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The advent of CDK4/6 inhibitors has transformed the frontline management of HR +/
HER2— metastatic breast cancer. However, resistance to these agents is inevitable,
leading to a growing need for evidence-based post-progression strategies. This review
synthesizes data from major trials—SONIA, PALMIRA, MAINTAIN, postMONARCH, and
EMBER-3—exploring both rechallenge and class-switching strategies. We evaluate the
clinical impact of switching versus continuing CDK4/6 inhibitors, mechanisms of
resistance, and emerging agents such as oral SERDs (selective estrogen receptor
degraders) and PROTACs. The evidence suggests limited benefit for same-agent
rechallenge and supports the use of novel combinations in biomarker-selected
populations. Personalized sequencing guided by molecular profiling may define the

treatment

Refining Sequencing Decisions in the
Post-CDK4/6 Era

The treatment paradigm of hormone receptor-positive (HR +),
HER2 negative advanced breast cancer (ABC) has been
revolutionized with the advent of cyclin-dependent kinase 4
and 6 (CDK4/6) inhibitors. Incorporation of agents such as
palbociclib, ribociclib, and abemaciclib in the frontline setting
alongside endocrine therapy (ET) has resulted in profound
improvements in progression-free survival (PFS) and, in select
trials, overall survival (OS). These landmark benefits have
firmly entrenched CDK4/6 inhibitors as the cornerstone of
initial therapy for metastatic HR+ breast cancer.

However, despite these advances, resistance to CDK4/6
inhibition is inevitable in nearly all patients, typically within
2 to 3 years of treatment initiation." This has led to an
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next frontier in HR +/HER2— metastatic breast cancer management.

important clinical dilemma: what constitutes the optimal
treatment strategy following progression on a CDK4/6 in-
hibitor? In recent years, several pivotal studies including
SONIA, PALMIRA, PACE, MAINTAIN, postMONARCH, and
EMBER-3 have provided valuable insights. Understanding
the nuances of these trials is key to crafting a personalized,
evidence-informed treatment sequence in this setting.

Revisiting First-Line CDK4/6: Insights from
the SONIA Study

The SONIA trial is one of the first large-scale randomized
trials to directly interrogate the necessity of upfront CDK4/6
inhibition in all patients.2 Conducted in the Netherlands, this
phase IIl study randomized HR +/HER2— ABC patients to
either receive CDK4/6i plus aromatase inhibitor (Al) followed
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by fulvestrant, or a deferred strategy where patients received
Al alone initially followed by CDK4/6i plus fulvestrant upon
progression.

The primary endpoint of PFS2, defined as time to progres-
sion on second-line therapy, showed no statistically signifi-
cant difference between the two strategies (31.0 vs. 26.8
months; hazard ratio [HR]: 0.87; p=0.10). While these
results do not refute the benefit of CDK4/6i, they raise the
possibility of de-escalation in low-risk patients, particularly
those with indolent disease biology. The study was limited by
predominant use of palbociclib (which lacks an OS signal)
and reliance on fulvestrant monotherapy as second-line ET,
which may not reflect contemporary practice. Nonetheless,
SONIA underscores the importance of individualized deci-
sion-making in front-line therapy.

PALMIRA Trial: Evaluating Same-Class
Rechallenge

PALMIRA was a randomized phase II study designed to test
the hypothesis that rechallenge with the same CDK4/6
inhibitor (palbociclib) following a prior response could retain
clinical efficacy.’ Patients who had progressed after an initial
benefit from palbociclib were randomized in a 2:1 ratio to
receive palbociclib plus ET versus ET alone.

While the clinical benefit rate favored the combination
arm (41.9 vs. 27.4%), the primary endpoint of median PFS
showed only a modest, statistically nonsignificant improve-
ment (4.9 vs. 3.6 months; HR: 0.84; p=0.149). Objective
response rates and OS outcomes were also not significantly
different. These findings suggest that rechallenge with the
same CDK4/6 inhibitor, even in patients with previous
benefit, offers limited utility and may be best reserved for
highly selected cases.

Comparative Evidence: PACE, MAINTAIN,
postMONARCH

Beyond PALMIRA, several additional studies have interrogat-
ed various strategies following progression on CDK4/6 inhi-
bition. The PACE trial evaluated whether continued use of
palbociclib in combination with a new ET partner (fulves-
trant) could offer additional benefit post-progression.* The
study failed to show a PFS advantage, with a HR of 1.11
(p=0.62), suggesting that simple continuation of the same
CDK4/6i is not effective.

In contrast, the MAINTAIN trial explored a different ap-
proach—switching the CDK4/6 inhibitor.” In this study, patients
who progressed on palbociclib were switched to ribociclib in
combination with a new ET backbone. This strategy yielded a
significant PFS improvement (5.3 vs. 2.8 months; HR: 0.57;
p=0.006), demonstrating that switching agents within the
same drug class can recapture therapeutic benefit.

Similarly, the postMONARCH trial evaluated abemaciclib in
combination with fulvestrant versus fulvestrant alone, again
in a post-CDK4/6i setting.® Here, abemaciclib retained efficacy
with a PFS improvement of 6.0 versus 5.3 months (HR: 0.73;
p=0.01). These findings collectively underscore that while
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same-agent rechallenge is largely ineffective, a class switch—
especially to a CDK4/6 inhibitor with different pharmacody-
namics—may offer meaningful benefit (~Tables 1 and 2).

Mechanisms of Resistance and Implications
for Sequencing

As resistance to CDK4/6 inhibitors emerges as a near-univer-
sal phenomenon, understanding the underlying biological
mechanisms becomes essential to guide rational sequencing.
Several well-characterized pathways have been implicated in
mediating resistance. Loss of the retinoblastoma protein
(RB1) is a pivotal driver, given that intact RB1 is necessary
for CDK4/6i-mediated cell cycle arrest. CDK6 amplification
and overexpression of cyclin E1, both of which can bypass
CDK4/6 control, are also important contributors. Activation
of the PI3K/AKT/mTOR signaling axis can promote cellular
proliferation independent of the CDK4/6-RB1 pathway.

Probable pharmacodynamic reasons supporting a switch
from palbociclib to either ribociclib or abemaciclib include
differences in CDK4/6 selectivity, with abemaciclib and
ribociclib exhibiting stronger CDK4 inhibition. Abemaciclib
offers continuous inhibition, in contrast to the intermittent
dosing of palbociclib, and also demonstrates broader kinase
inhibition—particularly of CDK9. Its superior tissue and
central nervous system penetration further enhance its
therapeutic reach. Ribociclib, on the other hand, has shown
a profound effect on RB phosphorylation and cell cycle arrest,
alongside notable impacts on the tumor microenvironment
and immune modulation. Additionally, ribociclib may help
bypass several resistance mechanisms that can emerge dur-
ing palbociclib treatment, making it a rational post-progres-
sion strategy.

Endocrine resistance mechanisms often co-occur, partic-
ularly mutations in the estrogen receptor gene (ESR1), which
are observed in up to 30 to 40% of tumors post-CDK4/6i
therapy.’ These mutations confer ligand-independent recep-
tor activation and reduced sensitivity to Als. Importantly,
ESR1 mutations remain targetable with selective estrogen
receptor degraders (SERDs) such as elacestrant and imlu-
nestrant, offering a rationale for incorporating these agents
into post-progression regimens (=Table 3)38-16

EMBER-3: Oral SERDs post CDK4/6i
Progression

The EMBER-3 trial marks a new chapter in the post-CDK4/6
treatment landscape. This phase III study evaluated the
combination of imlunestrant, a novel oral SERD, with abe-
maciclib in patients who had progressed on prior CDK4/6
inhibitor therapy.® The combination achieved a statistically
significant improvement in PFS compared with imlunestrant
monotherapy (9.4 vs. 5.5 months; HR: 0.57).

Subgroup analyses revealed that patients harboring ESR1
mutations or PI3K pathway alterations derived particularly
strong benefit. Notably, a subset analysis in patients with
prior exposure to abemaciclib showed attenuated benefit,
raising important questions about cross-resistance.



Rajan, Akhade

Post-CDK4/6i Strategies in HR +/HER2— Advanced Breast Cancer

‘oljes plezey ‘YH @uab 103dadas usabouiisa ©Ys3 YN Jowny buire|noid ‘YNQGID ([BAIIUI 2UIPLUOD | :SUOIIRIAIIQQY

11J2Uaq 4O SSO| ON (39sqns YNAP) %Ly~ 200 (S6°0-£5°0) €270 SYOW €°G 'SA 0°9 (qupewage) sop gHD¥VNOWIsod
payidads 10N pa3lodal jJoN 9000 (S6'0-6€°0) LS50 SYuOW 87 "SA €°G (qip120qu) saA <NIVINIVIN
Peduw 1ys3 21eJ uoneINW | YS3 anjep-d (1D %56) ¥H (1013u0d "sn oquiod) S4d uelpaln YIHMs 9/pXad Jeuy

HOYVYNOW3ISOd snsian NIVLINIVIA :S[eH3 Y2UMS 9/FMAD T d1qel

‘[BAIAINS 99.4-uoissalbold ‘S{d
t103dad3a1 auowloy “YH ‘o1jel piezey ‘YH ‘103dadal 10306} yImolb [ewiapida uewny ‘NauzyIH LoHqIyul 9/paseun) Jusapuadap-ulpAd ‘1943 D 9381 3yauaq [BIIUIP “YgD 19DUBD ISEIIQ PIDUBAPE ‘)Y :SUOIIRIARIGQY

Bunias siyy | asn 19/yMaD Joud (eayuieip 19/#3a>d Joud
ur Aoedyya paulelal ul A319usbolazay ‘eluadoanau) (s6°0-25°0) 19)4e qIppIDEWRqE 19/ ad-3sod
qipPewaqy ouwos ON % 6% L0°0 €L'0 S4d 0} YDUMS | DEY —Z¥FH/+¥H | €9¥ qux<zO_>_ﬁoa
Y23}IMS-0qLI My ainj|iey
1yauaq pamoys | ‘qipidogjed Ajpsow 9|qeabeuew (s6°0-6£°0) qipoqed iayye qippoqed-ysod
youms qupoqry | azis ajdwes jlews ON INq ybiH | 9000 LS50 S4d | qIP10OqU 03 YPUMS | DFY —Z¥IH/+¥H | 0ZL GNIVINIVIN
(qupogjed
uoissalboud uoijejndod Apsow)
-3s0d qipp100oqjed snoauaboialay (etuadoiinau) (s5'L-6£0) uoissalboud 19/ ad-1sod
Buippe 3yauaq oN ‘a|dues |jews ON %9°91 29'0 LLL S4d 19/¥MAD-3s0d | D9V —T¥IH/+UH | 02T y30Vd
(ebu3jjeydas
patamodiapun (etwaue 9/¥ad 1J2UdQ MM H7<
SO/S4d 10U 9buajjeydal ‘eluadouinau) (£0'L-99°0) awies) uoissaiboud ‘qip1poqed Joud
nq ‘panoirduwi ¥gd bnip awes ON %V Ly | 6710 780 S4d qippogiedisod | DY —Z¥IH/+¥H | 861 VAINTVd
A1D1x03
sjutod A3y sypeqmelq | 1aA0sso1) —+¢ apein d | (D %S6) ¥H | 3urodpul bunias uoisnju| N lenyL

Alewwns pauiquiod—s|eL} ydums pue abuajjeysal 9/p3Nad L djqel

Indian Journal of Medical and Paediatric Oncology © 2025. The Author(s).



Post-CDK4/6i Strategies in HR +/HER2— Advanced Breast Cancer Rajan, Akhade

©
~N
° <
o | g o Tu
o|®| 9994l w oo
sl3|E|l5|E|5]2|2l2 |©|E|E
22| E|&|5|22|E2|2 |=|3|3
Slalao|ls|le|ls|lolo]o o|c| g
nli<|—[Oo|0o|0|a|a|x 0|0 |a
= —
T =
o|o|o|= =
Zl1E8|8|E ]
o|lm|wm|®|o]|v ~
- s|lo|lo|o|o|o|w 21g
=|l5s5l5|lo| "] " | ra)
£l |elel=|g|2|E|B c|8
o= —|=|=| 2| o] o
x|1Z2|3|T|T|2|8|c]8 |82
=) x|Vl Yl® || T
= I = I I I B -l - [ A )
— in
N N
n )
) ~|o
o é.rcz,\
o |l |
-~ = x| u|o >
= v [} T |£ =
e | < c = || >
c | v | 5T =
- | € e} EOV O
S| © - EE o]
E|E =l e N oA 5
IR 6| ]
zl—|o|a|a|o|us] .| ©
V9l lelel>]2]» )
=l¢(8l=lglc|lel2]> ]
0 | SCU’ '_E [N B A
w|R|o|P|lolE|lV]|~— M| x| o
a|lmn|Z|F|[a|[Of—]— |10 =] >
—_ —_ —
o [ee] ~
™~ n n
o o o
o o o
T T T
= = =
(%] (%] wv
e e -
w| e 1= EE
g| o [} o =
£lE E E|@ N
clo|lzle|~ n|™ ol IS
ol |le|le S 1 5| &
dTl—lo|lyu]|m|D n|vmMm c
S|u|5|5|y]|s sl2% =
" c
"’>_Q_Q>% >EOD_§4;‘
Llelolo|N|E S|eE|n|g]|2
olN|Z|Z2Z|K[O a|lm= ||| E
=
]
]
c —_
] =
S i
7 =
3 v|lo|lo| o n|lou| v vl ol
v clelelc bl E=ER= clc| o
c|c £
k] +l ||| ==+ Bl
= Y]lo|lo|lo|lo|lo|lo|lT|o oo g
8 [Elcfcslele|lw|w]|lc]|c c|lc| =
D AN N|N|N|[—]—]N|N NN
3
9]
= 5 o
| o| m| @ Y ]
ool v S n
N> vl V]| & @]
% clec c|lc|c = |G
o | .E AN S5 @
T Slele| | N[N|IN|2>| m o | 8|2
— TS |le|m|om|m|=]C E|l5|™©
+ | E|c clel S5 )=
ol E|LQ|+=|=]|+ > ol V]| ¥
v |9 c|lO|lw|lw|lw|l=]Z |=|9|O
O |2 |lvn|g|l<|<|<|T|< o|l< |2
£
g
3} ~ —
[l NS |© i1
= J2l<l<l2]2|2le |z|-|E
< || x|< |< c
@] = | & Z|IZ|Z2|%|= ol E
¥ |([=|%|lo|¥Y|lu|lu|u|s|= x| 5|5
a |® 0| |x|x z || o
=l=1= S|lo |~ <)
= O | |w|w = | 2
T |FlH(< | s> Ofla|a
©
a
n
5 E_va —
v 2|z [ =l le |E |
cll=2]=2+=[= —
— al|lslElele|lesle|l® [=
© | = o|mo|o|lc|s c
j e cle | @]l ==l 2@ o
@) c|lwls|E2| 2|25 o i
clo|lBlvw]lalwnl® + |~
el vl loflol|ld|D |
™M n VIN|[N]|N 7] U |
|l | N|IN[IN] e O |~
(=) N ] 519 N
9 3|9 olEIEIE[Z2] A AR E=
i LEE._mmmem T |Y|a
®m |Q|T|<|O|U|uU|U|lE|> o< |N
=

Indian Journal of Medical and Paediatric Oncology © 2025. The Author(s).

Abbreviations: ER, estrogen receptor; TBD, to be determined.

Note: Vepdegestrant’s two phase 3 trials halted in January and May 2025 due to strategic reprioritization. AC0682 and ZD12 are PROTACs.

However, it is crucial to recognize that this subset was small
and the trial was not powered to evaluate outcomes specifi-
cally in post-abemaciclib patients. Therefore, while the data
suggest potential limitations of sequencing abemaciclib be-
fore and after progression, further studies are needed to
validate these observations.

SERENA-6 Trial

The SERENA-6 trial demonstrated that early switching to
camizestrant upon detection of ESR1 mutations via serial
ctDNA (circulating tumor DNA) monitoring prolonged PFS
(16.0 vs. 9.2 months; HR: 0.44) and improved patient-
reported outcomes.'* However, the trial design raises
critical concerns: continuing Als in the control arm despite
known ESR1 resistance is biologically suboptimal and may
have inflated the observed benefit. Moreover, the interven-
tion hinges on access to frequent liquid biopsy testing—an
expensive and logistically intensive strategy not widely
available. Post-progression treatment imbalance further
complicates interpretation: patients in the camizestrant
arm received more chemotherapy after first progression,
while 10% in the control arm received oral SERDs, diluting
comparability. Additionally, the lack of crossover to cami-
zestrant in the control group precludes a fair assessment of
the strategy’s total clinical impact. This design flaw limits the
ability to compare early versus delayed introduction of
camizestrant and may artificially enhance first-line PFS
differences. With OS and PFS2 data still immature, the true
clinical utility and cost-effectiveness of this early-switch
approach remain uncertain.

VERITAC-2 Trial

The VERITAC-2 trial evaluated vepdegestrant, a novel oral
PROTAC ER degrader, against fulvestrant in patients with
HR +/HER2— ABC post-CDK4/6 inhibitor therapy.'® In the
ESR1-mutant subgroup, vepdegestrant improved PFS (5.0 vs.
2.1 months; HR: 0.58; p < 0.001), but the overall population
did not meet significance (HR: 0.83; p=0.07). Despite this,
treatment discontinuation due to adverse events remained
low (<5%), underscoring favorable tolerability. However,
exclusion of prior fulvestrant or chemotherapy limits appli-
cability to real-world settings. Moreover, the modest abso-
lute PFS gain and absence of mature OS data suggest that the
drug’s role may be confined to biomarker-selected niches.

Controversies in Post-CDK4|6 Sequencing

Despite the growing body of evidence, several areas of
controversy persist in post-CDK4/6i sequencing. Notably,
the conflicting outcomes among trials evaluating CDK4/6
inhibitor continuation versus switch strategies—such as
PALMIRA, PACE, MAINTAIN, and postMONARCH—highlight
inherent complexities. While PALMIRA and PACE failed to
demonstrate PFS benefit with palbociclib continuation,
MAINTAIN and postMONARCH showed that switching to
ribociclib or abemaciclib can offer meaningful efficacy. These
discrepancies may stem from differences in trial design,
CDK4/6 pharmacologic profiles, endocrine backbone
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selection, and inclusion criteria. Abemaciclib’s continuous
dosing schedule and broader kinase inhibition profile may
explain its favorable outcomes in the postMONARCH trial.

A second area of ambiguity relates to the potential for
cross-resistance, particularly concerning sequencing of abe-
maciclib. In EMBER-3, the subset of patients previously
exposed to abemaciclib derived attenuated benefit when
re-treated with the same agent. Also, if one looks at the
Kaplan Meier curves of all these trials, we see steep drop
in initial few months and curve separation occurs after 2 to
3 months, this suggests that some of these patients may have
endocrine resistance due to mechanism that we do not know
yet and probable such patients can be salvaged by early
introduction of cytotoxic chemotherapy. But as of today, we
do not have biomarkers to identify these patients. However,
given the small size of this subgroup and the lack of statistical
powering, these findings must be interpreted with caution.
Prospective data are needed to assess whether prior abema-
ciclib use should influence future selection.

Finally, the distinction between pharmacologic failure
and true biologic resistance remains poorly defined. Some
patients progressing on CDK4/6 inhibitors may still harbor
endocrine-responsive disease, suggesting that ET backbone
or resistance mechanisms such as ESR1 mutation, rather
than CDK4/6i inefficacy, may drive progression. These nuan-
ces underscore the need for biomarker-integrated strategies
to guide clinical decision-making.

Managing Relapses after Adjuvant CDK4[6i

With the approval of abemaciclib and ribociclib in the adju-
vant setting, patients who relapse after receiving adjuvant
CDK4/6, treatment in the metastatic setting should be guided
by mutational profile and prior treatment-free interval. If the
relapse occurs within 12 months of stopping adjuvant
CDK4/6i, most guidelines consider it as “CDK4/6-refractory.”
In such cases, CDK4/6 rechallenge (even with a different
agent) is not routinely recommended outside trials. Instead,
ET with targeted agents based on mutation status (e.g.,
alpelisib or capivasertib for PIK3CA-mutant tumors, elaces-
trant for ESR1-mutant disease) is preferred. For PIK3CA-
mutant tumors, the inavolisib—palbociclib-fulvestrant triplet
also shows promise.!” In patients without targetable muta-
tions or with rapid progression, chemotherapy may be re-
quired. PostMONARCH showed that continuing abemaciclib
beyond progression may delay further progression, but data
specifically in post-adjuvant settings are limited.

Patients with early progression (i.e., within 12 months of
CDK4/6i initiation) are more likely to harbor intrinsic resis-
tance mechanisms and may be less suitable for rechallenge.
Conversely, late progressors—those deriving benefit beyond 1
year—may still respond to a class switch or combination
strategies involving novel endocrine agents or targeted
therapies.

Future Directions and Conclusions

The management of HR +/HER2— metastatic breast cancer
following progression on CDK4/6 inhibitors is increasingly
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complex and rapidly evolving. Current evidence indicates
that same-agent rechallenge offers limited benefit and
should be discouraged. Switching to a different CDK4/6
inhibitor—such as ribociclib or abemaciclib—or combining
with a novel endocrine agent like imlunestrant appears to be
a more effective strategy.

Looking ahead, biomarker-driven treatment algorithms
that incorporate genomic and transcriptomic profiling will
be essential. Resistance mechanisms such as RB1 loss, ESR1
mutations, and PI3K/AKT activation must inform clinical
decisions. Additionally, the emergence of new SERDs, PRO-
TACs, and AKT inhibitors opens exciting avenues for over-
coming resistance and extending disease control (~Table 3).

Ultimately, the post-CDK4/6 landscape demands nuanced,
individualized treatment strategies. Future trials should aim
to integrate biomarker stratification, consider prior drug
exposure patterns, and explore rational combination strate-
gies to optimize outcomes in this patient population.

In resource-constrained settings, particularly in low- and
middle-income countries, access to novel oral SERDs, PRO-
TACs, and liquid biopsy-based ctDNA monitoring remains
highly limited. High costs, lack of availability, and infrastruc-
tural challenges make routine implementation difficult.
Therefore, class-switch strategies—such as transitioning
from palbociclib to ribociclib or abemaciclib—represent
pragmatic and more accessible options, especially where
generic formulations exist. This emphasizes the need to
adapt post-CDK4/6 treatment sequencing to the realities of
local resource availability.

Patient Consent
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