/4 neutropenia 0.2%

PAL+FUL/PAL+LET: neutro-
penia (66 %/68.2%, febrile
1.2%/0.4%), leukopenia
(7%/5.8%), pulmonary
embolism (5.0%/2.5 %)

Neutropenia (89.0%,
febrile n.r.), infections
(6.6%), anemia (6.6 %),
thrombocytopenia (5.5 %),
elevated ALT (5.5%)

dose reduction

mFU (safety):

8.9 mos.; TTD:

ad hoc analysis for
gQol and for pre-
specified pain scale

[10, 58]

Long-term analysis [59]
with up to 5Y FU

mFU 32 mos.;
management of
pulmonary embo-
lism: primarily

with low molecular
weight heparin,
16.7 % dose reduc-
tion, 16.7 % therapy
discontinuation

[24, 25]

Overall safety [30]
profile consistent

with known profile

of PAL+ET



»Table 3 continued

Dose adjustment Therapy dis- Quality of life - Side effects grade >3, Comments Ref.
continuation under therapy with 25% in the PAL+ET
rate (AEs) PAL and|or vs. arm, unless otherwise
comparative therapy  reported
PEARL PAL+EXE/FUL vs. Cape, 1-4 L
mDI Cohort 1: EORTC QLQ-30, PAL+EXE vs. PAL+FUL vs. Cohort 1: PAL+EXE [28, 29,
Cohort 1 952% vs. 82.6% 5.3%vs. 18.2% QLQ—BBZB, EQ-5DSL Cape: neutropem'a (61.3%]  vs. Cape 56]
Cohort 2: maintained QoL 58.4%[6.2 %, febrile 1.3 %/ Cohort 2: PAL+FUL
Cohort 2 92.9% vs. 79.5%  2.0% vs. 10.5%  vs. Cape: sig. delayed  0.7%/1.4%), leukopenia vs. Cape
TTD of gQol; sig. (32.0%/34.2%] 2.8%),
improvement of thrombocytopenia
physical, cognitive (6.0%/1.3%[1.3%), hypo-
and social functional- albuminemia (0.0%/6.0%/
ity, fatigue, nausea/ 1.7%), diarrhea (2.0%/
vomiting, loss of 1.3%| 7.6%), hand-foot
appetite syndrome (0.0%/0.0%/
23.9%) and fatigue (2.7 %/
1.3%/6.2%)
Young-PEARL PAL+EXE+GnRH vs. Cape, 1-3 L premenop.
Reduction 48% vs. 48% 1.1%vs. 2.3% EORTC QLQ-C30; Neutropenia (64 %/16 %, mFU (safety): [26, 55]
Interruption (AEs) 96% vs. 76% malntal.neq QoL vs. febrile 3%/1%), leukopenia 17 mos.
Cape: sig. improved (11%/0%), hand-foot
mD] 787% vs. 88% TTD for physical syndrome (0%/14 %)
functionality, nausea/
vomiting, diarrhea
PreCycle PAL+ET: CANKADO-active vs. CANKADO-inform, 1L, 2 L+
Reduction 41.2% vs. 47.8%  n.r. FACT-B CANKADO-active vs. Patient-focused [33, 34]
D 60.1% vs. 57.1% CANKADO-.actlve vs. C.ANKADO-lnform: lower study; prim. EP:
CANKADO-inform: risk of SAEs (HR 0.67 TTD QolL; (FACT-G
Interruption 37.1% vs. 42.2% sig. delayed TTD QoL [0.48-0.94] p=0.04) response rate of
mDI (PAL) 96.7% vs. 93.9% (HR 0.70[0.51-0.96], >80% up until visit
p=0.03) 30)
RWE
PalomAGE PAL+AI/FUL, 1L/=1L; 270 years
ITT ITT: 5.8% EORTC QLQ-C30 ITT: neutropenia Cohort A: ET-sensi- [47, 48,
> 1 reduction 23.4% Cohort A: 6.5% anq —Q!_Q—ELD 14 (32.3%, febn'le 1.1%); no tive and 1 L; Cohort  49]
Cohort B: 5.3% maintained QolL; new safety signals; all AEs B: ET-resistant
Red. initial dose 24% cohort B: lower grade 23, TLvs. 2L vs. 2L+  andfor =22 L; mFU
(more likely if >80, ECOG PS 22, symptoms on pain 33.7%, 37.3%, 52.9%; no (safety) 6.7 mos.;
G8<14 or CCl 2 4) scale impact of frailty factors QoL survey: at
baseline and
18 mos. (cohort A),
3 mos., 6 mos.
(cohort B)
POLARIS PAL+ET, 1L, 2L+
n.r. n.r. EORTC QLQ-C30 Neutropenia (48.6%, febrile ~ Safety: mDOT [60, 61,
maintained QoL 0.8%), median time from 19.3 mos. 62]
1 st dose to neutropenia: Other AEs in overall
27-29 days population n.r.
UK study PAL+AI, 1L; 70 years
Reduction 50.7% 13% n.r. Neutropenia (46.4%, Hospitalization [40]
Red. initial dose 11.6% f(.ebrlle 2.2%); no new safety  due to AEs (9.6%);
signals no loss of effec-
Dose delay 59.3% tiveness when
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dose was reduced
or delayed
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»Table 3 continued

Dose adjustment Therapy dis- Quality of life - Side effects grade >3, Comments Ref.
continuation under therapy with 25% in the PAL+ET
rate (AEs) PAL and|or vs. arm, unless otherwise
comparative therapy  reported
IRIS (Europe) PAL+AI/PAL+FUL, =1L
Reduction: 15.6% 33% n.r n.r. mFU 10.5 mos. [43]
Red. Initial dose 7.8% i, =Bt
and 8.0 mos.
Most common reasons: prevention (PAL+FUL, n=741);
of AEs, age shown here: pooled
population
MADELINE PAL+ET; 1-3 L
PAL+AI/PAL+FUL n.r General state of SAEs: 9% Patient-focused [44]
fiihuid fEsee 7%17% .hez?lth: (SF-12) stable;  Neutropenia: oGr. 3/4.(2604’), st.udy; e.CRF com-
of neutiopenia incidence of depres- all grades (45%, febrile 2%); ~ bined with PRO
sion (CES-D-10), pain events/pts.: 1 (20%), collection using
Interrupted because  15%/17% and fatigue scores: 2 (11%), 3 (14%) mobile app; no
of neutropenia stable (low); PRO Qol, negative impact on
physical and mental social and family
health: maintained life, physical
(mainly good-excel- activity, energy,
lent); results irrespec- productivity under
tive of neutropenia. therapy
Additional info: s.
Comments
PERFORM PAL+ET, 1L
Reduction 35.6% 33% n.r. n.r. Data from A2 [46]
Interruption 26.9%
Cycle delay 42.9%
Skipped cycle 9.3%

1 L=first-line therapy; =1 L =first-line therapy or higher; 2 L+ =second-line therapy or more; AE = adverse events; Al =aromatase inhibitor; ALT = alanine
aminotransferase; Cape = capecitabine; CCl = Charlson Comorbidity Index; eCRF = electronic case report form; ET = endocrine therapy; EXE = exemestane;
FACT-B = Functional Assessment of Cancer Therapy — Breast; FACT-G = Functional Assessment of Cancer Therapy — General; FU = follow-up; FUL = fulvestrant;
GnRH = gonadotropin-releasing hormone; Gr. = grade; gQol = global quality of life; hematolog. = hematological; HR = hazard ratio; IA = interim analysis;
ILD = interstitial lung disease; ITT = intention-to-treat population; LET = letrozole; mDI = median dose intensity; mDOT = median duration of treatment;
mFU = median follow-up; mos. = months; n = patients and/or number of patients according to study description; n. a. = not applicable; n. ach. = not achieved;
n.r.=not reported; PAL = palbociclib; premenop. = premenopausal; pts. = patients; PRO = patient-reported outcome; RCT =randomized controlled study;
RWE = real-world evidence; SAE = serious adverse event; sig = significant(ly); TAM = tamoxifen; TTD = time to deterioration; QoL = quality of life; Y =years(s)

tive analyses were included which used data from the Flatiron
database (P-REALITY and P-REALITY X), the SEER Medicare data-
base or the registry of the MD Anderson Cancer Center (> Table 1)
[36, 37, 39]. These retrospective studies use established statistical
methods to adjust the two treatment groups with regards to
important patient characteristics and to thereby achieve better
comparibility. While the SEER analysis focused on older patients
and used multivariable Cox regression to control for imbalances in
baseline characteristics, the other studies evaluated broad, hetero-
geneous patient populations. Adjustment was performed using
stabilized Inverse Probability of Treatment Weighting (sIPTW) and
Propensity Score Matching (PSM) [35, 36, 37, 39]. The multicenter
studies P-REALITY and P-REALITY X analyzed the data of 1430 pre-
and postmenopausal women who received letrozole alone or in
combination with palbociclib and of 2888 postmenopausal

women and men who were treated with Al alone compared to
combination therapy with palbociclib, respectively [35, 36]. The
two studies show a significant PFS and OS benefit for palbociclib
plus ET both before and after adjustment (primary analysis with
sIPTW; sensitivity analysis with PSM). The single-center study from
the MD Anderson Cancer Center in Houston reported a hetero-
geneous picture for first-line therapy, with a significant PFS benefit
for palbociclib plus Al versus Al alone, irrespective of adjustment
(primary analysis: PSM; sensitivity analysis: IPTW) and a significant
OS benefit after sIPTW but not after PSM. With regards to second-
line treatment, palbociclib plus fulvestrant versus fulvestrant alone
resulted in a significantly higher OS and PFS (> Table 1) [39].

This review aims to combine the extensive evidence on palboci-
clib from randomized clinical trials and real-world data, focusing
on defined cohorts and clinical aspects such as safety, tolerability,
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quality of life, and efficacy, and to discuss the overall picture with
regard to specific questions.

Endocrine Pretreatment

The ABC5 Consensus recommendations differentiate between
primary and secondary endocrine resistance [78]. At present, this
has only limited impact on therapeutic treatment pathways. As
endocrine resistance is associated with a shorter PFS and a poorer
prognosis compared to endocrine sensitivity, the therapeutic need
is still high [79, 80]. This is why the data on endocrine-sensitive
and endocrine-resistant disease are discussed separately below
(» Table 2).

Endocrine sensitivity and de novo metastasis

The ABC5 Consensus defines endocrine sensitivity as follows: re-
currence >12 months after completion of adjuvant endocrine
therapy or >6 months after the start of endocrine first-line mBC
therapy [78]. A good response to endocrine-based therapy is
expected for endocrine-sensitive tumors or de novo metastasis.
Therefore, even though about 10% of all newly diagnosed HR+/
HER2- metastatic breast cancers show intrinsic (de novo) resis-
tance, the two groups will be discussed together here [81].

RCTs

In the first-line therapy of postmenopausal patients with HR+/
HER2- mBC, the combination of palbociclib and letrozole showed
a statistically significant benefit for PFS (PALOMA-2, p<0.001)
compared to letrozole [12]. This benefit was observed in all of the
investigated subgroups, including de novo metastasis and endo-
crine sensitivity. For de novo mBC, no difference was found with
regards to OS. In contrast, a numerical improvement of median
OS from 47.4 months in the placebo/letrozole arm to 66.3 months
in the palbociclib/letrozole arm was observed for endocrine sensi-
tivity (HR 0.73; 95% ClI: 0.53-1.01) [12, 19, 82]. This observation
was confirmed by the prespecified pooled OS analysis of patients
with endocrine-sensitive tumors from the PALOMA-1 and 2 trials
(HR 0.74; 95% Cl: 0.55-0.98) [82]. Moreover, the phase-lll
PALOMA-4 trial confirmed the results for PFS in an Asian post-
menopausal cohort [23].

In the PALOMA-3 trial, pre- and postmenopausal patients were
treated after failure of prior ET. For advanced stage disease, one
prior chemotherapy and any number of endocrine therapies were
permitted. This means that out of all the CDK4/6 inhibitor ap-
proval studies, PALOMA-3 included the most heavily pre-treated
study cohort. Endocrine sensitivity or resistance were stratification
factors. The combination of palbociclib and fulvestrant resulted in
a statistically significant PFS benefit for patients with endocrine-
sensitive tumors compared to fulvestrant alone [10]. The median
OS in the palbociclib/fulvestrant arm was 39.7 months compared
to the placebo/fulvestrant arm with 29.7 months (HR 0.72;
95% Cl: 0.55-0.94) [20].

In the phase-II trial PARSIFAL, 486 patients with endocrine-sen-
sitive or endocrine-naive mBC received palbociclib plus fulvestrant
or palbociclib plus letrozole as first-line therapy. The primary end-
point PFS was 32.8 months in median under palbociclib/letrozole
compared to 27.9 months under palbciclib/fulvestrant (HR 1.13;
95% Cl: 0.89-1.45; p=10.321). With hazard ratios of 1.14 and 1.13
respectively, the PFS results for endocrine-sensitive and de novo
metastatic tumors did not differ from that of the overall group.
The 3-year OS rates were 77.1% versus 79.4% [24]. The follow-up
study PARSIFAL-Long with 389 patients from PARSIFAL provided
results with a longer median follow-up of about 5 years [25]. The
median OS of 61.9 months for the palbociclib/letrozole arm and
68.5 months for the palbociclib/fulvestrant arm (HR 0.94; 95% Cl:
0.72-1.23; p=0.635) was comparable to that reported for other
CDK4/6 inhibitor trials [25, 50, 51].

Endocrine sensitivity and resistance was also a stratification
factor in the phase-Ill PEARL study. In patients with endocrine sen-
sitivity who had previously experienced disease progression under
Al, combination therapy with palbociclib had a similar PFS to that
reported for oral chemotherapy. A trend in favor of the endocrine
combination therapy was observed for OS (HR 0.89; 95% Cl: 0.70-
1.13) [28].

RWD

In addition to data from RCTs, there is also extensive evidence
from real-world setting (> Table 2).

In a retrospective evaluation of the SEER Medicare database,
patients aged =65 years with HR+/HER2- de novo mBC were ana-
lyzed [37]. The addition of a CDK4/6 inhibitor (palbociclib in about
90% of cases [38]) to ET during first-line therapy resulted in a
statistically significant OS benefit (p<0.0001). This benefit was
still apparent after adjustment of important characteristics using
Cox regression analysis (HR 0.59; 95% Cl: 0.42-0.82) [37].

P-REALITY X retrospectively evaluated a large first-line cohort
consisting of 2888 postmenopausal women and men. Both before
and after adjustment with sIPTW and PSM, a statistically signifi-
cant OS benefit (primary endpoint) was found for palbociclib plus
Al compared to Al alone with regards to de novo metastasis and
also endocrine-sensitive tumors (defined here as time from initial
diagnosis to diagnosis of metastasis of more than 5 years) [36].
These subgroups also benefited from endocrine combination ther-
apy with regards to the secondary endpoint rwPFS [36]. The retro-
spective first-line study P-REALITY with pre- und postmenopausal
patients showed comparable results: for endocrine-sensitive or
de novo mBC, the addition of palbociclib to letrozole was asso-
ciated with a prolongation of rwPFS (primary endpoint) and OS
(secondary endpoint) (unadjusted and after sIPTW and PSM) [35].
A retrospective evaluation of data from Danish patients with endo-
crine sensitive tumors showed a mOS of 56.9 months (95% Cl:
52.5-NA) for first-line treatment with palbociclib plus Al [83].

Patients aged 270 years with endocrine-sensitive tumors or
de novo metastasis were analyzed in cohort A of the French real-
world study PalomAGE. A median PFS of 28.1 months confirmed
the results of RCTs and RWE also for older patients [49].
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CONCLUSION

Real-world evidence has confirmed and expanded the con-
sistent results of RCTs on the efficacy of a endocrine-based
combination therapy with palbociclib for de novo metastasis
or endocrine sensitivity. Patients with endocrine sensitive
tumors benefit from prolongation of PFS and OS.

Endocrine resistance

Up to 50% of patients with HR+/HER2- mBC do not respond ini-
tially to ET or develop an endocrine resistance over the course of
treatment [84, 85, 86, 87, 88, 89, 90]. However, the data on the
use of CDK4/6 inhibitors in cases with endocrine resistance (recur-
rence <12 months after the completion of adjuvant endocrine
therapy or <6 months after the start of endocrine first-line mBC
therapy) is still comparatively limited. These patients are often ex-
cluded from RCTs or underrepresented. Moreover, clinical trials do
not always follow the statements and definitions of the Consensus
guideline.

RCTs

Endocrine resistance or sensitivity was a stratification factor in the
phase-lll trials PALOMA-2, 3, and 4 and the inclusion of patients
with endocrine-resistant tumors was therefore accepted [10, 12,
23]. The PALOMA-3 study investigated a heavily endocrine pre-
treated cohort; 54% of patients who were treated with palbociclib
had received at least two prior endocrine therapies. A non-signifi-
cant PFS benefit was shown for the addition of palbociclib to
fulvestrant for the 111 patients with endocrine-resistant tumors
(HR 0.64; 95% Cl: 0.39-1.07) [10]. However, this did not translate
to a prolongation of OS (HR 1.14; 95% Cl: 0.71-1.84) [20].

In the first-line study PALOMA-2 about 22% of patients had
endocrine-resistant tumors. For this subgroup, endocrine combi-
nation therapy resulted in a statistically significant PFS benefit
when compared to ET alone (HR 0.50; 95% Cl: 0.33-0.76) [12]
but not in an OS benefit (HR 1.02; 95% Cl: 0.66-1.58) [19]. In con-
trast, patients with endocrine-resistant tumors experienced no
significant PFS benefit from the addition of palbociclib to letrozole
in PALOMA-4 (HR 0.84; 95% Cl: 0.56-1.28) [23].

Sensitivity to a previous ET was also a stratification factor in the
PEARL study. Similar to the total cohort, patients with endocrine
resistant tumors experienced no difference in PFS or OS favoring a
specific therapeutic modality [28, 29]. These observations were
confirmed by the Young-PEARL trial with a largely tamoxifen-resis-
tant cohort (palbociclib plus ET: 83 %; capecitabine: 90 %) [26].

RWD

The two retrospective studies P-REALITY and P-REALITY X evalu-
ated 234 and 620 patients, respectively, in whom advanced dis-
ease was diagnosed 1 to 5 years after the initial diagnosis [35, 36].
The results for the subgroup diagnosed with metastasis within one
year are not presented here because of the small sample size. The
P-REALITY study found a statistically significant benefit for rwPFS
and OS for the subpopulation treated with palbociclib and letro-
zole (after sIPTW and PSM) [35]. These findings could not be con-

firmed by the P-REALITY X study. There was a numerical trend in
favor of the combination therapy with palbociclib and Al for
rwPFS, but not for OS [36].

The cohort B of the PalomAGE study was comprised of patients
aged =70 years with endocrine resistance and/or previous therapy
for advanced stage disease who received palbociclib plus ET. The
median time to treatment failure was 11.6 months [47].

CONCLUSION

Although patients with endocrine-resistant tumors were
included in the PALOMA study program, the overall
evidence from RCTs and the real-world regarding efficacy/
effectiveness of palbociclib-based therapy is limited.

The therapeutic need remains high.

Safety, Tolerability and Quality of Life

An evaluation of the PRAEGNANT registry has shown that in the
years 2018 to 2022, about 75% of patients with HR+/HER2- mBC
received endocrine-based combination therapy with a CDK4/6
inhibitor. Endocrine monotherapy (10%) or chemotherapy (15%)
was administered significantly less often [8]. These data reflect
that in this treatment context, maintaining quality of life during
treatment is also of central importance nowadays, alongside effi-
cacy and safety (> Table 3).

Safety profile and tolerability
RCTs

For palbociclib, the pivotal RCTs PALOMA-1, 2, and 3 showed a
consistent and well-manageable safety profile (> Table 3) [10, 11,
12]. This was confirmed in a pooled analysis of the three studies
with 872 patients and a five year follow-up [5, 59].

Irrespective of the severity grade, the most common adverse
events (220%) were neutropenia, infections, leukopenia, fatigue,
nausea, stomatitis, anemia, diarrhea, alopecia and thrombocyto-
penia. The most common (22%) adverse events with a severity
grade =3 were neutropenia, leukopenia, infections, anemia, ele-
vated aspartate aminotransferase (AST) levels, fatigue, and ele-
vated alanine aminotransferase (ALT) levels [5]. Although grade
3/4 neutropenia was more common in the palbociclib arm than in
the control arm (approx. 65% vs. approx. 1%, respectively), the
rate of febrile neutropenia (<2%) and the rate of concurrent oc-
curence of viral infections (0.2 %) was generally low in PALOMA-2
and 3 [59]. Treatment discontinuations due to adverse events
were required in 4-13% of patients receiving palbociclib plus ET
(PALOMA-1, 2, and 3) [10, 11, 12].

Two clinical trials provided information about the safety and
tolerability of palbociclib compared to oral chemotherapy. In the
PEARL trial, palbociclib plus ET was better tolerated than capecita-
bine with comparable efficacy and a lower rate of therapy discon-
tinuations. Under palbociclib plus ET, the most serious grade >3
adverse events were primarily hematological (neutropenia, leuko-
penia, thrombocytopenia), whereas under therapy with capecita-
bine, symptomatic adverse events such as hand-foot symdrome,
diarrhea or fatigue occured more frequently and directly affected
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quality of life [28]. The findings on side effects of all degrees of
severity in the Young-PEARL trial point consistenly in the same
direction [55].

In the PALOMA-2 trial, the effect of palbociclib on the fre-
quency-corrected QT-interval (QTc) was evaluated in 77 patients.
At the recommended dose of 125mg per day (3/1 schedule),
palbociclib did not result in a clinically relevant prolongation of the
QTc interval [5, 91]. According to the prescribing information,
there are no warnings for combining palbociclib with ET when
administered concurrently with QTc interval-prolonging medica-
tions. In line with this, the asian phase-Il study PATHWAY con-
firmed the efficacy and safety of palbociclib when combined with
tamoxifen compared to tamoxifen alone [30].

RWD

The prospective Italian-German non-interventional study MARIA
emphasizes the clinical relevance of these data. At the time of
study enrollment more than half of the women with HR+/HER2-
mBC had =1 concomitant medication or comorbidity that could
increase the risk of QTc interval prolongation or of torsade-
de-pointes tachycardia [92].

Further RWD have confirmed the safety and tolerability of pal-
bociclib in real-world settings (> Table 3). Different studies
showed that therapy is predominantly managed through dose
modifications, which is consistent with data from RCTs. The treat-
ment discontinuation rate was also low in clinical routine (3.3 %-
13%) [40, 43, 44, 46, 48]. The prospective NIS PalomAGE, which
evaluated women 270 years with HR+/HER2- mBC, provided an
important contribution [48]. Despite a median age of 78 years, no
new safety signals were found and the therapy discontinuation
rate after six months was comparable to that reported for RCTs
[47].

The consistent safety profile observed in both, RCTs and RWD,
is also reflected by the fact that only few new adverse events were
added to the prescribing information after approval of palbociclib,
including interstitial lung disease (ILD)/pneumonitis) (grade 3/4:
0.1%=rare), cutaneous lupus erythematosus (grade 3/4: 0.0%=
very rare), and venous thromboembolism (grade 3: 1.3%=com-
mon; grade 4: 0.8 % = occasionally) [5]. The only routinely required
form of monitoring is a monthly complete blood count. Additional
precautions propose for example that patients should be moni-
tored for signs and symptoms of infection, ILD/pneumonitis and
venous thromboembolism [5].

Quality of life

RCTs

Quality-of-life data from RCTs are available for PALOMA-2 and 3
(» Table 3). In PALOMA-2, the quality of life was maintained under
therapy with palbociclib plus letrozole, and there were no differ-
ences compared to letrozole alone [22, 57]. Additionally, a signifi-
cant improvement in physical pain was registered over the course
of treatment with endocrine combination therapy (p=0.018)
[57]. Patients without disease progression showed significantly
delayed deterioration of quality of life compared to patients with
disease progression (HR 0.53; p<0.001) [57].

PALOMA-3 demonstrated a significantly longer time to dete-
rioration of global quality of life with palbociclib plus fulvestrant
compared to fulvestrant alone (p=0.031) as well as a significant
improvement in pain scores compared to baseline (p=0.001)
[58]. There were no significant differences between treatment
arms in other functional domains or in breast or arm symptoms
[58].

Additionally, the studies Young-PEARL and PEARL have shown
clear benefits in quality of life for the combination therapy with
palbociclib when compared to a chemotherapy with capecitabine
[26, 55].

RWD

Several prospective real-world studies have provided evidence on
quality of life under palbociclib combination therapy [44, 47, 49,
60]. The POLARIS study confirmed that quality of life under palbo-
ciclib is maintained across all assessed symptom and functional
scales, including cognitive, emotional, physical and social param-
eters, even during routine treatment [60].

The MADELINE study has shown that physical and mental
health and the self-reported quality of life of the female patients
remained constant over the course of 6 months of endocrine-
based therapy with palbociclib. Moreover, therapy did not appear
to have a negative effect on social and family life or on the physical
activity, energy, stamina, or productivity of patients. 75-90% of
patients reported no or moderate interference. These results were
reported, irrespective of whether patients experienced neutrope-
nia or not [44]. The PalomAGE study confirmed and expanded
findings from the PALOMA-2 and 3 trials for older female patients
(=70 years) (s. also the chapter on older patients below) [47, 49].

Outlook: innovative health applications
as treatment support

There are increasing numbers of eHealth smartphone applications
(apps) available for oncological patients. These apps may ask ques-
tions about the patient’s current health status and symptoms,
with the aim of improving the patient’s quality of life.

The randomized phase-IV trial PreCycle investigated the effects
of the interactive autonomous eHealth app CANKADO PRO-React
on the quality of life of patients with HR+/HER2- mBC during en-
docrine-based therapy with palbociclib [33]. Compared to patients
who were only able to access the basic functions of the app
(CANKADO-inform), the time to deterioration of quality of life
(TTD Qol, primary endpoint) was significantly longer for patients
in the CANKADO-active arm (HR 0.70; 95% Cl: 0.51-0.96;
p=0.03) [34]. Patients in the CANKADO-active arm had a more
favorable HR of 0.67 (95% Cl: 0.46-0.97; p = 0.04) for the time un-
til the first serious adverse event (SAE) occurred and a significantly
lower probability of suffering an SAE overall than patients in the
CANKADO-inform arm [93]. PFS and OS did not differ significantly
between the two treatment arms [33]. PreCycle is therefore the
first randomized multicenter study in breast cancer to demon-
strate a significant clinical benefit of an interactive autonomous
eHealth app for mBC patients receiving an oral tumor therapy.
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CONCLUSION

The safety profile and the associated therapy management
are essential to prevent patients from discontinuing therapy.
In RCTs and RWE, palbociclib demonstrated a consistent
safety profile with few side effects. With 2-13%, the
number of discontinuations due to adverse events is low.
Patients need to be informed about the most common side
effects (usually asymptomatic hematological toxicities),
particularly the infection risk associated with neutropenia as
well as rare adverse events such as ILD. The requirements
for routine monitoring under palbociclib treatment are low.
The stable, and in some cases improved, quality of life
during treatment can be interpreted as a manifestation of a
manageable toxicity profile and, in many cases, better
symptom control. There are clear advantages in terms of
quality of life for palbociclib plus ET compared to chemo-
therapy.

Digital healthcare apps can offer patients additional support
to manage their therapy. They can contribute to maintain
patients’ quality of life and reduce therapeutic toxicity.

To sum up the existing extensive data from RCTs and the
real-world setting, palbociclib is a generally well tolerated
therapeutic option with low therapy discontinuation rates
and maintainance of patients’ quality of life.

Special Patient Populations

RCTs are indispensible when drawing causal conclusions about
therapeutic interventions. In clinical practice, many patients are
treated, who are not eligible for RCTs or who are underrepre-
sented, resulting in a lack of evidence-based guideline recommen-
dations for them [94]. This group includes patients with comor-
bidities and/or patients of advanced age. For breast cancer, this
group also includes rarely affected male patients [95]. For
palbociclib treatment, there is extensive information available
from clinical routine for these special patients populations, which
complements and confirms findings from RCTs (> Table 4).

Older patients

Higher age is the most important risk factor for the increasing in-
cidence of breast cancer. At least half of all cases occur in patients
aged 65 years and above and more than 25% of patients are aged
75 or older [95, 106, 107]. Age-specific characteristics such as co-
morbidities, immune deficiencies, polypharmacy, reduced organ
functions, differences in metabolization or frailty may significantly
affect the outcomes of cancer therapies. To prevent over- and
undertreatment, it is therefore essential to be familiar with the
data on this special population [108].

RCTs

Despite the high incidence of breast cancer in older patients, there
are only limited data available from RCTs for this patient popula-
tion. In PALOMA-1, 2, and 3, the median age was 57-62 years and
only 9.5% of patients were aged 75 or older [8, 10, 12, 109]. The
percentage of female patients with an Eastern Cooperative Oncol-

ogy Group performance status (ECOG-PS) of =2 was very low, at
0%to2%[10,11,12].

In a pooled analysis of PALOMA-1, 2, and 3, a prolonged me-
dian PFS was observed for female patients aged 65-74 years
receiving palbociclib plus letrozole or plus fulvestrant compared to
ET alone (p<0.016 and p<0.001, resp.). The same applied to
female patients aged =75 years under palbociclib plus letrozole
therapy (p<0.001) [96]. In the pooled analysis, the palbociclib ex-
posure was comparable between age groups. Although myelosup-
pression occurred more frequently in patients aged over 75 years,
the grade >3 rates were comparable across all age groups. The
febrile neutropenia rate was low (0.9-2.4%), and no new safety
signals were observed. The overall safety profile was consistent
with that of younger patients. The functional status and quality of
life reported by patients aged 65-74 years and 275 years was
maintained, and certain aspects were improved (> Table 3) [96].

RWD

Several real-world studies have focused on the use of palbociclib in
older patients (> Table 4).

Effectiveness: The one-arm prospective study PalomAGE ob-
served exclusively female patients aged =70 years (median age:
78Y). About 68% were characterized as potentially frail and 18%
had an ECOG-PS = 2. The results confirmed that palbociclib plus ET
is an effective therapeutic option for older patients with mBC:
patients with endocrine sensitivity during first-line therapy had a
median PFS of 28.1 months [47, 48, 49]. These observations were
supported by the findings of the prospective NIS PERFORM: fe-
male and male patients from Germany and Austria aged > 75 years
presented more frequently with de novo metastasis (44.3%) and
an ECOG-PS 22 (21.6%) compared to the younger control group.
No differences could be observed in terms of tumor response or 6-
and 12-months PFS rates compared to the overall population [46].
A British retrospective study with female patients aged =75 years
(median age: 78 years, 19.6% with ECOG-PS >=2) who received
palbociclib plus Al as first-line therapy confirmed these results.
The 12- and 24-month PFS rates were 75.9% and 64.9%, respec-
tively, and the OS rates were 85.1% and 74.0% [40].

Three large retrospective analyses compared the effectiveness
of palbociclib or a CDK4/6 inhibitor plus ET vs. ET alone. In
P-REALITY, a specific analysis was carried out for female patients
aged =65 years (median age: 74.0 years). After statistical adjust-
ment using sIPTW, the median PFS was 22.2 versus 15.8 months
(p<0.0001), and a significant OS benefit from the addition of
palbociclib to letrozole was demonstrated (p<0.0001) [97]. The
superiority of the combination of palbociclib plus ET compared to
ET alone with regards to PFS and OS was confirmed in an analysis
of the P-REALITY X study observing a large cohort aged > 75 years:
median OS, median PFS, and time to first subsequent chemother-
apy were significantly prolonged by the addition of palbociclib to
an Al (p=0.0007; p=0.0021; p=0.0014 after sIPTW) [98]. A spe-
cific analysis of the SEER Medicare database compared the data of
women aged =65 years with de novo HR+/HER2- mBC who were
treated with a CDK4/6 inhibitor plus Al (ca.90% palbociclib) or
with Al monotherapy [37, 38]. The analysis demonstrated a signifi-
cant advantage for the endocrine based combination therapy: the
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»Table 4 Review of study results for selected patient groups: older patients, comorbid patients, men.

Patient group information  PFS, HR (95% Cl) 0S, HR (95% Cl)  Quality of life (QoL) Comments Ref.
Older female patients: RCT
Analysis PALOMA-1, 2, 3 (PAL+LET vs. LET,1L; PAL+FUL vs. FUL, =1 L; age-specific analysis =75Y vs. 65-74Y vs. <65Y)
PAL+ET vs. ET, 275 Y: 275Y vs. 65-74Y vs.<65Y n.r. FACT-B (PALOMA-2), Efficacy analysis: [96]
n=383/32; PAL+LET vs. LET: HR 0.31 EORTC-QLQ-30,-QLQ-BR23 PALOMA-1, 2 pooled,
PAL+ET vs. ET, 65-74Y: (0.16-0.61)/0.66 (0.45— (PALOMA-3); 65-74Y and PALOMA-3; safety
n=221/129; 0.97)/0.50 (0.40-0.64) >75Y: maintenance of QoL;  analysis: all 3 studies
PAL+ET vs. ET, <65 Y: PAL+FUL vs. FUL: HR 0.59 PALOMA-3, vs. FUL: sig. pooled; safety profile:
n=310/183 (0.19-1.8)/0.27 (0.16- improvement of loss of ap- consistent (anemia
0.48)/0.59 (0.46-0.75) petite (>75Y); sig. delayed > grade 3: 8.4%[4.5%]
TTD for pain (65-74Y) 4.2%; myelosuppres-
sion >3 comparable;
febrile neutropenia
2.4%[0.9%1.2%; dis-
continuation rate:
6.0%] 5.4%(1.6%;
other data: PK, AEs;
dose intensity
Older male and female patients: RWE
PalomAGE (PAL+AI/FUL, 1L/> 1L, women 270Y, n=767)
Cohort A: PAL + Al Cohort A: 28.1 mos. n.r. EORTC QLQC30 & ELD14 Prospective; QoL [47, 48,
(ET-sensitive and 1L); Cohort B: 11.6 mos. (MTTF) (special survey of older pts. survey: baseline and 49]
cohort B: PAL + FUL with cancer); QoL main- after 18 mos. (cohort
(ET-resistant and/or 22 L); tained; cohort B: reduction A) or after 3 and 6 mos.
median age 78Y, ca. 45% of symptoms on pain scale (cohort B); no new
>80Y; ECOG-PS=2: safety signals; disconti-
15-20%, potentially frail nuation rate (at pa-
(G8): 68% tient’s request) 6.7 %
(cohort A) and 2.9%
(cohort B)
P-REALITY (PAL+LET vs. LET, 1L; specific evaluation of patients =65 Y; n=406/390)
Median age: 72/77Y, ITT: 22.2 vs. 15.8 mos. ITT: n.ach. vs. n.r. Adjustment: none and [97]
after sIPTW: 74Y aHR 0.59 (0.47-0.74) 43.4 mos.; after sIPTW; mFU:
p<0.0001 aHR 0.55 (0.42- 20.2vs. 18.6 mos.;
65-74Y: HR 0.71 0.72) p<0.0001 other data: rwBTR
(0.52-0.97) 65-74 Y- HR 0.76
>75Y: HR 0.51 (0.52-1.11)
(0.36-0.71) >75Y: HR 0.47
(0.32-0.70)
P-REALITY X (PAL+AI vs. Al, 1L; specific evaluation of female and male pts. 275Y; n=313/648)
Median age: 80, ITT: 20.0vs. 15.0 mos. ITT: 43.0vs. n.r. Adjustment: none, [98]
after sIPTW: 80Y aHR 0.72 (0.59-0.89) 32.4 mos. PSM, sIPTW; mFU:
p=0.0021 aHR 0.66 (0.51- 23.7vs. 21.4mos.;
Shown here: adjusted 0.84) p=0.0007 other data: TTC, initial
(sIPTW) Shown here: dose (red. in 24.8%),
adjusted (sIPTW) dose adjustments,
subsequent therapies
SEER analysis (CDK4/6i+ET vs. ET, 1L; postmenop. women 265 Y, de novo mBC)
1L: n=169/461; n.r. 1L: aHR 0.59, n.r. SEER Medicare data- [37]
>75Y:49.12% vs. 59% (0.42-0.82) base (USA), here after
2L: n=118/86 2L: aHR: 0.42 multivariable Cox
(0.24-0.75) regression analysis;
Shown here: CDK4/6i +ET: ca. 90%
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»Table 4 continued

Patient group information  PFS, HR (95% Cl)

UK study (PAL+AI, 1L; female patients 275Y; n=276)

Median age 78Y; 12 mos. PFS rate: 75.9% 12 mos. OS rate:

ECOG PS>2: 19.6%; 24 mos. PFS rate: 64.9% 85.1%
ACCI>10: 31.5% 24 mos. OS rate:
74.0%

0S, HR (95% Cl)

Quality of life (QoL)

POLARIS (PAL+ET, 1L, 2 L+; subgroup analysis of female and male patients >70Y; n=287 [ITT n=1282])

1Ln=219; 2L+ n=68 n.r. n.r.
Median age: 75Y,

ca. 5% =285Y;

ECOG PS=2:10.4%,

potentially frail (G8): 59%

PERFORM (PAL+ET, 1L; subgroup analysis 275Y; n=185)

Median age: 80,
ECOG PS=2: 21.6%

12 mos. PFS rate
<75Y:71.1% (65.5-75.9)
>75Y: 73.4% (64.9-80.2)

n.r./immature

Comorbid female patients: RCT

n.r.

n.r./immature

Comments Ref.

PFS and OS with vs. [40]
without dose delay;
multivariable Cox

regression analysis:

PS, ACCI, number of
metastasis sites as in-
dependent predictors

for PFS, baseline ACCI

for development and

severity of neutropenia

Geriatric assessments: [99]
stable G8 (n=248) and
ADL scores (n=256)
over time (baseline,

6 mos.); 96.5% with
comorb.; no new safety
signals; 270 vs.
<70Y:12.2% vs. 4.7%
red. initial dose; 16%
vs. 9.7% dose modifi-
cation; 74.2% vs.
46.2% hypertension

Pts. 275Y vs. <75Y: [46]
ORR, CBR comparable,
therapy modifications

and discontinuation

due to AEs numerically

more common if

>75Y; dose adjust-

ments 45.4% vs.

31.4%; discontinuation

rates comparable

PALOMA-2 (PAL+LET vs. LET, 1L; analysis according to comorbidity)

Comorbidity (baseline): Gl: HR 0.57 (0.42-0.78) n.r.
58.6 % musculoskeletal, musculoskeletal:

57.4% vasc.[cardiac, HR 0.53 (0.41-0.69)

41.4% Gl, 38.9% metabolic metabolic:

HR 0.62 (0.44-0.87)

Ad hoc analysis; side [100]
effects profile and dose
modifications consis-

tent for the different

comorb. and compared

828

vasc./cardiac: to ITT

HR 0.51 (0.39-0.66)
Comorbid female and male patients: RWE
POLARIS (PAL+ET, 1L, 2 L+; comorb.-specific analysis; n=1250)
Comorb. (baseline): median ~ mPFS: CCl Ovs. 1-2vs. = 3: mOS: CCl 0 Global QoL - CCI 0 Some subgroups [101,
2 (0-9); CCl 1-2: 54.6%, 1L:20.3vs. 24.2 vs. vs. 1-2vs. 23: vs. 1-2vs. = 3: maintained very small (CCl 23 2L 102]
CCl 23: 15.3%; vasc.: 16.8 mos. 1L: 48.8 vs. QoL under PAL + ET in all n=53); no age adjust-
54.3%, psych.: 26.6%, 21+:13.7vs. 13.2vs. n. ach. vs. 3 groups ment; for information
blood/lymphatic vascular 14.9 mos. 34.8 mos. Qol red. in CCl 23vs. 0 on efficacy with re-
system: 18.4 %, metabolic/ 2L+:39.0vs. at baseline gards to investigated
nutritional: 18.2% 37.9vs. comorb., see [13]

31.6 mos.
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»Table 4 continued

Patient group information  PFS, HR (95% Cl) 0S, HR (95% ()

Analysis ADELPHI DSP (1L HR+ HER2- mBC; focus on comorb.; n=1.036)

Median age: 64Y, 26% n.r. n.r.
>70Y; ECOG PS 22: 17%;

46% =1 comorbidity;

treatment 1L: 73%

CDK4/6i, 12% CTx,

9% ET-mono, 6% other

Quality of life (QoL)

Comments Ref.

Retrospective analysis; [103]
comorb. with mBC

diagnosis (n=1015):

35% cardiovasc., 11%
metabolic, 5% Gl, 3%

organ, 1% neurologi-

cal; use of CDK4/6i:

73% ITT vs. 61% CCI

>3; Europe (also in D)

P-REALITY X (PAL+AI vs. Al, 1L; specific evaulation of female and male patients with cardiovascular disease; n=192/144)

After sIPTW: median age: mPFS: 20.0 vs. 12.5 mos. mOS: 40.7 n.r. Adjustment: none [104]
73.3Y[73.6Y; ECOG PS 22:  aHR 0.68 (0.51-0.90) vs. 26.5 mos. and after sIPTW; mFU:
26.6 [25.0% p=0.007 aHR 0.73 19.7 vs. 18.9 mos.;

Shown here: adjusted (0.554-0.997) other data: type of

(sIPTW) p=0.048; second-line therapy

Shown here:
adjusted (sIPTW)

Male patients: RWE
IQVIA, Pfizer safety database & Flatiron analysis (PAL+ET, 1L, 2L; men)
Effectiveness mDOT n.r. n.r. Retrospective analysis [71]
1L PAL+LET vs. LET 1L PAL+LET vs. LET: 9.4 vs. (3 datasets on efficacy
(n=26/63), 3.0 mos. and/or safety); no
1L PAL+ET vs. ET 1L PAL+ET vs. ET: 8.5 vs. new safety signals,
(n=37/214), 4.3 mos. AEs>10%: fatigue
2 L PAL+FUL vs. FUL 2L PAL+FUL vs. FUL: 2.7 vs. (28%), neutropenia
(n=10/24); 1.8 mos. (17 %), lower WBC
safety analysis PAL+ET: (15%), nausea (12%),
n=362 diarrhea (10%); PFS n.r.
P-REALITY X (PAL+AI vs. Al, 1L; men [subgroup analysis])
PAL+Al n=17/1.572 (1.1 %) aHR 0.11 (0.03-0.45) aHR 0.11 n.r. Flatiron database [36]
men vs. Al n=12/1.137 Shown here: adjusted (0.01-0.95) (USA); adjustment:
(1.0%) men (sIPTW) Shown here: none, sIPTW and PSM;

adjusted (sIPTW)

POLARIS (PAL+ET, 1L, 2L+; men [subgroup analysis]; n=15)

Median age: 66Y; 33% mPFS n.r.
>70Y; ECOG PS 2: 13.3%; 1L:21.8 mos. (4.8-38.0)

>1 comorbidity 93.3%; 2L+: 14.8 (5.7-n.ach.)

visceral metastasis: 46.7 %; all pts.: 19.8 (7.4-38.0)

1L:60.0%; 22 L: 40%

EORTC QLQ-C30
Maintained QoL under
therapy

after PSM: PFS (aHR
0.25[0.05-1.31]), OS
(aHR 0.42[0.05-3.76])

mFU 24:7 mos.; [105]
87 % with initial dose

of 125 mg; mDOT

20 cycles; Gr. 23 AE:

73 %; consistent safety

profile; 2 pts. discon-

tinued therapy due to

AEs; mPFS consistent

for patient population

1 L=first-line therapy, 2 L+=second-line therapy or later; ACCI = age-adjusted Charlson Comorbidity Index; AEs = adverse events; aHR = adjusted HR;

Al =aromatase inhibitor; Cape = capecitabine; CBR = clinical benefit rate; CCl = Charlson Comorbidity Index; CI = confidence interval; CDK4/6i = CDK4/6
inhibitor; CTx = chemotherapy; D = Germany; DOT = duration of treatment; ET = endocrine therapy; ET-mono = endocrine monotherapy; FUL = fulvestrant;
Gr. = grade; HER2- = Her2-negative; HR+=hormone receptor-positive; HR = hazard ratio; Gl = gastrointestinal; IA =interim analysis; ITT = intention-to-treat
population; comorb. = comorbidities; LET = letrozole; mBC = metastatic breast cancer; mFU = median follow-up; mos. = month(s); mOS = median overall
survival; mPFS = median progression-free survival; mTTF = median time to treatment failure; n =number of patients according to study description;

n. ach. = not achieved; n.r. =not reported; OS = overall survival; ORR = objective response rate; PAL = palbociclib; PFS = progression-free survival;

phys. = physical; PK = pharmacokinetic analyses; postmenop. = postmenopausal; PS = performance status; PSM = propensity score matching; psych. =
psychological; pts. = patients; red. =reduced; RCT = randomized controlled study; rwBTR = best real-world tumor response; RWE = real-world evidence;

sig. = significant(ly); sIPTW = stabilized inverse probability of treatment weighting; TTC = time to first subsequent chemotherapy; TTD = time to deterioration;
USA = United States of America; vasc. = vascular; WBC = white blood cells; Y = year(s)

Ruckhéberle E et al. Palbociclib: Randomized Studies ... Geburtsh Frauenheilk 2024; 84: 813-836 | © 2024. The Author(s). 829



@ Thieme

3-year OS rate for first-line treatment with a CDK4/6 inhibitor plus
ET was 73.0% compared to 49.1% under ET alone (p<0.0001). In
a multivariable Cox regression analysis, the combination therapy
was associated with a 41% reduced mortality rate compared to
ET alone (adjusted HR 0.59; 95% Cl: 0.42-0.82). A benefit for
CDK4/6 inhibitor-based therapy was also found for second-line
treatment (adjusted HR 0.42; 95% Cl: 0.24-0.746) [37].

Safety and tolerability: The PalomAGE trial confirmed the well-
known safety and tolerability profile of palbociclib in female pa-
tients aged 270 years. Therapy discontinuation rates due to ad-
verse events were in the single-digit range both for patients with
endocrine-sensitive tumors undergoing first-line therapy (cohort
A) and for patients with endocrine-resistant tumors and/or prior
endocrine treatment for mBC (cohort B) (mFU 6.7 months) [48].
Only a few patients discontinued therapy at their own request
(A: 6.7% after 18 months; B: 2.9% after 6 months) [47, 49]. The
POLARIS study demonstrated that patients aged =70 years re-
quired dose delays and modifications more often than younger
patients [99]. This observation was confirmed in the PERFORM
study for subgroups aged 275 years and <75 years [46]. In a
British study of female patients aged 2 75 years, dose reduction or
delay was required in 50.7% and 59.3% of cases. One important
finding was that dose modifications were not associated with a
loss of effectiveness. The low hospitalization rate due to toxicity of
9.6% highlights the good tolerability despite specific patient char-
actistics, such as older age, higher percentage of patients present-
ing with comorbidities, ECOG-PS=>2 and frailty [40]. No new
safety signals were identified for older patients [40, 48, 99].

Quality of life: PalomAGE provided robust data on the quality of
life of female patients aged =70 years by also including a ques-
tionnaire specifically designed for older patients with cancer
(EORTC ELD-14) in addition to the standard EORTC QLQ-C30 ques-
tionnaire. Maintainance of quality of life in functional and global
domains was demonstrated. Notably, a clinically relevant pain
reduction was observed for patients with endocrine resistance or
pretreatment for mBC (cohort B), which was in accordance to find-
ings reported in the PALOMA-3 trial [47, 48, 49, 92]. In a subgroup
analysis of the POLARIS study, it was demonstrated that the
ECOG-PS, geriatric assement (G8 screening tool) and activitites of
daily living (ADL) score were maintained for 287 patients aged
>70 years during the first 6 months of palbociclib based treat-
ment [99].

CONCLUSION

The extensive evidence confirms the efficacy, safety, and
tolerability of a palbociclib treatment for older and often
preburdened patients who are usually underrepresented in
RCTs. A dose modification in older patients does not appear
to be associated with reduced effectiveness. Despite the
addition of palbociclib to ET, quality of life is maintained
during treatment and is not worsening compared to endo-
crine monotherapy.

Patients with comorbidities

Taking account of the comorbidities of patients with mBC is an im-
portant part of clinical routine. The findings and observations
about the combination therapy with palbociclib of comorbid
patients are therefore particularly important.

RCTs

According to a post hoc analysis of the PALOMA-2 trial, palbociclib
plus letrozole prolonged PFS compared to placebo plus letrozole,
irrespective of concomitant vascular/cardiac, musculoskeletal,
metabolic, or gastrointestinal disease [100]. Adverse events and
dose modifications due to adverse events under palbociclib plus
letrozole were comparable for all subgroups with comorbidities
and consistent with the overall population. At the start of the
study, 41.4% of enrolled patients had pre-existing gastrointestinal
disorders, 58.6 % presented with musculoskeletal disorders, 38.9%
had metabolic disorders and 57.4% had vascular/cardiac disease
[100].

RWD

The fact that the risk for comorbidities increases with age was also
shown in the real-world study PalomAGE which investigated pal-
bociclib use in older patients: 86.7% of patients had an adjusted
Charlson Comorbidity Index (CCl) score >4 [47]. According to the
prospective non-interventional study POLARIS, the CCl score
appears to correlate with global quality of life and treatment out-
come. A CCl 2 3 tends to be associated with a lower rwPFS, OS and
a poorer quality of life. At the same time, quality of life was main-
tained under palbociclib based therapy, irrespective of the CCl
score [101, 102].

But comorbidities do not occur exclusively in older patients. As
confirmed in a European real-world study, patients with mBC may
also suffer from cardiovascular (36%), metabolic (11%), and
gastrointestinal (5%) comorbidities. 38% of patients had one or
two comorbidities, 8% had three or more [103]. Combination
therapy consisting of a CDK4/6 inhibitor plus ET - as recom-
mended in the international guidelines - was the most commonly
prescribed first-line treatment for these patients [103]. An analysis
in the P-REALITY X study of 469 female and male patients with
pre-existing cardiovascular disorders showed a significant benefit
after sIPTW from the addition of palbociclib to an Al vs. Al alone
with regards to PFS (p =0.007) and OS (p =0.048) [104].

CONCLUSION

The combination of palbociclib plus ET is an effective and
well-tolerated treatment option for comorbid patients with
HR+/HER2- mBC and can maintain patient’s quality of life.

Men with breast cancer

Men with HR+/HER2- mBC were not included in the approval-rele-
vant trials and are not represented or are underrepresented in
other RCTs investigating CDK4/6 inhibitors. This makes data and
findings obtained from real-world studies even more important.
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» Very broad evidence
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» Many clinical questions
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very effective, safety,
well tolerated and QoL

Endocrine-sensitive tumors
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efficacy/effectiveness

» Highly consistent in both
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Endocrine-resistant tumors

» Shown in RCTs °
» Limited RWE and inconsistent
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» Efficacy/effectiveness:
positive signals

PEARL

. n=10to 50

n=51to 150
n=151to 300
n=301to 500

PALOMA-1
PALOMA-2
PALOMA-3
PALOMA-4

PARSIFAL

RCT

Young-PEARL
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limited focus
» Broad evidence from RWE
» Very effective, safety,
maintenance of QoL
irrespective of age
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°
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no new safety signals
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PERFORM
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» Fig. 1 Excerpt from relevant palbociclib studies which were consulted for this review. The cohort sizes of the discussed subgroups are shown,
with the respective core messages. As the legend in gray states, circle sizes correlate to the number of patients in the palbociclib arm which were
assessed in the respective studies (RCT: randomized clinical trials; RWE: real-world evidence). The thick bar for the older patients symbolizes the
pooled analysis from PALOMA-1, 2, 3, with the large circle standing for patients aged 65-74 years and the smaller circle standing for patients aged
>75 years. * symbolizes the approval-relevant analysis of palbociclib in men [71]. CCl = Charlson Comorbidity Index; ITT = intention-to-treat;

Qol = quality of life

RWD

Real-world data on palbociclib use from three databases indicates
that male patients experience clinical benefit from combination
therapy. A longer median duration of treatment was possible
when patients received combination therapy in the first-line
setting compared to endocrine monotherapy (8.5 vs. 4.3 months).
A response to treatment was observed in 33.3% versus 12.5% of
male patients. The safety profile corresponded to that reported
for women treated with palbociclib plus ET. A review of a global
safety database yielded no new safety signals for men treated with
palbociclib plus ET [71].

P-REALITY X demonstrated that palbociclib plus ET appears to
be associated with impoved outcomes for male patients in terms
of PFS and OS compared to endocrine monotherapy. An OS bene-
fit was found after adjustment using sIPTW (17 vs. 12 patients; HR
0.11;95% ClI: 0.01-0.95) [36].
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Other information from the prospective observational study
POLARIS is available, which enrolled 15 male patients with a medi-
an age of 66 years. Nine received palbociclib as part of first-line
therapy and six received palbociclib in a subsequent therapy line.
The median PFS was 19.8 months. Moreover, data on this small
cohort indicate that the global quality of life under palbociclib plus
ET was maintained in male patients with breast cancer [105].
During the first six treatment cycles, three patients discontinued
therapy due to their own decision, toxicity or other reasons [105].
A multicenter real-world study analyzed the data of 25 men with
HR+/HER2- mBC, 16 of whom received palbociclib. It was con-
firmed that CDK4/6 inhibitors are as effective and safe for male
patients in this indication as they are for women [110].

In Germany, palbociclib has been approved in combination with
an Al to treat men with HR+/HER2- locally advanced or metastatic
breast cancer [5]. International guidelines also recommend combi-
nation therapy consisting of a CDK4/6 inhibitor such as palbociclib
plus ET for men with HR+/HER2- mBC [111].
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CONCLUSION

Palbociclib plus ET was found to be more effective in men
compared to endocrine monotherapy. The safety profile

is comparable to that reported for women, and initial data
indicate that the quality of life for men is maintained during
treatment.

Summary and Outlook

This review aims to present the evidence of the first-in-class
CDK4/6 inhibitor palbociclib in detail, focussing on clinically rele-
vant aspects such as safety, tolerability, quality of life and efficacy.

The addition of palbociclib consistently delayed disease pro-
gression and prolonged the time to subsequent systemic toxic
chemotherapies. The efficacy, simple therapy management, and
good tolerability of palbociclib has led to prolongation of a consis-
tently good quality of life for patients, one of the primary objec-
tives in palliative care. These clinically relevant findings are not
only confirmend in RCT cohorts but also in real-world settings.
The latter one takes account of factors which are highly relevant in
daily clinical care and are often not fully reflected in RCTs. This in-
cludes, for example, gender, comorbidities or older age (> Fig. 1).

The data on overall survival have been less consistent.
PALOMA-1, 2, and 3 showed a statistically significant benefit for
ET combined with palbociclib compared to ET alone in the overall
population with regards to the primary endpoint PFS but not for
the secondary endpoint OS. In RCTs, cohorts with endocrine sensi-
tive tumors showed positive signals indicating potentially pro-
longed overall survival with palbociclib-ET combination therapy. In
routine medical care, several high-quality comparative studies of
large heterogeneous real-world populations showed that this
endocrine combination appears to be associated with an overall
survival benefit (» Fig. 1).

Not least due to the low risk of interaction and generally good
tolerability, palbociclib plays an important role in numerous clini-
cal trials investigating innovative therapeutic concepts. Currently
ongoing trials include combination strategies with the new oral
PROTAC ER degrader vepdegestrant (VERITAC-3; NCT05909397)
[112] or the triplet of palbociclib, fulvestrant and the PI3 K inhibi-
tor inavolisib (INAVO120;NCT04191499) [113]. In the INAVO120
trial, patients benefited from the first-line triple combination ther-
apy compared to palbociclib/fulvestrant (PFS: HR 0.43; 95% Cl:
0.32-0.59; p=0.0001). This serves an identified medical need in
patients with HR+/HER2- mBC and endocrine resistance and, in
this context, confirmed PIK3CA mutation [114]. Whether continu-
ing with CDK4/6 inhibition beyond progression is superior to en-
docrine monotherapy was addressed in the phase-Il studies PACE
and PALMIRA. Continuation of palbociclib therapy with a different
endocrine partner after clinical progression was not associated
with prolonged PFS [115, 116]. These findings were expanded by
a retrospective real-world analysis of 839 female patients from the
Flatiron database. After receiving a CDK4/6 inhibitor as first-line
therapy, 36% received a CDK4/6 inhibitor as second-line treat-
ment. These patients had a better prognosis (rwPFS: HR 0.48;
95% Cl: 0.43-0.53; p<0.0001 and OS: HR 0.30; 95% Cl: 0.26-

0.35; p<0.0001) compared to those who received chemotherapy
as their second-line treatment [117]. This is supported by the
retrospective analysis of the GuardantINFORM database [118]. The
future must show how concepts of therapy beyond progression or
in combination with other targeted substances can lead to an
improvement in prognosis with few side effects.

As shown in the review presented here, there is an abundance
of evidence from RCTs and RWE on palbociclib-based combination
therapies. Palbociclib continues to be an important agent in the
treatment of patients with HR+/HER2- advanced breast cancer.
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