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Abstract

Cell-cycle inhibition is a new standard-of-care therapy
in estrogen-receptor—positive metastatic breast cancer
(MBC). The rapid integration of cyclin-dependent kinase
(CDK) 4/6 inhibitors into mainstream clinical practice has
led to many important investigations into biomarkers

of response, mechanisms of resistance, sequencing of
therapies, the role of other CDK4/6 inhibitors, and usage
in other breast cancer subtypes. Here, we review the
current state of palbociclib, ribociclib, and abemaciclib
as CDK4/6 inhibitors in MBC, with particular attention to
ongoing clinical trials in breast cancer.
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Introduction

Anti-CDK4/6 agents inhibit the phosphorylation of the retino-
blastoma (Rb) tumor suppressor, which promotes Rb-E2F binding
and prevents E2F-mediated oncogenic transcription. Slamon and
colleagues showed compelling preclinical data indicating the efficacy
of palbociclib in esrogen receptor positive (ER+) breast cancer cell
lines. These experiments established that in the absence of hormonal
therapy, palbociclib is cytostatic, and that when combined with estro-
gen blockade, there is a synergistic decrease in cell proliferation.

The phase Il PALOMA-1 trial demonstrated a 10-month
improved progression-free survival (PFS) in women with ER+ MBC
treated with firstline letrozole plus palbociclib, a CDK4/6 inhibitor,
versus letrozole alone (20.2 vs 10.2 months, hazard ratio [HR], 0.488,
one-sided P = .0004). This led to the larger phase III
PALOMA-2 trial, which confirmed a 10-month improved PFS
in women with ER+ MBC treated with first-line letrozole plus
palbociclib versus letrozole alone (24.8 vs 14.5 months, HR, 0.58; P
<.000001). Importantly, these trials enrolled women who had not
received endocrine therapy for their metastatic disease.

The phase Il PALOMA:-3 trial demonstrated a 5-month improved
PFS in women with ER+ MBC who had progressed despite endo-
crine therapy for their metastatic disease, and were treated with pal-
bociclib plus fulvestrant, versus fulvestrant alone (9.5 vs 4.6 months;
HR, 0.46; P <.0001). Together, these studies have elevated palbociclib

plus letrozole as the preferred first-line therapy in women with ER+
MBC, and palbociclib plus fulvestrant as an effective therapy in
patients with ER+ MBC not previously treated with palbociclib who
have progressed on a nonsteroidal aromatase inhibitor.

The success of palbociclib has spurred the development of other
CDK4/6 inhibitors including ribociclib, which is now FDA ap-
proved in combination with fulvestrant, and abemaciclib, which has
been granted an FDA breakthrough therapy designation. Numerous
clinical trials are investigating these CDK4/6 inhibitors in settings
beyond metastatic disease (Table), including adjuvant and neoadju-
vant trials and novel combinations with other targeted therapies and
immunotherapies. Therefore, it will be of great interest to see where
these drugs show efficacy and if there may be differential activities
among the inhibitors.

CDK4/6 Inhibitors and Clinical Profiles
Palbociclib has a halfmaximal inhibitory concentration (IC50) for
CDK4/6 of 9 to 15 pM.® The most frequent adverse events (AEs)of
palbociclib are neutropenia, thrombocytopenia, and fatigue. The most
frequent grade 3/4 AEs are pulmonary embolism (4%) and diarrhea
(2%). Palbociclib is dosed at 125 mg twice daily, 3 weeks on and 1 week
off. Importantly in clinical trials, few patients had febrile neutropenia.
Ribociclib has an IC50 for CDK4/6 of 11 to 39 pM.® The most
frequent AEs with ribociclib are neutropenia, nausea, and thrombo-
cytopenia. The most frequent grade 3/4 AEs are neutropenia and
thrombocytopenia. Of note, aspartate aminotransferase/alanine
aminotransferase increases (15%) and corrected QT interval prolonga-
tion were observed (8%); therefore, serial liver-function test monitoring
and electrocardiograms are recommended when prescribing ribociclib.
Ribociclib is dosed at 600 mg daily, 3 weeks on and 1 week off.
Abemaciclib has an IC50 for CDK4/6 of 2 to 5 upM,® and it can
penetrate the blood-brain barrier. The most frequent AEs of abemac-
iclib are neutropenia and diarrhea. Almost all patients will also have
an asymptomatic creatinine increase, which is an on-target AE of
abemaciclib because it inhibits renal efflux transporters in the proxi-
mal tubule of the kidney. The most frequent grade 3/4 AEs are neu-
tropenia and diarrhea. Some clinical trials now integrate prophylactic
loperamide, an antidiarrheal medication, with abemaciclib. Abemaci-
clib as a single agent is dosed continuously at 200 mg twice a day. In
combination with endocrine therapy, abemaciclib is currently under
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investigation at 150 mg twice a day. Of note, abemaciclib is effective
as monotherapy without the need for hormonal blockade,” and this
may be due to its increased affinity for CDK4, which is important for
breast cancer oncogenesis, as compared with CDKO6.

Biomarkers of Response and Resistance, Mechanisms of Sensitivity,
and Mechanisms of Resistance

While palbociclib is a targeted therapy, we do not understand

the characteristics of ER+ breast cancers that predict for clinical

TABLE. CDK4/6 Inhibitor Trials

response. Palbociclib owes its development to decades of work on the
cell cycle,” which culminated in the 2001 Nobel Prize in Physiology

or Medicine for Hartwell, Hunt, and Nurse.

Based on these seminal studies, one may predict that amplifica-
tion of cyclin D1 (which binds to CDK4/6 and is required for its
enzyme activity) or loss of p16 (which is a negative regulator of the
CDK4/6-cyclin D1 complex) would enhance sensitivity to CDK4/6
inhibitors. PALOMA-1,’ which tested letrozole with and without
palbociclib in patients with ER+ MBC, enrolled molecularly defined

Trial .. Breast cancer q
Name NCT# Phase Drug combinations e Setting Status
PALOMA-1 | NCT00721409 Phase I/1 P+LvsL ER+ MBC Endocrine therapy-naive for MBC Completed
PALOMA-2 | NCT01740427 Phase IlI P+LvsL ER+ MBC Endocrine therapy-naive for MBC Completed
PALOMA-3 | NCT01942135 Phase III P+FvsF ER+ MBC Failed endocrine therapy Completed
PALOMA-4 | NCT02297438 Phase IlI P+LvsL ER+ MBC Endocrine therapy-naive for MBC, Asian patients Recruiting
PATRICIA NCT02448420 Phase Il P+T+LP+T ER+ HERZ+ and ER- Failed 2-4 lines of anti-HER2 therapy Recruiting
HER2+ MBC
PEARL NCT02028507 Phase IlI P+EvsP+FvsC ER+ MBC Failed Al Recruiting
| ER+ locally s/p NACT with taxane-containing regimen, .
PENELOPE-B | NCT01864746 Phase IlI P vs placebo advanced BC without pCR Recruiting
P + standard endocrine therapy Adjuvant or neoadjuvant study, may have -
PALLAS NCT02513394 Phase llI S ST G GERE HEEw) ER+ early stage BC received NACT Recruiting
PATINA
P + any endocrine therapy + T . -
NCT02947685 Phase IlI + pertuzumab vs any endocrine ER+ HER2+ MBC Failed trastuzumab or other anti-HER2 Not yet open
therapies
therapy + T + pertuzumab
NCT02605486 Phase I/1 P + bicalutamide AR+ MBC No limit to number of prior therapies Recruiting
NCT01823835 Phase I/1 P+ GDC-0810 +/-0S ER+ MBC Inclusion criteria vary per arm Recruiting
NCT01320592 Phase | P + paclitaxel MBC, all subtypes Rb wildtype Ongoing
NCT01976169 Phase Ib P+ T-DM1 HER2+ MBC Failed trastuzamab or other ant-HER? Recruiting
therapies
NCT02871791 Phase I/l P+ E + evero ER+ MBC Progression on prior CDK4/6i and Al Recruiting
NCT02778685 Phase Il P + L + pembrolizumab ER+ MBC Stable disease on P + L Recruiting
ER+ early-stage . -
NCT02760030 Phase Il P+F unresectable BC Newly diagnosed and untreated, age >70 Recruiting
NCT01723774 Phase Il P+ AN ER+ early-stage BC Neoadjuvant chemotherapy-sparing trial Recruiting
NCT02684032 Phase | Priv gedatolljs{b; PHEr ER+ MBC Inclusion criteria vary per arm Recruiting
gedatolisib
NCT03007979 Phase Il P +L; P + F; with P given 5 days ER+ MBC One prior therapy for metastatic disease Not yet open
on, 2 days off allowed
NCT03006172 Phase | P+ L+ GDC-0077 (in arm B) ER+ PIKSCA- Must have PIK3CA mutation Recruiting
mutated MBC
NCT01037790 Phase Il P MBC, all subtypes Multiple inclusion criteria Recruiting

A indicates abemaciclib; Al, aromatase inhibitor; AN, anastrozole; AR, androgen receptor; BC, breast cancer; C, capecitabine; CDK, cyclin-dependent kinase;
CRC, colorectal cancer; E, exemestane; ER, estrogen receptor; evero, everolimus; F, fulvestrant; GBM, glioblastoma multiforme; HER2, human epidermal
growth factor receptor 2; L, letrozole; MBC, metastatic breast cancer; NACT, neoadjuvant chemotherapy; NSAI, nonsteroidal aromatase inhibitor; NSCLC,
non-small cell lung cancer; OS, ovarian suppression; P, palbociclib; pCR, pathologic complete response; R, ribociclib; Rb, retinoblastoma; T, trastuzumab; Tam,
tamoxifen; T-DM1, ado-trastuzumab emtansine; TNBC, triple-negative breast cancer.
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TABLE. CDK4/6 Inhibitor Trials (contd.)

Trial A Breast cancer .

Name NCT# Phase Drug combinations subtype Setting Status
MONALEESA-1 | NCT01919229 | Phasell | R (400 mg)+LvsR (600 mg)+LvsL Early stage BC Pre-surgical Terminated
MONALEESA-2 | NCT01958021 | Phase llI R+LvsL ER+ MBC Endocrine therapy-naive for MBC Ongoing
MONALEESA-3 | NCT02422615 | Phase Ii R+FusF ER+ MBC ey dlEgRes @ Rl et ke Ongoing

includes men

MONALEESA-7 | NCT02278120 | Phase llI R+ OS + Al/Tam ER+ MBC Endocrine therapy-naive for MBC Ongoing
Metastatic TNBC,

SIGNATURE NCT02187783 Phase Il R other metastatic solid CDK4/6, cyclin D, or p16 aberrations Ongoing
and liquid tumors

COMPLEEMENT-1 | NCT02941926 Plh/aﬁe R+LvsL ER+ MBC De novo metastatic, also men Ongoing

TRINITI-1 NCT02732119 Prfﬁe R+ E + Evero ER '°°a'g’cad"a"°ed Progressed CDK4/6, also includes men | Recruiting

LeeBLet
NCT02154776 Phase | R + L + buparlisib ER+ MBC Therapy-naive for MBC Ongoing
. Failed Al, some arms include patients .

NCT01857193 Phase Ib R+E+ Evero; R+ E ER+ MBC who have failed other CDK4 /6 Recruiting

NCT01872260 Phase Ib R+LAlp+LR+Alp+L ER+ MBC Multiple inclusion criteria for different arms | Recruiting

NCT02657343 Phase I/l R+T,R+T-DM1 ER+ HER2+ MBC Multiple inclusion criteria for different arms | Recruiting

NCT02632045 Phase Il R+FvsF ER+ MBC Failed CDK4 /6, also includes men Recruiting

NCT02088684 Phasell | R+F;R+F +Alp; R +F + buparlisib ER+ MBC Failed endocrine therapy and 1 or 2 Ongoing

lines of chemotherapy
NCT02599363 Phase | R + weekly paclitaxel MBC, any subtype Failed up to 3 lines of chemotherapy Recruiting

A indicates abemaciclib; Al, aromatase inhibitor; Alp, alpelisib; AN, anastrozole; BC, breast cancer; C, capecitabine; CDK, cyclin-dependent kinase; CRC,
colorectal cancer; E, exemestane; ER, estrogen receptor; evero, everolimus; F, fulvestrant; GBM, glioblastoma multiforme; HER2, human epidermal growth
factor receptor 2; L, letrozole; MBC, metastatic breast cancer; NACT, neoadjuvant chemotherapy; NSAI, nonsteroidal aromatase inhibitor; NSCLC, non-small
cell lung cancer; OS, ovarian suppression; P, palbociclib; pCR, pathologic complete response; R, ribociclib; Rb, retinoblastoma; T, trastuzumab; Tam, tamoxifen;

T-DM1, ado-trastuzumab emtansine; TNBC, triple-negative breast cancer.

cohorts of patients with amplification of cyclin D1, loss of p16, or
both. However, these tumor alterations did not predict for response
to palbociclib, and ER positivity remains the only validated bio-
marker of response. In addition, PALOMA-3° showed that neither
PIK3CA mutational status (as detected by circulating tumor DNA)
nor quantitative level of ER positivity predicted for response to pal-
bociclib. Additional biomarker analyses from PALOMA-2"° did not
reveal any other cell-cycle-related genes that predicted for response
to palbociclib plus letrozole.

Forty-five percent of patients on palbociclib do not derive an objec-
tive response and, among the patients who initially respond, 50% of
them progress after 2 years of therapy.! Currently, the only accepted
mechanism of intrinsic resistance to CDK4/6 inhibitors in patients
is Rb loss, which is rare (2.4%) in non-triple negative MBC."" In
vitro experiments have implicated cyclin E amplification,”” CDK6
amplification,” and increased pyruvate dehydrogenase kinase 1'* as
mechanisms of acquired resistance to palbociclib monotherapy; how-
ever, these associations with clinical resistance to CDK4/6 blockade
have yet to be confirmed.

Biomarkers have also been explored in the neoadjuvant CDK4/6

inhibitor space. The NeoPalAna trial”® studied neoadjuvant anastro-
zole for 4 weeks, followed by the addition of palbociclib to anastro-
zole for four 28-day cycles, with single-agent anastrozole continuing
until surgery. Biopsies were collected on starting palbociclib, after
2 weeks of palbociclib, and at surgery. There was a significantly
increased rate of complete cell-cycle arrest (defined as Ki67 protein
<2.7%) after 2 weeks of palbociclib plus anastrozole as compared
with when starting palbociclib (87% vs 26%). How CDK4/6 inhib-
itors modulate Ki67 and whether or not decreased Ki67 translates
into a decreased risk of recurrence and increased survival are open
questions. Additional biomarker analysis showed that neither lumi-
nal breast cancer subtype nor PIK3CA mutational status predicted
for response to palbociclib plus anastrozole. Palbociclib-resistant tu-
mors had increased expression of cell-cycle genes CCND3, CCNE],
and CDKNZ2D on gene-expression analysis. Given that these genes
are all downstream targets of the E2F1 transcription factor, it will be
interesting to test to see if palbociclib resistance may be characterized
by a cell-cycle gene signature.

The phase I neoMONARCH trial,’® which investigates neoad-
juvant abemaciclib plus anastrozole, includes a “window study”
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TABLE. CDK4/6 Inhibitor Trials (contd.)

Trial N Breast cancer q
Name NCT# Phase Drug combinations subtype Setting Status
MONARCH 1 | NCT02102490 | Phase Il A ER+ MBC IFEe] @RElaeie WEERy At IS 6 | g
chemotherapy
MONARCH 2 NCT02107703 | Phase Il A+FvsF ER+ MBC Failed endocrine therapy Ongoing
MONARCH 3 NCT02246621 Phase Ill A+ Alvs Al ER+ MBC Endocrine therapy-naive for MBC Ongoing
Avs Lvs A+ L for two weeks (window ER+ locally . . .
neoMONARCH NCT02441946 Phase Ill study); A + L for 14-22 weeks advanced BC Neoadjuvant trial Ongoing
monarcHER | NCT02675231 | Phase Il A+T+FvsA+TvsT+Chemo ER+ HER2+ MBC i) 2 MRS @7 AEHAILY2 ey Recruiting
including taxane and T-DM1

JPBH NCT02057133 Phase | A + multiple therapies ER* Ma%’CHERer Multiple inclusion criteria for different arms | Recruiting

ER+ MBC, MBC;
JPBA NCT01394016 Phase | A + F; Ain other cohorts also NSCLC, GBM, Failed F; or failed standard therapies Ongoing

Melanoma, CRC

ER+ HER2+ MBC, Brain metastases without leptomeningeal
JPBO NCT02308020 | Phase Il A ER+ MBC; also : without fep ing Recruiting
disease
NSCLC, melanoma
nextMONARCH1 | NCT02747004 | Phase Il A+TvsAvsA+ prophylacnc ER+ MBC Failed endo<':r|ne therapy and no more than Recruiting
loperamide 2 lines of chemotherapy
ER+ MBC; also
. squamous NSCLC, | Failed endocrine therapy and no more than .
NCT02779751 Phase Il A + pembrolizumab KRAS+ PD-L1+ 1 llie & @ et Recruiting
NSCLC
NCT02763566 | Phase IlI A + NSAl vs NSAI; A + Fvs F ER+ MBC Therapy-naive for MBC Recruiting
NCT02784795 Phase | < BTEORIA7ES (M el e &1 T EC NOt.Ch Multiple inclusion criteria for different arms | Recruiting
other cancers pathway alterations

A indicates abemaciclib; Al, aromatase inhibitor; AN, anastrozole; BC, breast cancer; C, capecitabine; CDK, cyclin-dependent kinase; CRC, colorectal cancer;

E, exemestane; ER, estrogen receptor; evero, everolimus; F, fulvestrant; GBM, glioblastoma multiforme; HER2, human epidermal growth factor receptor 2; L,
letrozole; MBC, metastatic breast cancer; NACT, neoadjuvant chemotherapy; NSAI, nonsteroidal aromatase inhibitor; NSCLC, non-small cell lung cancer; OS,
ovarian suppression; P, palbociclib; pCR, pathologic complete response; R, ribociclib; Rb, retinoblastoma; T, trastuzumab; Tam, tamoxifen; TDM1, ado-trastu-

zumab emtansine; TNBC, triple-negative breast cancer.

in which patients obtain a pretreatment biopsy and are initially
randomized to 2 weeks of abemaciclib monotherapy, anastrozole
monotherapy, or a combination of the 2, after which they receive a
posttreatment biopsy. After these 2 weeks, patients are continued

on abemaciclib and anastrozole for 14 to 22 weeks. The primary
endpoint is a decrease in Ki67 after 2 weeks of treatment. The study
met its primary endpoint and both abemaciclib monotherapy as well
as abemaciclib and anastrozole combination caused decreased Ki67 as
compared with anastrozole alone.

Another research team!” has shown that decreases in tumor Ki67
parallel decreases in serum thymidine kinase in patients on neoadju-
vant palbociclib plus anastrozole. This may provide preclinical data
for a new serum biomarker for response to CDK4/6 inhibitors, at
least in the neoadjuvant arena.

Many CDK4/6 inhibitor clinical trials are collecting pre-, on-, and
posttreatment biopsies, as well as circulating tumor DNA, for targeted
next-generation sequencing, and these studies may reveal biomarkers
or determinants of response and resistance to CDK4/6 inhibitors.

In summary, other than ER-positivity, we do not understand the
mechanisms of sensitivity or resistance to palbociclib and CDK4/6

inhibitors in ER+ MBC, apart from Rb loss predicting for resistance.
Elucidating these resistance mechanisms will be crucial to leveraging

the efficacy of CDK4/6 inhibitors.

Sequencing of Therapies and Finding a Place for Ribociclib

and Abemaciclib

Currently, palbociclib is approved as firstline therapy in patients with
de novo ER+ MBC, and palbociclib and ribociclib are approved for
patients with recurrent metastatic disease who have progressed on
endocrine therapies. Given the emergence of other CDK4/6 inhibi-
tors, one important question is whether patients who have progressed
on or after palbociclib may derive benefit from continued CDK4/6
inhibition, including treatment with palbociclib or another agent
such as ribociclib or abemaciclib.

Some preclinical data suggest non-cross-resistance among CDK4/6
inhibitors. One study™ generated palbociclib- and ribociclib-resistant
cell clones and showed that some of these clones were sensitive to
abemaciclib. Many ribociclib trials are exploring this question, including
NCTO1857193" (ribociclib plus exemestane plus everolimus, a
mechanistic target of rapamycin inhibitor; or ribociclib plus exemestane),
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TRINITLE1% (ribociclib plus exemestane plus everolimus), and
NCT02632045% (ribociclib plus fulvestrant vs fulvestrant) in patients
who have previously received a CDK4/6 inhibitor.

Palbociclib and ribociclib are similar in that both require hormon-
al therapy for efficacy in ER+ MBC. However, abemaciclib also has
single-agent activity, as shown in the phase [l MONARCH-1 trial.”
MONARCH-1 enrolled a heavily pretreated patient population after
prior progression on endocrine therapy and at least 1 prior chemother-
apy agent for MBC, and showed about a 20% response rate and about
a40% clinical benefit rate, including patients with stable disease, with a
median overall survival of about 22 months on abemaciclib monother-
apy.”? Expanding on these data, and capitalizing on the penetration of

1 is investi-

abemaciclib into the central nervous system, the JPBO tria
gating single-agent abemaciclib in patients with ER+ and ER+/human
epidermal growth factor receptor-positive (HER2+) brain metastases.

Another outstanding clinical question concerns the optimal thera-
py after a patient has progressed on firstline palbociclib plus letrozole.
Current standard options are hormonal therapy plus everolimus,
hormonal therapy alone, or chemotherapy (eg, capecitabine). Hope-
fully, detailed correlative molecular analyses of patients on CDK4/6
inhibitor clinical trials will be able to answer this critical question,
and to determine if genomically defined patient subsets (eg, ESRI
mutations, PIK3CA mutations) may respond differently.

CDK4/6 Inhibitors in Other Breast Cancer Subtypes and
Settings, and With Chemotherapy and Immunotherapy

While CDK4/6 inhibitors are effective in ER+ breast cancer, it
remains to be seen if they are also effective in patients with ER+/
HER2+ breast cancer or triple-negative breast cancer (TNBC).

Some trials exploring the efficacy of CDK4/6 inhibitors in combi-
nation with trastuzumab or ado-trastuzumab emtansine (TDM1) in
ER+ HER2+ MBC are PATRICIA* (palbociclib plus trastuzumab
plus letrozole vs palbociclib plus trastuzumab, also with arms for
ER- HER2+ patients), NCT01976169%(palbociclib plus TTDM1),
NCT02657343 (ribociclib plus trastuzumab; ribociclib plus TDM1),
monarcHER?® (abemaciclib plus trastuzumab plus fulvestrant vs
abemaciclib plus trastuzumab vs trastuzumab plus chemotherapy of
physician’s choice), and JPBO? (abemaciclib monotherapy).

While CDK4/6 inhibitors were initially thought to have improved
efficacy in TNBC, preclinical work did not support this hypothesis,
although there were some TNBC cell lines that did have adequate
IC50s for palbociclib. CDK4/6 inhibitors are the subject of multiple
trials in the metastatic TNBC space including NCT02605486% (pal-
bociclib plus bicalutamide) in androgen-receptor-positive patients,
SIGNATURE?® (ribociclib monotherapy), NCT02599363% (ribo-
ciclib plus weekly paclitaxel) in Rb-wildtype patients of any subtype,
JPBA* (arm with abemaciclib monotherapy), and NCT02784795"
(abemaciclib plus Notch inhibitor LY3039478) in patients with Notch
pathway alterations of any subtype.

Since many chemotherapeutics (eg, taxanes) require an intact cell
cycle, combining these therapies may or may not be synergistic. Pre-

clinical data supporting the combination of CDK4/6 inhibitors with
chemotherapy are mixed, suggesting either lack of cytotoxic synergy
with CDK4/6 inhibitors*® or attenuation of CDK4/6 inhibitor-in-
duced cytotoxicity.”> Some phase I clinical trials are exploring com-
bining CDK4/6 inhibitors with cytotoxic chemotherapy, including
NCT02599363% (ribociclib plus weekly paclitaxel). Palbociclib plus
weekly paclitaxel* can be administered safely, and we await trials
exploring efficacy of these combinations.

Checkpoint blockade immunotherapy is a clear success in mela-
noma, non-small cell carcinoma, and other solid tumors; however,
its role in breast cancer is not clear. An arm of KEYNOTE 012%
(pembrolizumab, a monoclonal antibody against PD-1) showed that
of 32 patients with heavily pretreated PD-L1+ metastatic TNBC, there
was a 19% response rate and a 26% clinical benefit rate. An arm of
KEYNOTE 028% (pembrolizumab) demonstrated a 12% response
rate and 20% clinical benefit rate in heavily pretreated patients with
ER+ HER2- PD-L1+ MBC. As in other solid tumors, PD-L1 positivi-
ty is predictive but not prognostic of response to checkpoint blockade.
Low response rates in MBC have also been observed in the JAVELIN
trial’”” (avelumab, a monoclonal antibody against PD-L1).

The modest response of checkpoint blockade in ER+ MBC has
spurred clinical trials looking at ways to potentiate immunotherapy
with CDK4/6 inhibition. NCT02779751, a phase II clinical trial,
is evaluating the safety and preliminary efficacy of abemaciclib plus
pembrolizumab. NCT02778685, another phase II clinical trial, is
investigating the safety and preliminary efficacy of adding pembroli-
zumab to palbociclib plus letrozole in patients with stable disease on
palbociclib plus letrozole. These studies and their correlative biomark-
ers may reveal ways to potentiate the modest efficacy of checkpoint
blockade in ER+ MBC.

Conclusion

The addition of palbociclib to the armamentarium of therapies in
ER+ MBC is of great utility for patients; however, many fundamental
questions remain about biomarkers for response and resistance, the
role of next-generation CDK4/6 inhibitors, efficacy in other breast
cancer subtypes, and combinations with other targeted therapies, che-
motherapy, and immunotherapy. Multidisciplinary work integrating
basic science, translational science, and clinical trials will be required
to leverage fully the potential of CDK4/6 inhibitors in patients.
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