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Abstract

Background: Cyclin-dependent kinase 4/6 inhibitors (CDKi) have changed the landscape for treatment of patients with hormone receptor posi-
tive, human epidermal growth factor receptor 2-negative (HR+/HER—-) metastatic breast cancer (MBC). However, next-line treatment strategies
after CDKi progression are not yet optimized. We report here the impact of clinical and genomic factors on post-CDKi outcomes in a single
institution cohort of HR+/HER2- patients with MBC.

Methods: \We retrospectively reviewed the medical records of patients with HR+/HER2— MBC that received a CDKi between April 1, 2014
and December 1, 2019 at our institution. Data were summarized using descriptive statistics, the Kaplan-Meier method, and regression
models.

Results: We identified 140 patients with HR+/HER2— MBC that received a CDKi. Eighty percent of patients discontinued treatment due to dis-
ease progression, with a median progression-free survival (PFS) of 6.0 months (95% Cl, 5.0-7.1), whereas those that discontinued CDKi for other
reasons had a PFS of 11.3 months (95% ClI, 4.6-19.4) (hazard ratio (HR) 2.53, 95% CI, 1.50-4.26 [P = .001]). The 6-month cumulative incidence of
post-CDKi progression or death was 51% for the 112 patients who progressed on CDKi. Patients harboring PTEN mutations pre-CDKi treatment
had poorer clinical outcomes compared to those with wild-type PTEN.

Conclusion: This study highlights post-CDKi outcomes and the need for further molecular characterization and novel therapies to improve
treatments for patients with HR+/HER2- MBC.
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Implications for Practice

The unfortunate expectation of cyclin-dependent kinase 4/6 inhibitor therapy resistance and disease progression continues to challenge
the treatment and management of patients with metastatic hormone receptor-positive human epidermal growth factor 2 receptor-
negative breast cancers. In this single-center, retrospective review, real-world clinicopathological features, and mutational profiling points
to a subset of progressing tumors that are more aggressive upon discontinuation of cyclin-dependent kinase 4/6 inhibitor therapy. This
article underscores the clinical challenge with deciding upon optimal salvage strategy for patients experiencing disease progression on
cyclin-dependent kinase 4/6 inhibitor therapy.

Introduction The addition of CDKi (eg, palbociclib, ribociclib, and abe-
maciclib) to the treatment landscape have proven clinically
beneficial. Compared to ET alone, the addition of CDKi
nearly doubles the median progression-free survival (PFS),
from 14-16 to 25-28 months,>* and improves overall survival
by 7-12 months.*'? Despite these clinical trial results, tumors
develop resistance to CDKi that requires switching to dif-
ferent endocrine, targeted, or chemotherapy approaches for

Endocrine therapy (ET) is a cornerstone treatment for patients
with hormone receptor-positive (HR+), human epidermal
growth factor receptor 2-negative (HER2-) breast cancer, a
subtype that accounts for two-thirds of all advanced or met-
astatic breast cancers (MBC).! Treatment of MBC with ET
is often augmented with targeted agents, including the small
molecule inhibitors of cyclin-dependent kinase 4/6 (CDKi).?

Received: 26 January 2022; Accepted: 17 January 2023.

© The Author(s) 2023. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:mitri@ohsu.edu?subject=
https://creativecommons.org/licenses/by/4.0/

The Oncologist, 2023, Vol. 28, No. 8

the treatment of HR+/HER2- MBC."*!"” Emerging evidence
shows CDKi therapy may promote new molecular alterations
in tumor cells that could limit the effectiveness of subse-
quent currently approved regimens.'$202¢ In addition, over-
activation of the phosphoinositide-(3)-kinase (PI3K) signaling
pathway is common in HR+/HER2- MBC and may contrib-
ute to endocrine and CDK:i resistance. PI3K inhibitors have
shown activity in PI3K-mutated tumors post-CDKi therapy;
however, it is unknown if targeting this pathway can prevent
CDKi resistance from developing. The need to optimize post-
CDK:i therapies is underscored by reports of rapid disease
progression after CDKi discontinuation (referred herein as
post-CDKi). Thus, there is great need to understand clinical
and tumor-specific characteristics to better guide post-CDKi
therapy selection, particularly as the field lacks clinical prac-
tice guidance for next-line strategies.

Here we present findings of a single-institution retrospec-
tive review evaluating post-CDKi outcomes of patients with
HR+/HER2- MBC. The study objectives were to describe
patient and disease characteristics from the time of metastatic
diagnosis, estimate rates of disease progression, or death fol-
lowing CDKi discontinuation, and determine clinical and
molecular predictors of tumor progression.

Methods

Study Population

We performed a retrospective review of patient medical
records from the Oregon Health & Science University’s
Knight Cancer Institute (Portland, Oregon, USA) for patients
over 18 years of age, with HR+/HER2- MBC, who were ini-
tially prescribed a CDKi between April 1,2014 and December
1,2019. We excluded patients whose reason for CDKi discon-
tinuation was death or transition to hospice (as they lacked
post-CDKi follow-up data), male patients, and those who
failed to receive one cycle of a CDKi.

Patient information was collected from the electronic
health records database, including patient demographics,
tumor characteristics, location of metastatic disease, presence
of visceral (ie, liver, lung, ascites, pleural effusion, and metas-
tases in the central nervous system) or non-visceral (ie, bone,
skin, and lymph node) metastatic lesions, all treatments in
the metastatic setting prior to CDKi including ET and che-
motherapy, duration of CDKi, accompanying ET, reason for
CDK:i discontinuation, and type and duration of post-CDKi
treatment. Additionally, next-generation sequencing (NGS)
findings on pre-CDKi samples were analyzed for patients
with these results available.

The study was approved by the OHSU Institutional Review
Board and granted a waiver of informed consent due to its
retrospective nature (OHSU IRB#19888).

Statistical Analysis

Descriptive analyses were performed to characterize patient
demographic, disease, and treatment variables pertaining to
the time of metastatic diagnosis onwards. Categorical vari-
ables were represented with frequency counts and percentages
while continuous variables were summarized by the median,
interquartile range [IQR], and range. The primary outcome
of interest was post-CDKi PFS and secondary outcome was
post-CDKi OS, each measured from the date of CDKi dis-
continuation. Disease progression was determined by physi-
cian documentation of clinical and/or radiographic findings,
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such as patient symptoms, physical exam findings, increase
in disease burden on imaging, and start of a new therapy. As
RECIST criteria was not consistently reported for our retro-
spective cohort, we did not analyze overall response rate or
clinical benefit rate. Follow-up time was estimated with the
reverse Kaplan-Meier method. The standard Kaplan-Meier
method was used to estimate survival distributions and, in
the absence of competing risks, cumulative incidence was
computed as 1-minus the Kaplan-Meier survival estimate.
The log-rank test was applied to compare survival distribu-
tions in the absence of covariates. Cox proportional hazards
regression models were fit to quantify and test the association
between candidate predictor variables and time-to-event out-
comes. All considered predictors were determined at or before
the survival start time (ie, CDKi discontinuation) except for
post-CDK:i therapy, which was defined as a time-varying cat-
egorical predictor and evaluated with the extended Kaplan-
Meier estimator and a Cox regression model that re-evaluated
patient therapy at each observed event time. Rapid disease
progression (ie, the occurrence of disease progression or death
within 6 months after a patient discontinued a CDKi regimen)
was modeled by logistic regression after removing patients
(4%) censored before the 6-month threshold. Multivariable
model selection for each study outcome, performed on the
full patient cohort as well as the subset of patients with avail-
able pre-CDKi NGS results, considered all predictors with
univariable model Wald test P-values < .20 and consisted of
backward elimination with an Akaike’s Information Criterion
(AIC) stopping rule. P-values < .05 were considered statis-
tically significant and there was no adjustment for multiple
comparisons. Statistical analyses were conducted with R ver-
sion 4.2.1.

Results

Patient Cohort

We identified 140 HR+/HER2- MBC patients that received a
CDKi at our institution between 2014 and 2019 and discon-
tinued CDKi for any reason other than death or transition
to hospice. Patient and clinicopathological data are summa-
rized in Table 1. Nearly all patients were post-menopausal
with a median age of 65 (range 34-87) at the time of CDKi
discontinuation. The majority (76 %) had metastatic disease
arising from earlier stage disease, with visceral disease pres-
ent in 51% of patients at the time of metastatic diagnosis.
Two-thirds of patients received treatments in the metastatic
setting prior to CDKi and the median time from metastatic
diagnosis to start of CDKi was 7.4 months (IQR 1.4-31.2
months). Palbociclib was the predominant CDKi given
(93%). Letrozole (52%) and fulvestrant (40%) were the most
common ETs given in combination with a CDKi. The median
duration of CDKi therapy was 8.7 months (IQR 3.5-17.4
months), with progression being the primary reason for dis-
continuation (112/140, 80%). Treatments after discontinuing
CDKi included chemotherapy (44%), ET (25%), targeted
therapy (including everolimus and alpelisib, 21%), no further
treatment (7%), or subsequent CDKi (3%).

Survival Following CDKi Discontinuation

The median post-CDKi follow-up was 33 months. There were
97 on-study deaths (69% of patients), ranging from <1 to 40
months after CDKi discontinuation, and median overall sur-
vival (mOS) was 15.4 months (95% CI, 13.3-19.0). Median



684

Table 1. Clinicopathological characteristics of study cohort.

Clinical characteristic

Summary statistics
N (%) or median

(IQR)

Number of patients
Age at CDKi discontinuation
<65 years
265 years
De novo metastatic breast cancer
No
Yes
Metastasis type (at time of metastatic diagnosis)
Visceral®
Non-visceral
Pre-CDKi therapy in metastatic setting
No
Yes

Pre-CDKi chemo in metastatic
setting

No
Yes®

Pre-CDKi anastrozole in met.
setting

No
Yes

Pre-CDKi letrozole in met.
setting

No
Yes

Pre-CDKi exemestane in met.
setting

No
Yes

Pre-CDKi fulvestrant in met.
setting

No
Yes

Pre-CDKi tamoxifen in met.
setting

No
Yes

Pre-CDKi everolimus in met.
setting

No
Yes

Pre-CDKi capecitabine in met.
setting

No
Yes

Time between metastatic diag-
nosis and start of CDKi therapy

Type of CDKi (first regimen)
Palbociclib
Ribociclib
Abemaciclib
Endocrine therapy (specific) during CDKie
Letrozole

Fulvestrant

140

72 (51%)
68 (49%)

106 (76%)
34 (24%)

71 (51%)
69 (49%)

47 (34%)
93 (66%)

100 (71%)
40 (29%)

118 (84%)
22 (16%)

88 (63%)
52 (37%)

111 (79%)
29 (21%)

99 (71%)
41 (29%)

126 (90%)
14 (10%)

126 (90%)
14 (10%)

111 (79%)
29 (21%)

Median (IQR): 7.4
months (1.4-31.2)

130 (93%)
3(2%)
7 (5%)

73 (52%)
56 (40%)
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Table 1. Continued

Clinical characteristic Summary statistics

N (%) or median

(IQR)
Anastrozole 9 (6%)
Tamoxifen 1(1%)
None 1(1%)
Exemestane 0(0%)
Endocrine therapy (group) during CDKi¢
No fulvestrant 84 (60%)
Fulvestrant 56 (40%)

Duration of CDKi¢ Median (IQR): 8.7

months (3.5-17.4)

<12 months 81 (65%)
>12 months 49 (35%)
Reason for CDKi discontinua-
tion (specific)
Progression 112 (80%)
Adverse event 22 (16%)
Surgery or other therapy 2 (1%)
Rising tumor marker 3 (2%)
Patient preference 1(1%)
Reason for CDKi discontinuation (binary)
Progression 112 (80%)
Non-progression 28 (20%)
Time between CDKi discontin- Median (IQR): 13
uation and post-CDKi therapy? days (0-38)
Type of post-CDKi therapy*
Chemotherapy 61 (44%)
Endocrine therapy 35 (25%)
Other targeted agent 30 (21%)
None 10 (7%)
CDKi 4 (3%)

fInformation is not applicable for the 10 patients who did not receive any
post-CDKi therapy.

A patient with both visceral (eg, liver) and non-visceral (eg, bone) was
categorized as “visceral.”

"Pre-CDKi chemotherapy drugs received by patients: capecitabine (7 =
29), paclitaxel (7 = 14), nab-paclitaxel (7 = 10), doxorubicin (7 = 8), and
docetaxel (7 = 7).

“If a patient received >1 endocrine therapy concurrently with a CDKi, the
first endocrine therapy received is represented.

dSequential CDKi regimens were combined if the regimen switch was not
due to disease progression.

<“Post-CDKi therapy” was defined as the first cancer therapy the patient
received after discontinuing CDKi. However, if a CDKi regimen was
discontinued due to disease progression, this “Post-CDKi therapy” could
include a different, subsequent CDKi. For patients who received drugs

in >1 listed category, the following precedence rules were applied (from
highest precedence to lowest): chemotherapy, CDKi or other targeted small
molecule therapy, endocrine therapy. For example, a patient receiving any
chemo, regardless of whether other drugs were taken, was placed in the
chemotherapy group.

progression-free survival (mPFS) was 6.3 months (95% CI,
5.1-7.4). The mPFS for patients discontinuing CDKi because
of progression (CDKir™¢) was nearly half that of patients dis-
continuing CDKi for other reasons (CDKi*"): 6.0 months
(95% CI, 5.0-7.1) vs. 11.3 months (95% CI, 4.6-19.4),
respectively; hazards ratio (HR) 2.53 (95% CI, 1.50-4.26),
P = .001 (Table 2). The cumulative incidence rate of post-
CDK:i progression or death at 6 months for the CDKir¢ and
CDKi°ter groups was 51% (95% CI, 42%-61%) and 37%
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Table 2. Cox proportional hazards model evaluating progression-free survival after CDKi discontinuation.
Clinical characteristic Median PFS (95% CI), months HR (95% CI) P-value
Age at CDKi discontinuation N/A 0.99 (0.98-1.01) .359
Age at CDKi discontinuation (binary)
<65 years” 5.8 (5.0-7.9) 1.07 (0.75-1.52) .709
265 years 7.0 (5.0-8.0)
De novo metastatic breast cancer
No* 6.9 (5.5-8.0) 1.33 (0.89-1.99) .160
Yes 5.3 (3.8-7.0)
Metastasis type (at time of metastatic diagnosis)
Non-visceral” 7.3 (5.8-8.5) 1.35(0.95-1.92) .097
Visceralt 5.6 (4.6-7.4)
Pre-CDKi therapy in metastatic setting
No* 7.1 (5.8-8.0) 1.06 (0.73-1.54) 767
Yes 5.6 (5.0-7.8)
Pre-CDKi chemo in metastatic setting
No* 7.1(5.8-8.2) 1.36 (0.92-2.01) 120
Yes 5.0 (3.8-6.1)
Pre-CDKi anastrozole in metastatic setting
No* 6.1 (5.0-7.3) 0.71 (0.44-1.15) 162
Yes 8.8 (5.0-13.0)
Pre-CDKi letrozole in metastatic setting
No? 7.0 (5.8-8.5) 1.12 (0.78-1.61) .539
Yes 5.0 (4.5-7.8)
Pre-CDKi exemestane in metastatic setting
No? 6.5 (5.0-7.4) 1.05 (0.69-1.61) 817
Yes 6.2 (4.6-9.0)
Pre-CDKi fulvestrant in metastatic setting
No? 6.2 (5.0-7.3) 0.84 (0.57-1.23) .362
Yes 7.6 (5.0-11.0)
Pre-CDKi tamoxifen in metastatic setting
No? 6.9 (5.6-7.9) 1.34 (0.75-2.40) 316
Yes 5.0 (2.9-5.8)
Pre-CDKi everolimus in metastatic setting
No? 6.5(5.3-7.6) 1.35(0.78-2.37) 287
Yes 5.1(0.8-11.0)
Pre-CDKi capecitabine in metastatic setting
No? 6.9 (5.5-7.9) 1.30 (0.84-2.01) 236
Yes 5.0 (3.2-8.0)
Time between metastatic diagnosis and start of CDKi therapy, months N/A 1.00 (0.99-1.00) 912
Type of CDKi (first regimen)
Palbociclib? 6.1 (5.0-7.4)
Ribociclib 11.7 (6.5-NA) 0.73 (0.23-2.29) 585
Abemaciclib 4.6 (2.2-NA) 0.91 (0.34-2.48) .860
Endocrine therapy (specific) during CDKi*
Letrozole 6.3 (5.0-8.2) Unreliable Cox model estimates
Fulvestrant 6.1 (4.9-7.8) due to small category counts
Anastrozole 10.7 (2.2-NA)
Tamoxifen 7.9 (NA-NA);n=1
None 2.6 (NA-NA);n=1
Exemestane N/A;n=0
Endocrine therapy (group) during CDKi*
NSAI* 6.5 (5.0-8.4) 1.36 (0.94-1.96) 105
SERD 6.1(4.9-7.8)
Duration of CDKi"
<12 months” 5.8 (4.8-6.5) 0.70 (0.48-1.03) .073

>12 months

8.0 (5.6-11.0)
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Table 2. Continued
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Clinical characteristic Median PFS (95% CI), months HR (95% CI) P-value

Reason for CDKi discontinuation

Non-progression” 11.3 (4.6-19.4) 2.53 (1.50-4.26) .001
Progression 6.0 (5.0-7.1)
Type of post-CDKi therapy (TVC)™

Chemotherapy” 6.1 (4.8-8.0)

Endocrine tx 5.0 (4.1-11.0) 0.78 (0.49-1.22)

CDKi 6.9 (5.1-NA) 0.83 (0.30-2.29)

Other targeted tx 6.3 (3.5-7.9) 1.19 (0.75-1.87)

None? NA (3.7-NA) 0.54 (0.26-1.13)

AReference group for interpreting the hazard ratio (HR) for PFS. If the HR in a non-reference group row is >1, this indicates that this group has a greater

risk of progression or death compared to the reference group. This elevated
entirely above 1

risk is statistically significant (at the nominal « level of .05) if its 95% Cl is

A patient with both visceral (eg, liver) and non-visceral (eg, bone) metastases was categorized as “visceral.”

*If a patient received >1 endocrine therapy concurrently with a CDKi, the first endocrine therapy received is represented.

“Sequential CDKi regimens were combined if the regimen switch was not due to disease progression.

" “Post-CDKi therapy” was defined as the first cancer therapy the patient received after discontinuing CDKi. However, if a CDKi regimen was discontinued
due to disease progression, this “Post-CDKi therapy” could include a different, subsequent CDKi. For patients who received drugs in >1 listed category, the
following precedence rules were applied (from highest precedence to lowest): chemotherapy, CDKi or other targeted therapy, endocrine therapy.
Abbreviations: NSAI, non-steroidal aromatase inhibitor; SERD, selective estrogen receptor degrader (ie, fulvestrant); TVC, time-varying covariate (ie, predictor).

(95% CI, 22%-58%), respectively. At 12 months post-CDKi,
rates were 86% (95% CI, 78%-91%) for CDKi*™¢ and 54 %
(95% CI, 36%-74%) for CDKi*"r patients (Fig. 1A).

The following patient characteristics were associated with
an elevated risk of progression or death after CDKi discontin-
uation (Table 2): de novo metastatic disease (HR 1.33 [95%
CI, 0.89-1.99], P = .160), visceral disease at the time of met-
astatic diagnosis (HR 1.35 [95% CI, 0.95-1.92], P = .097),
exposure to chemotherapy (HR 1.36 [95% CI:, 0.92-2.01], P
=.120) or lack of exposure to anastrozole (HR 1.42 [95% ClI,
0.88-2.30], P = .150) in the metastatic setting prior to CDKi,
receipt of fulvestrant in combination with CDKi (HR 1.34
[95% CI, 0.93-1.93], P = .121), and CDK:i duration <1 year
(HR 1.42 [95% CI, 0.97-2.08], P = .073). After discontinua-
tion of CDKi, mPFS estimates for next line therapies were: 5.0
months (95% CI, 4.1-11.0) for endocrine therapy, 6.1 months
(95% CI, 4.8-8.0) for any chemotherapy, 6.3 months (95%
CL, 3.5-7.9) for a non-CDKi targeted agent, and 6.9 months
(95% CI, 5.1-NA) for a new CDKi. Nine of the 10 patients
who did not receive any post-CDKi treatment died within 6
months after discontinuing CDKi.

In a multivariable analysis, the reason for CDKi discontin-
uation (progression vs. other) was the only significant predic-
tor of PFS (HR 2.57 [95% CI, 1.53-4.33]; P < .001) (Fig. 1B).
However, de novo metastatic disease (HR 1.33, P = .160),
the presence of visceral metastases (HR 1.33, P = .119), and
receipt of CDKi for less than 1 year (HR 1.43, P = .067) were
also retained in the model. In a subgroup analysis of the 112
patients who discontinued CDKi because of disease progres-
sion, having visceral metastatic lesions was associated with
shorter PFS (HR 1.64 [95% CI: 1.10-2.44], P = .015). The
multivariable model for OS contained duration of CDKi and
reason for CDKi discontinuation, with patients who ended
therapy because of disease progression having a significantly
higher risk of death (HR 2.49 [95% CI, 1.38-4.49], P = .002)
than those who discontinued CDKi for another reason.

Genomic Analyses

Clinical NGS was performed on pre-CDKi tumor samples
of 37 patients in our cohort (5 primary site samples and 32

metastatic samples were sequenced). We evaluated the asso-
ciation between pre-CDKi mutation status and post-CDKi
survival for 12 genes that had an alteration of any type
in at least 2 of these 37 patients (Fig. 2A, Supplementary
Table S1). PTEN alterations were present in 6 patients
(16%) and included 4 copy loss, 1 splice site, and 1 frame-
shift mutation (Supplementary Table 2). PTEN had the
strongest correlation with prognosis: those with a PTEN
mutation had mPFS of 3 months and mOS of 4 months
while wild-type patients had mPFS of 7 months (log-rank P
=.014) and mOS of 18 months (log-rank P <.001) (Fig. 2B,
Supplementary Table S1). In multivariable analyses, when
adjusting for prognostic factors that had univariable model
P-values < .20 and were retained after AIC-based backward
elimination (pre-CDKi chemotherapy and pre-CDK:i fulves-
trant in the metastatic setting and >1 year of CDKi for PFS;
pre-CDKi AKT mutational status and fulvestrant for OS),
harboring a PTEN mutation increased the risk of progres-
sion and death (PFS HR 5.9 [95% CI, 1.9-18.3], P = .002;
OS HR 17.3 [95% CI, 4.4-67.4], P < .001). Patients with
PTEN-mutated tumors, compared to those with wild-type
PTEN, were significantly more likely to experience rapid
disease progression, when adjusting for pre-CDKi FGFR
mutational status, chemotherapy in the metastatic setting,
and age at CDKi discontinuation (odds ratio 88.3 [95% CI,
2.5-1.8 x 10%], P = .040).

Discussion

Tumor progression following CDKi therapy is an unfortu-
nate expectation for patients with HR+/HER2- MBC. In this
single-institution study, 80% of patients experienced disease
progression on CDKi therapy with a median PFS of 6.0 months
that was significantly shorter than those who stopped CDKi
therapy for reasons other than progression (11.3 months).
In our analysis, visceral metastases at the time of metastatic
diagnosis was a risk factor for progression or death, which
is consistent with prior reports*’>* and suggestive of a more
aggressive tumor biology underlying post-CDKi resistance.?
Furthermore, patients who progressed on a CDKi had a 51%
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Figure 1. Progression post-CDKi (A) Cumulative incidence rate of post-
CDK:i progression or death stratified by reason for CDKi discontinuation.
(B) PFS adjusted Cox model curve. Multivariable Cox proportional hazard
regression adjusted for de novo metastases, visceral metastases, and
duration of CDKi.

chance of rapid disease progression, defined as progression or
death within 6 months after CDKi discontinuation.

This phenomenon of rapid disease progression was first
reported in a small case series of 4 patients who received
CDKi in clinical trials, where post-CDKi survival varied from
4 to 25 months. A separate report found that post-CDKi
treatment duration varied based on whether CDKi was given
in the first or second line, with first-line CDKi associated with
greater median time-to-treatment failure for the next line of
therapy. Our analysis similarly revealed that prior treatment
with chemotherapy was associated with greater risk for dis-
ease progression or death following CDKi discontinuation.
Altogether, these findings expand upon existing efforts to
understand the problem of post-CDKi disease progression in
MBC by exploring predictors of progression and examining
the reasons for CDKi discontinuation.

The optimal next-line therapy following CDKi is undeter-
mined, yet there are observations that the time to next pro-
gression may vary with the type of therapy, with some studies
reporting that patients treated with chemotherapy after receiv-
ing CDKi are significantly more likely to experience progressive
disease.?»*” In our cohort, PFS following CDKi discontinua-
tion was longest for the group of 4 patients whose next line
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of treatment was a different CDKi. Although based on a small
sample size, this finding aligns with emerging data that sug-
gest a role for continued CDKi therapy after progression.3¢-40
In a 1:1 randomized, prospective evaluation of 120 patients
with HR+/HER2- MBC who had progressed on ET and
CDKi therapy (with only 11% having prior ribociclib), those
assigned to receive ribociclib with fulvestrant or exemestane
had a significantly longer PFS (median 5.3 months; HR 0.56)
than those receiving fulvestrant or exemestane alone (median
2.8 months).*! Similarly, recent studies report that 23%-37%
of patients with HR+/HER2- MBC achieve durable responses
greater than 6 months with abemaciclib therapy after progres-
sion on palbociclib or ribociclib.3¢3$3%42 Additionally, evalu-
ation of a separate retrospective cohort found that patients
receiving abemaciclib after progression of disease on palbo-
ciclib had a median PFS of 5.3 months that was not mean-
ingfully influenced by continued concurrent treatment with
an ET.* This suggests that continuation of CDKi (the same
or alternative CDK targeting agent) at progression, similar
to continuation of tyrosine kinase inhibitors in other malig-
nancies at time of progression, may stave off tumor growth
in some patients.**” Predicting which patients would benefit
from such a strategy will require a better understanding of
molecular changes occurring within a tumor and its microen-
vironment during treatment.

Our understanding of acquired CDKi resistance points
to a complicated and heterogeneous landscape of mecha-
nisms driving resistance, including adaptive changes that
exploit redundancies in signaling pathways.!”!$#-53 Among
these, constitutive PI3K/AKT/mTOR pathway activation
(present in over 50% of HR+/HER2- MBC) plays a cen-
tral role in tumorigenesis and can promote acquired endo-
crine and CDKi resistance.’®*0 Emerging studies support
a strategy for suppression of CDK4/6 activity combined
with inhibition of PI3K/AKT/mTOR signaling to overcome
CDK:i resistance; however, no single gene alteration in the
PI3K pathway has proven predictive of survival, suggesting
that redundancies in the PI3K signaling network influence
oncogenic potency.537385051,5455,58-61 - Mytational profiling
available in a subset of our cohort revealed a preponderance
of mutations in constituents of the FGFR/FGF and PI3K/
AKT/mTOR pathways, which have known crosstalk medi-
ating CDKi and endocrine resistance.'»® Particularly, we
observed that patients harboring a PTEN mutation before
initiation of CDKi had significantly shorter post-CDKi PFS
and 6 times the odds of experiencing rapid disease progres-
sion. Although a larger study is needed to confirm these find-
ings, they align with preclinical studies showing that a loss
of PTEN in breast tumor cells is sufficient to drive CDKi
resistance.’’? Upregulation of AKT activity stemming from
PTEN loss promotes resistance to both CDKi and PI3Ka
inhibitors, which is reversed by treatment with an AKT
inhibitor (AKTi). Indeed, combining AKTi with CDKi and
endocrine therapy in the preclinical setting was effective in
reducing tumor growth and metastasis in cancers resistant
to the combination of CDKi and endocrine therapy. The
on-going CAPItello-292 trial (NCT04862663) is evaluating
the AKTi, capivasertib, in combination with palbociclib and
fulvestrant vs. palbociclib and fulvestrant in patients with
HR+/HER2- MBC. Pending findings from this trial, it will
be interesting to see if PTEN loss can serve as a biomarker
to optimize upfront selection of patients that could benefit
from this triplet regimen.
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Figure 2. PTEN mutation as predictor of post-CDKi disease progression. (A) Frequency of mutations among subset of 37 patients with available clinical
NGS prior to CDKi initiation. All but 4 of these patients had >1 mutation (of the 12 genes we analyzed). (B) Post-CDKi PFS Kaplan-Meier curves by pre-

CDKi PTEN mutational status.

This study is limited by its relatively small sample size, the
retrospective nature of the analysis, selection bias from phy-
sician choice of non-CDKi regimen, and pre-CDKi sequenc-
ing analyses that were performed on a limited subset of our
cohort with available NGS data. Even so, this study, to our
knowledge, provides the first real-world estimates of occur-
rence of disease progression following CDKi discontinuation
among patients with HR+/HER2- MBC.

Conclusion

Our findings suggest that a subset of progressing tumors
are more aggressive upon discontinuation of CDKi therapy,
adding to the clinical challenge imposed by lack of clinical
practice guidelines for this unique population after progres-
sion. The widespread utilization of CDKi-based regimens in
MBC underscores the need to understand how CDKi ther-
apy alters tumor biology so that we can identify biomarkers
of resistance or response, and optimize subsequent lines of
treatment. Future studies molecularly characterizing patient
tumors before and after CDKi are needed to help design clin-
ical trials for patients with HR+/HER2- MBC.
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