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Abstract

Purpose: neoMONARCH assessed the biological effects of abemaciclib in combination with
anastrozole in the neoadjuvant setting.

Patients and Methods: Postmenopausal women with stage I1-111B HR*/HER2™ breast cancer
were randomized to a 2-week lead-in of abemaciclib, anastrozole, or abemaciclib plus anastrozole
followed by 14 weeks of the combination. The primary objective evaluated change in Ki67 from
baseline to 2 weeks of treatment. Additional objectives included clinical, radiologic, and
pathologic responses, safety, as well as gene expression changes related to cell proliferation and
immune response.

Results: Abemaciclib, alone or in combination with anastrozole, achieved a significant decrease
in Ki67 expression and led to potent cell-cycle arrest after 2 weeks of treatment compared with
anastrozole alone. More patients in the abemaciclib-containing arms versus anastrozole alone
achieved complete cell-cycle arrest (58%/68% vs. 14%, P < 0.001). At the end of treatment,
following 2 weeks lead-in and 14 weeks of combination therapy, 46% of intent-to-treat patients
achieved a radiologic response, with pathologic complete response observed in 4%. The most
common all-grade adverse events were diarrhea (62%), constipation (44%), and nausea (42%).
Abemaciclib, anastrozole, and the combination inhibited cell-cycle processes and estrogen
signaling; however, combination therapy resulted in increased cytokine signaling and adaptive
immune response indicative of enhanced antigen presentation and activated T-cell phenotypes.

Conclusions: Abemaciclib plus anastrozole demonstrated biological and clinical activity with
generally manageable toxicities in patients with HR*/HER2™ early breast cancer. Abemaciclib led
to potent cell-cycle arrest, and in combination with anastrozole, enhanced immune activation.

Introduction

Hormone receptor—positive (HR™) breast cancer is the most common subtype of breast
cancer (1). Endocrine therapy (ET) including the nonsteroidal aromatase inhibitor
anastrozole is a highly effective therapy for early- and late-stage disease (2). The major
limitation of ET is the innate or acquired resistance associated with molecular pathways
including the constitutive activation of cyclin-dependent kinases 4 and 6 (CDK4/6; ref. 3).

Clin Cancer Res. Author manuscript; available in PMC 2020 September 17.
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The discovery that inhibition of CDK4/6 significantly decreases /n vitroand in vivo growth
of hormone receptor (HR)—positive, human epidermal growth factor receptor 2—negative
(HR*/HER?2) breast cancer cells has changed the treatment landscape of this disease subtype
(4-6). CDK4 and CDK®6 promote progression from Gq phase to S phase of the cell cycle and
are essential for regulation of cell proliferation (7). Inhibition of CDK4/6 with a small
molecule prevents cell-cycle progression through G; and arrests tumor growth. Abemaciclib
is one of three currently approved selective small-molecule inhibitor of CDK4/6 for
treatment of HR*/HER2™ metastatic breast cancer, the other two being palbociclib and
ribociclib (8-14). In preclinical studies, short-term inhibition caused temporary Gq arrest in
vitroand in vivo (9, 13). Continuous inhibition with the drug results in sustained growth
arrest by preventing phosphorylation of retinoblastoma protein (Rb; ref. 11) and the release
of the transcription elongation factor 2 (E2F) required for cell-cycle progression from G; to
S resulting in apoptosis or senescence. In addition, preclinical studies suggest the potential
for CDK4/6 inhibitors to promote antitumor immunity (15, 16).

Expression of the proliferation marker Ki67 is commonly used in early stage breast cancer
as a prognostic marker (17). Studies of neoadjuvant ET demonstrated that a change in Ki67
after 2 weeks of therapy can be used as a pharmacodynamic marker of efficacy and
correlated with recurrence-free survival (18-20). Aside from estrogen receptor status (ER*),
predictive biomarkers of potential clinical benefit from CDK4/6 inhibitors remain elusive
(21-23).

We evaluated the biological and clinical effects of treatment with abemaciclib alone and in
combination with anastrozole compared with anastrozole monotherapy in postmenopausal
women with early-stage HR*/HER2™ breast cancer. We hypothesized that the addition of a
CDKa4/6 inhibitor to ET would significantly improve Ki67 responses. Given the known role
of CDK4/6 inhibitors in the cell cycle and their suggested role in antitumor immunity, we
also hypothesized changes in cell cycle—associated genes (CCAG) and immune response—
related biomarkers would be observed, and changes in these biomarkers may be predictive of
response. Therefore, we assessed the change in Ki67 expression after 2 weeks of treatment
in addition to the radiologic, pathologic, and clinical response at the end of treatment (EOT)
and evaluated the modulation of cell cycle and immune-associated genes.

Patients and Methods

Clinical trial design and tumor biopsies

neoMONARCH, a multicenter, randomized, open-label, phase Il study compared the
biological effects of 2 weeks of treatment with abemaciclib (150 mg orally every 12 hours)
in combination with anastrozole (1 mg orally once daily) to those of abemaciclib
monotherapy and anastrozole monotherapy for postmenopausal women with early-stage
[stage I (tumor =1 cm), II, lI1A, or 111B] HR*/HER2™ breast cancer. Eligible patients
underwent core biopsies prior to randomization in a 1:1:1 ratio to 1 of 3 treatment arms for 2
weeks (Supplementary Fig. S1A). Randomization was stratified by progesterone receptor
(PR) status and tumor size. Patients received treatment for 2 weeks (cycle 1), followed by a
second core biopsy. All patients then received abemaciclib and anastrozole combination
therapy for 14 weeks followed by a third biopsy at completion of treatment (16 weeks).

Clin Cancer Res. Author manuscript; available in PMC 2020 September 17.
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Clinical, radiologic, and pathologic responses, as well as safety profiles were assessed
following 16 weeks of therapy. Patients who experienced a benefit from study therapy could
remain on treatment for up to 2 additional cycles (8 weeks; extension period) at the
discretion of the treating physician. Surgery at EOT was not a requirement of this study.
During the first 28 days, prophylactic loperamide (2 mg orally) was given with each dose of
abemaciclib, then at the discretion of the treating physician.

Study participants were required to have adenocarcinoma of the breast deemed suitable for
treatment with neoadjuvant endocrine monotherapy. Exclusion criteria included bilateral
invasive, metastatic, or inflammatory breast cancer; prior systemic therapy or radio-therapy
of the current cancer; prior antiestrogen therapy with raloxifene, tamoxifen, aromatase
inhibitor, or other selective ER modulator; history of any other malignancy within the past 5
years, with the exception of nonmelanoma skin cancer or carcinoma /n situ of the cervix;
significant cardiac history; and active infection. Study was conducted at 53 sites in 10
countries in compliance with the principles of good clinical practice, applicable laws and
regulations, and the Declaration of Helsinki. Patients provided written consent before
enrollment. Study protocol was approved by each institution’s review board and was
registered with ClinicalTrials.gov (NCT02441946).

Ki67 IHC and quantification

The primary objective was to determine the change in Ki67 expression from baseline to 2
weeks of therapy. A Ki67 response at 2 weeks was predefined in the protocol as Ki67
<2.7%. Formalin-fixed, paraffin-embedded (FFPE) breast tumors (from core biopsies or
surgical tissue) were stained for Ki67 at each time point by IHC at the University of
Southern California CAP/CLIA—certified laboratory using the anti-Ki67 antibody (DAKO
clone MIB-1). Samples were blindly assessed by apathologist usingstandard scoring
guidelines (24). Baseline Ki67 measurement of at least 5% and a valid 2-week measurement
of any magnitude were used for the analysis of all Ki67-derived endpoints.

For exploratory biomarker analyses, complete cell-cycle arrest (CCCA) was defined as Ki67
<2.7%, as described previously (18, 25-27). Tumors were categorized by posttreatment
Ki67 expression as either sensitive (Ki67 <2.7%) or resistant (Ki67 =7.4%), as described
previously (25). Tumors intrinsically resistant to therapy were identified as Ki67 >7.4% after
2 and 16 weeks of therapy.

Safety analyses and tumor response

Secondary objectives assessed radiologic, pathologic, and clinical response, as well as safety
and tolerability from baseline to 16 weeks of therapy. The safety analysis was based on
summaries of adverse events (AE) reported in Common Terminology Criteria for Adverse
Events (CTCAE version 4.0) and possible relationship to study drug as assessed by the
investigators. The secondary endpoint of pathologic complete response (pCR) was defined
as no invasive cancer in the breast and sampled axillary lymph nodes following completion
of neoadjuvant systemic therapy. The secondary endpoints of clinical objective response
(OR) and radiologic response were evaluated according to RECIST v1.1. Clinical tumor
assessments were performed at baseline and the start of each cycle using skin calipers.

Clin Cancer Res. Author manuscript; available in PMC 2020 September 17.
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Tumor assessments by imaging were performed at baseline and the end of study treatment or
during study treatment at the discretion of the treating physician. Acceptable imaging
modalities were ultrasound and magnetic resonance imaging.

Gene expression analysis (MODAplex and RNA-seq)

Exploratory biomarker analyses evaluated the early and late cell cycle and immune-
modulating effects of abemaciclib. Gene expression analyses were performed to identify
markers of drug sensitivity and resistance. Extracted RNA from FFPE tumor biopsies at
each time-point was subjected to a CCAG expression panel using the MODAplex platform
(Qiagen) in the Clinical Diagnostic Laboratory at Eli Lilly and Company (Indianapolis, IN)
or sequenced using the Illumina Truseq RNA exome RNA sequencing (RNA-seq) at Insight
Genetics (Nashville, TN). See Supplementary Materials and Methods for assay details.

PIK3CA sequencing

DNA was isolated from baseline FFPE tumor tissue with the BioSprint 96 DNA Kit
(Qiagen). Droplet digital PCR (ddPCR) was performed by Asuragen, Inc. on the BioRad
QX200 platform to evaluate 4 PIK3CA mutations: E542K, E545K, H1047L, and H1047R.
The cut-off points for mutations defined as “POSITIVE” were =2% mutant allele frequency
for the PIK3CA E542K, H1047L, and H1047R assays and =5% mutant allele frequency for
the PIK3CA E545K assay, based on empirically determined lower limit of detection for each
probe.

Data sharing statement

Lilly provides access to all individual participant data collected during the trial, after
anonymization, with the exception of pharmacokinetic or genetic data. Data are available to
request 6 months after the indication studied has been approved in the United States and EU
and after primary publication acceptance, whichever is later. No expiration date of data
requests is currently set once they are made available. Access is provided after a proposal
has been approved by an independent review committee identified for this purpose and after
receipt of a signed data sharing agreement. Data and documents, including the study
protocol, statistical analysis plan, clinical study report, blank or annotated case report forms,
will be provided in a secure data sharing environment. For details on submitting a request,
see the instructions provided at www.vivli.org.

Statistical analysis

With a minimum of 50 patients in each arm, this design provided 82% power, assuming a
change in geometric mean Ki67 expression from —82% in the control arm to —91% in either
experimental arm at a 1-sided alpha level of 0.1. To enroll 50 evaluable patients per arm, or
150 patients in total, approximately 220 patients were randomized. The primary endpoint of
the percent change in Ki67 expression from baseline to 2 weeks of treatment was evaluated
on the log Ki67 ratio scale. The analysis was done using a linear model with treatment, PR
status, and tumor size as fixed effects. The least square mean estimates obtained from the
model were back-transformed to the percentage change scale.

Clin Cancer Res. Author manuscript; available in PMC 2020 September 17.
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The pCR rate was estimated from patients (regardless of initial 2-week therapy) who
underwent surgery (7= 190) and was compared with a historical control rate of 5%.
Comparison was performed using a 1-sided exact binomial test at a 1-sided alpha of 0.1.

The RNA-seq data from available samples were subjected to differential gene expression
analyses per treatment arm per time point versus a pooled baseline of patients using a one-
way ANOVA model (LIMMA ver3.34.9), followed by a Gene Set Enrichment Analysis
(GSEA Preranked ver6.0.10 and MSigDb datasets [Reactome.v6.1, h.all.v6.1]). For
MODAplex analyses, the longitudinal expression data were analyzed using a mixed-effect
model for repeated measurements under the missing at random assumption. In particular, the
least squares mean estimates of expression change from baseline to postbaseline timepoints
were estimated using a model with treatment arm, time point, interaction of treatment arm
with time point, and baseline expression level as covariates. In exploratory biomarker
analyses limited by small sample size, the baseline samples were pooled.

Patients and treatment

A total of 224 postmenopausal women with early-stage breast cancer were enrolled and
randomly assigned to receive a 2-week lead-in of abemaciclib plus anastrozole (7= 74),
abemaciclib monotherapy (/7= 76), or anastrozole monotherapy (/7= 74; Supplementary Fig.
S1A). One patient who was randomized did not receive treatment. In total, 97% of patients
completed cycle 1 (2 weeks of abemaciclib, anastrozole, or combination) and entered cycle
2, when all patients received abemaciclib plus anastrozole treatment for remainder of study
treatment (14 weeks). Among patients who started cycle 2, 85% of patients completed study
treatment (16 weeks) while 15% of patients discontinued study treatment for the following
reasons: AEs (n=15), patient decision (n=9), disease progression (n=15), and other (n=
3). In addition, 23% of patients entered the extension period and received 8 additional weeks
of study treatment. After treatment discontinuation, 85% of the intent-to-treat (ITT)
population underwent definitive surgery.

Demographic and baseline characteristics were balanced across treatment arms (Table 1).
The overall median age was 64 years (range, 42-92 years). The majority of patients had
invasive ductal carcinoma (65%) and 17% had PR-negative tumors. The median tumor size
was 3 cm with 18% of patients with tumor size <2 cm, 57% with =2 cm and <5 cm, 25%
with =5 cm.

Percentage change in Ki67 expression

The primary endpoint of the study was to compare the percent change in Ki67 expression
from baseline to 2 weeks between the combination of abemaciclib plus anastrozole or
abemaciclib alone to anastrozole alone. Of the 224 ITT patients, baseline tumor Ki67
expression was available for 208 (93%) with Ki67 =5% in 195 (87%) of the tumors.

Ki67 expression was assessed at baseline and after 2 weeks of treatment in tumors from 75%
of patients including 80% in the combination arm, 69% in the abemaciclib arm, and 76% in
the anastrozole arm (Fig. 1A; Supplementary Table S1). Ki67 expression decreased by a

Clin Cancer Res. Author manuscript; available in PMC 2020 September 17.
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geometric mean change of —93% [90% confidence interval (CI), =95 to —90] in the
combination arm, —91% (90% ClI, —93 to —87) in the abemaciclib arm, and -63% (90% ClI,
—73 to —49) in the anastrozole alone arm (Fig. 1B). The geometric mean ratios for
abemaciclib plus anastrozole versus anastrozole were 0.2 (90% Cl, 0.1-0.3; £< 0.001) and
0.3 (90% CI, 0.2-0.4; P< 0.001) for abemaciclib versus anastrozole. In total, 47% of tumors
demonstrated CCCA, achieved by more patients in the abemaciclib plus anastrozole arm
(68%) and abemaciclib arm (58%) compared with the anastrozole arm (14%; Fig. 1C). The
differences between the abemaciclib-containing arms and the anastrozole monotherapy arm
were statistically significant with an odds ratio for the combination therapy versus
anastrozole of 13 (90% Cl, 5-31; £< 0.001) and for abemaciclib versus anastrozole at 8
(90% CI, 3-20; P< 0.001). These data support the mechanism of action for abemaciclib as a
potent cell-cycle inhibitor administered in HR*/HER2™ early-stage breast cancer.

Clinical response, radiologic response, and pCR

Safety

Secondary objectives of the study assessed clinical, radiologic, and pathologic response
from baseline to 16 weeks of therapy. Caliper response at EOT was available for 71% of
patients. At the completion of study treatment, a total of 8% of patients achieved CR and
46% a partial response (PR) for an overall response rate (ORR) of 54% in the ITT
population (Supplementary Fig. S1B).

Radiologic assessments at EOT, using the same method used at baseline, were available for
79% of patients. The radiologic ORR was 46% in the ITT population with 5% of patients
having a CR and 42% a PR (Supplementary Fig. S1C).

Of the 190 patients who underwent surgery at EOT, 4% of patients had no evidence of
invasive disease in the breast and axillary lymph nodes (Supplementary Fig. S1D).

Safety and tolerability were evaluated as a secondary objective. Overall, the majority of
patients (96%) experienced at least 1 treatment-emergent adverse event (TEAE) during the
study (Table 2). The most frequent TEAEs (=20% of patients) included diarrhea,
constipation, nausea, fatigue, abdominal pain, decreased appetite, and neutropenia. Grade 3
TEAES were reported in 36% of patients. Grade 3 TEAES reported in 25% of patients
included neutropenia (9%) and increased alanine aminotransferase (ALT; 5%). Grade 4
TEAESs were reported for 2% of patients and included ALT elevation (1%), leukopenia
(0.4%), and aspartate aminotransferase (AST) elevation (0.4%).

This study also evaluated incorporation of prophylactic antidiarrheal therapy into the
abemaciclib regimen. Patients received loperamide prophylactically with each abemaciclib
dose for the first 28 days and then at the investigator’s discretion. Any grade diarrhea
occurred in 61% of patients including 5% of patients with grade 3 diarrhea. All grades of
constipation were observed in 44% of patients, with grade 3 events in 2% of patients. No
grade >4 events were observed.

Clin Cancer Res. Author manuscript; available in PMC 2020 September 17.
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Pharmacodynamic effects of treatment and cell-cycle gene expression

To evaluate the modulation of CCAGs as a result of treatment with abemaciclib, anastrozole,
and combination therapy, exploratory analyses with MODAplex technology for quantitative
mRNA analysis were performed on available RNA extracted from FFPE tumor biopsies.
Treatment with abemaciclib alone or in combination with anastrozole led to a statistically
significant decrease in expression of FOXMI1 (P< 0.001; A< 0.001), RRM2 (P< 0.001; P<
0.001), CCNEL1 (P=0.04; P=0.001), MKI67 (P< 0.001; P<0.001), and TOPO2A (P<
0.001; £<0.001) from baseline to 2 weeks when compared with treatment with anastrozole
alone (Fig. 1D). Treatment with anastrozole alone resulted in decreased gene expression but
not to the extent of abemaciclib alone or in combination at 2 weeks. By EOT, the difference
in expression of these genes across treatment groups converged after all patients received
combination treatment for 14 weeks. These exploratory data demonstrate that abemaciclib’s
cell-cycle inhibition correlated with an antiproliferative effect on cancer cells.

Next, we evaluated the effect of adding abemaciclib to anastrozole (only)-treated tumors (n
= 14) that did not achieve CCCA at 2 weeks (anastrozole-resistant: Ki67 >7.4% at 2 weeks;
Supplementary Fig. S2A and S2B). MODAplex mRNA analysis available for a small subset
of these tumor samples (/7= 8) showed that anastrozole-resistant tumors displayed
numerically higher expression of FOXM1, RRMZ, CCNE1, MKI67, TOPOZA, and E2F1 at
2 weeks compared with anastrozole-sensitive tumors, although this was not statistically
significant (P> 0.05; Fig. 1E). The addition of abemaciclib to anastrozole-resistant tumors
at 2 weeks led to CCCA in a majority (64%) of tumors, with a subsequent decrease in
expression of the CCAGs at EOT in tumors with available MODAplex data (Fig. 1E;
Supplementary Fig. S2A and S2B). The anastrozole-resistant tumors not achieving CCCA
despite the addition of abemaciclib to anastrozole displayed higher levels of CCAGs at 2
weeks and EOT compared with sensitive tumors (Fig. 1E), suggesting a lack of cell cycle
inhibition and intrinsic resistance to abemaciclib and anastrozole.

Finally, we explored expression of the CCAGs by MODAplex in the intrinsically resistant
tumors (Ki67 =7.4% at 2 weeks and EOT regardless of 2-week lead in; Supplementary Fig.
S2C and S2D). Intrinsically resistant subgroups displayed persistently high levels of Ki67 at
2 weeks and EOT regardless of treatment compared to sensitive subgroups (Ki67 <2.7% at 2
weeks and EOT,; Supplementary Fig. S2C and S2D). Moreover, intrinsically resistant
subgroups displayed higher levels of CCAG at 2 weeks and EOT than sensitive subgroups,
consistent with lack of cell-cycle inhibition (Fig. 1F). These findings suggest early changes
in gene expression may predict response to therapy between intrinsically resistant and
sensitive tumor samples.

Response by baseline clinical, pathologic, and molecular characteristics

To explore the potential association between treatment-induced pharmacodynamic effects
and baseline characteristics, clinical, pathologic, and molecular characteristics were
assessed. Subgroup analyses did not demonstrate significant association between the
abemaciclib-driven change in Ki67 expression at 2 weeks in any of the clinical, pathologic,
and molecular subgroups (Table 3; Supplementary Fig. S3A). For the small subset of
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samples for which molecular subtyping was performed, we observed CCCA in both luminal
B and luminal A tumors (Table 3).

In patients with Ki67 analysis available at EOT (Supplementary Fig. S3B), the decrease in
Ki67 expression from baseline to EOT was similar regardless of the initial 2 weeks of
therapy (Supplementary Fig. S3C) and a similar rate of CCCA was observed at EOT across
all arms (Supplementary Fig. S3D). To determine the extent to which abemaciclib-
containing treatment suppresses tumor cell proliferation in high grade tumors, we examined
Ki67 expression at baseline, 2 weeks, and EOT as a function of tumor grade (7= 138).
Pathologic grade 2 and grade 3 tumors exhibited higher baseline Ki67 and most tumors,
regardless of grade or baseline Ki67 expression, showed a reduction in Ki67 with treatment
at 2 weeks, with a larger reduction observed in the abemaciclib-containing treatment arms
compared to anastrozole alone (Fig. 2A; Supplementary Table S2).

PIK3CA mutation status was evaluable for 122 tumors; 36% of tumors harbored a P/IK3CA-
activating mutation (Supplementary Table S1). There were more P/IK3CA mutant tumors in
the combination arm (32%) than in the abemaciclib (19%) and anastrozole (27%) arms. The
presence of a PIK3CA mutation had no significant effect on Ki67 expression change from
baseline to 2 weeks, including the rate of CCCA in response to abemaciclib alone (P =
0.570) or in combination compared to anastrozole (P= 0.216; Table 3; Fig. 2B).

Deregulation of the Rb pathway and the expression of cyclin E1 (CCNEI) have been
described as mediators of response to CDK4/6 inhibitors (21, 28, 29). Therefore, we
analyzed the mRNA expression of #B1and CCNEI, as well as a gene expression signature
of Rb loss-of-function (30) from available RNA sequencing of baseline tumors (Fig. 2C-E).
Tumors were categorized by the 2-week Ki67 as sensitive (Ki67 <2.7%) or resistant (Ki67
>7.4%), whereas tumors in the intermediate category (Ki67 >2.7% and <7.4%) were
excluded from this analysis (18, 25, 27). Low expression of 81 mRNA was associated with
tumors resistant to abemaciclib monotherapy (Fig. 2C). In this limited sample size, this
association was not observed with response to anastrozole or the combination therapy,
consistent with Rb being the primary target of the CDK4/6 mechanism of action. Resistant
tumors displayed numerically higher expression of CCNEI and Rb loss-of-function score
than sensitive tumors, although this was not statistically significant (Fig. 2D and E). In
addition, anastrozole-treated tumors that did not respond to the addition of abemaciclib and
intrinsically resistant tumors displayed numerically higher levels of CCNEI at 2 weeks and
EOT compared with tumors that responded to combination therapy (Fig. 1E and F). Given
the role of CCNE1 in inducing E2F transcription factor and cell proliferation, these data
support a mechanism of resistance to ET and CDK4/6 inhibitors, as described previously
(31-33).

Impact of treatment discontinuation on Ki67 expression

To evaluate the potential relevance of treatment discontinuation on cell proliferation, we
conducted an exploratory analysis assessing patients (7= 32) with tumors that achieved
CCCA at 2 weeks irrespective of the assigned treatment arm who subsequently were
documented as having stopped study treatment (both abemaciclib and anastrozole) prior to
the EOT biopsy. Among these 32 patients, 59% had discontinued for up to 4 days and 41%
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had discontinued treatment for more than 4 days (range: 5 to 25 days) before the EOT
biopsy. We observed when patients stopped study treatment for >4 days, the Ki67 rebounded
(Ki67 >2.7%) in 69% of the tumors compared with patients who remained on study
treatment (11%) or had stopped for 1 to 4 days (32%; Supplementary Fig. S3E and S3F)
prior to biopsy. Generally, the rebound in Ki67 expression also resulted in increased
expression of CCAGs (data not shown). Taken together, these data suggest that continued
treatment with a CDK4/6 inhibitor in combination with ET may be necessary to maintain
cell-cycle inhibition and antiproliferation of tumor cells.

Effect of abemaciclib on cell cycle and immune-related gene signatures

Recent studies have demonstrated the potential for CDK4/6 inhibitors to promote antitumor
immunity and intratumor immune inflammation (15, 16, 34). To further explore this
observation, we first examined whether study treatment had any effect on the presence of
tumor-infiltrating lymphocytes (TIL) in the tumor stroma (Supplementary Fig. S4).
Consistent with previous reports evaluating TILs in HR™ breast cancer (35), at baseline most
of the tumors (88%, in combination arm; 92%, in abemaciclib arm; 94%, in anastrozole arm)
had low TILs (0%—-10% lymphoid cells) while a small subset (<10%) of tumors had TILs in
the 10% to 40%, and >40% ranges. Treatment with abemaciclib, anastrozole, or abemaciclib
plus anastrozole had no effect on the percentage of stroma TILs either at 2 weeks
(Supplementary Fig. S4A) or 16 weeks (EOT; Supplementary Fig. S4B).

We next evaluated the early and late effects of abemaciclib, anastrozole, and the combination
in a subset of tumors (A= 114) for which whole transcriptome RNA-seq was available
(Supplementary Fig. S5A). Consistent with the known activity of CDK4/6 inhibitors and
antiestrogens to inhibit the cell cycle, E2F targets, G,—M checkpoint, and cell cycle-related
pathways were the most downregulated gene sets across all treatment arms at 2 weeks and at
EOT (Fig. 3A, highlighted example of E2F shown in Fig. 3B; Supplementary Fig. S5B).
Genes involved in the early and late estrogen response pathways were also significantly
downregulated in all treatment arms at 2 weeks and EOT (Fig. 3A and B). As previously
reported (16), treatment with the combination of abemaciclib plus anastrozole resulted in
upregulation of the allograft rejection, inflammatory response, and IFNg response Hallmark
gene sets at 2 weeks and EOT (Fig. 3A and C). Many other immune pathway gene sets were
also enriched, including the PD-1 pathway gene set, highlighting a potential increase in the
presence of activated T cells (Fig. 3C; Supplementary Fig. S5C). Although these changes
were consistent across early and late time points for the abemaciclib plus anastrozole
combination arm, inflammatory immune gene changes were not significantly changed for
those evaluable tumors treated with abemaciclib or anastrozole monotherapy during the 2-
week lead-in period (Fig. 3A).

Discussion

neoMONARCH met its primary endpoint of change in Ki67 expression by demonstrating a
greater decrease in expression of the tumor Ki67 levels after 2 weeks of abemaciclib alone
(=91%) or in combination with anastrozole (93%) compared with anastrozole alone (-63%).
These data corroborated the previously described /n vivo antiproliferative effect of
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abemaciclib (9) and are consistent with previous studies (26, 27). In contrast to studies in
metastatic breast cancer, we did not observe a synergistic effect on CCCA response with
combination treatment. It is possible that 2 weeks is not sufficient to see synergy with
combination treatment versus abemaciclib alone. Alternatively, abemaciclib alone can
potently inhibit cell-cycle progression resulting in CCCA, and because Ki67 is already
suppressed we are not able to observe this synergistic effect by measuring Ki67 expression.
Subgroup analysis of the percent change in Ki67 from baseline to 2 weeks of treatment
showed that abemaciclib alone or in combination with anastrozole benefitted all groups of
HR*/HER2™ breast tumors including those exhibiting persistent tumor proliferation with ET
alone, including high-grade and luminal B tumors.

Treatment with abemaciclib led to potent cell-cycle arrest in patients with HR*/HER2™ early
breast cancer. Complete cell-cycle arrest was achieved in most patients after 2 weeks of
treatment with abemaciclib either alone or in combination with anastrozole as compared
with anastrozole alone, supporting the notion that a cell-cycle inhibitor such as a CDK4/6
inhibitor is important in potent cell-cycle arrest and antitumor activity in HR*/HER2™ breast
cancer. Ki67 and gene expression analysis identified tumors that may benefit most from
abemaciclib plus anastrozole. In this study, baseline expression of CCAGs including CCNE1
did not predict response to treatment; however, early changes in CCAG expression from
baseline to 2 weeks correlated with Ki67 response. Therefore, gene expression assessment
before and on-treatment could potentially be utilized to identify and select patients who may
derive the most benefit from the addition of a CDK4/6 inhibitor to ET.

This study adds further credence for continued treatment with a CDK4/6 inhibitor to
maintain cell-cycle inhibition. Among patients with CCCA response at 2 weeks, Ki67
expression rebounded at EOT mainly in patients who discontinued abemaciclib and
anastrozole for more than 4 days prior to the EOT biopsy. In contrast, the majority of
patients who remained on abemaciclib and anastrozole on the day of biopsy did not exhibit a
rebound in Ki67. Three patients’ tumors, however, demonstrated a numerical increase in
EOT Ki67 (Ki67: 34%—0.1%—12%; Ki67: 29%—>2%—3%; Ki67: 13%—3%—>4%)
despite remaining on study treatment on the day of biopsy. The mechanism and clinical
significance of this increase is unclear but the possibility of acquired resistance between 2
and 16 weeks of therapy cannot be excluded. The observation of Ki67 rebound upon
discontinuation of a CDK4/6 inhibitor is in line with previously reported data from the
neoadjuvant study of palbociclib (NeoPalAna), showing the antiproliferative effect measured
by Ki67 decrease was reversible after patients stopped palbociclib treatment but continued
ET until surgery (27). In aggregate, these data suggest that continuous CDK4/6 inhibition is
important in maintaining antiproliferative effects in cancer cells.

Analyses of gene expression changes after therapy confirmed the ability of abemaciclib,
anastrozole, and the combination to down-regulate genes associated with cell cycle and
estrogen signaling. We did not detect any histologic changes in the evaluation of TILs in
tumors across treatment arms after 2 or 16 weeks of treatment. However, interrogation of
gene expression using RNA-seq in a limited dataset revealed an upregulation of
inflammatory and T cell-related pathways following abemaciclib plus anastrozole treatment.
The effects on these pathways (PD-1 signaling, IFNvy, and allograft rejection) are similar to

Clin Cancer Res. Author manuscript; available in PMC 2020 September 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hurvitz et al.

Page 12

those previously reported (15, 16, 27). It is unclear why 2 weeks of abemaciclib or
anastrozole monotherapy followed by 14 weeks of combination therapy did not demonstrate
the same effects at EOT as the combination arm since all patients received 14 weeks of
abemaciclib plus anastrozole. Further study is needed to explore this observation, as well as
the effect of sequencing of therapy with CDK4/6 inhibitors and ET. The observation that
treatment did not increase stroma TILs despite enhancement of the immune response genes
suggests abemaciclib plus anastrozole treatment may lead to increased immune activation in
the tumor immune environment through activation of available TILs rather than through TIL
proliferation. These clinical data are consistent with the immune-modulating potential of
abemaciclib plus anastrozole previously described preclinically in /n vitroand in vivo (15,
16). Given the limited sample size available from the current exploratory biomarker
analyses, these data should be interpreted with caution, and further studies are warranted to
confirm the translational biomarker observations.

This study demonstrated a pCR of 4% (7/190) in the breast and lymph nodes with
abemaciclib plus anastrozole in the neoadjuvant setting (26, 27, 36). PALLET, a large
randomized trial (A= 307) of palbociclib in the neoadjuvant setting, reported a pCR rate of
3% in the breast with any nodal status and 1% in the breast and nodes (26) while a pCR rate
of 0% was reported in NeoPalAna (27). One limitation of studies like these is the short
treatment duration. Although 4 to 6 months is the typical duration for neoadjuvant therapy,
there is a general consensus that neoadjuvant treatment less than 6 months is insufficient to
reach maximal tumor response with ET-based regimens. In addition, there is a lack of long-
term follow-up for survival outcome data to correlate with the 2-week Ki67 response.
Nevertheless, the encouraging role of CDK4/6 inhibitors in combination with ET provided
support for a number of global phase 111 studies evaluating the combination of a CDK4/6
inhibitor with standard of care ET in patients with early-stage HR*/HER2™ breast cancer
(NCT02513394, NCT03155997, NCT03701334).

The overall safety profile observed in neoMONARCH was consistent with abemaciclib
clinical trials conducted in the metastatic setting. No new safety signals were observed, with
the exception of a higher incidence of constipation, consistent with the use of scheduled
prophylactic loperamide for at least 28 days. Although liver enzyme AEs (increased ALT or
AST) were reported, most were of low grade and none of these patients showed concurrent
increase of total bilirubin. The incidence of neutropenia AEs in neoMonarch was lower than
the incidence reported in patients with metastatic BC in MONARCH 3 (14). This may
simply be due to differences in early-stage disease versus metastatic disease, or potentially
due to different regenerating capacities of the bone marrow in patients with metastatic
disease who have received prior adjuvant chemotherapy, compared with patients with early
stage disease who are treatment naive.

In summary, neoMONARCH demonstrated a positive benefit-risk profile for abemaciclib in
combination with anastrozole in patients with HR*/HER2™ early-stage breast cancer,
demonstrating biological and clinical activity in a variety of breast cancer subtypes including
high-grade, high proliferating tumors. Treatment with the combination of abemaciclib plus
anastrozole resulted in upregulation of several immune-related gene sets. Further studies are
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warranted to evaluate the potential of abemaciclib and ET in early-stage breast cancer and in
combination with immune therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Endocrine therapy (ET) in combination with CDK4 and CDKG® inhibitors has improved
outcomes in patients with hormone receptor—positive (HR*), HER2™ advanced breast
cancer. Abemaciclib is a selective CDK4 and CDKG® inhibitor approved for treatment of
patients with HR*/HER2™ advanced or metastatic breast cancer. neoMONARCH
evaluated the biological effect of neoadjuvant administration of abemaciclib in
combination with ET in patients with early-stage breast cancer. Abemaciclib, alone and
in combination with anastrozole, led to potent inhibition of cell-cycle progression
measured by Ki67 expression. Gene expression analyses at early and late time points
demonstrated a down-regulation of cell cycle—associated genes and an upregulation of
genes related to immune response. Combination therapy maintained inhibition of cell
proliferation and led to activation of T-cell immune response. Gene expression analyses
of treatment-resistant or -sensitive tumors defined by Ki67 expression may help identify
gene signatures for CDK4 and 6 treatment sensitivity.
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Figure 1.
Antiproliferative effects of abemaciclib, anastrozole (ANZ), and combination therapy on HR

*/HER2™ breast cancer. A, Individual paired Ki67 expression at baseline and 2 weeks after
treatment with abemaciclib + ANZ, abemaciclib, and anastrozole. B, Geometric mean
percentage suppression of Ki67 from baseline to 2 weeks by treatment arms. P values are
based on a one-sided hypothesis test from a linear model with treatment, progesterone
receptor status (positive vs. negative/unknown), and tumor size (<2 cm vs. =22 cm and <5 cm
vs. =5 cm) as fixed effects. C, Mean percentage rate of response as determined by complete
cell-cycle arrest (CCCA, Ki76 <2.7) at week 2 by treatment arms. P value is calculated by
Fisher exact test of a 1-sided hypothesis. D, Gene expression by MODAplex mRNA assay of
cell cycle—associated genes at 2 weeks and EOT. Pvalue compared abemaciclib-containing
treatment arms versus anastrozole. E, CCAGs between resistant versus sensitive subgroups.
All patients received anastrozole therapy for the 2 weeks of initial treatment, and then
abemaciclib + anastrozole to the EOT. Plots show the expression of selected genes. Pairwise
Pvalues compare, respectively, the mean gene expression between (1/2/3): 1, abemaciclib +
anastrozole-sensitive versus anastrozole-sensitive; 2, abemaciclib + anastrozole-sensitive
versus abemaciclib + anastrozole-resistant; 3, anastrozole-sensitive versus abemaciclib +
anastrozole-resistant. Baseline samples were pooled. F, CCAGs between intrinsically
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resistant versus sensitive tumor samples. Tumors were classified by posttreatment Ki67
expression as intrinsically resistant (Ki67 =7.4 at 2 weeks and EOT) or sensitive (Ki67
<2.7% at 2 weeks and EOT) to therapy regardless of initial 2 weeks of treatment. Baseline
samples were pooled. Abbreviations: BL, baseline; 7, tumor specimens; ns, nonsignificant
(P>0.05); *, P<0.05; **, P<0.01; ***, P<0.001; wks, weeks.
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Figure 2.
Ki67 expression and response by baseline tumor grade, P/K3CA mutation status, and gene

expression analysis. A, Changes in Ki67 expression classified by baseline tumor grade.
apatient off treatment at EOT assessment. B, Changes in Ki67 expression classified by
PIK3CA mutation status. C—-E, RNA sequencing of baseline tumors: relative gene
expression of #B1 (C) and CCNEI (D) are reported in log, (mean exon reads) scale; gene
expression signature of Rb loss-of-function (E) is reported as RBsig score. Tumors were
classified by treatment response at 2 weeks, defined by posttreatment Ki67 expression.
Sensitive samples were defined as Ki67 <2.7% and resistant samples as Ki67 =7.4%.
Abbreviations: ANZ, anastrozole; BL, baseline; CCNEL, Cyclin E1; GMR, geometric mean
ratios; RB, retinoblastoma; RBsig, Rb-loss-of-function gene expression signature; wks,
weeks.
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Figure 3.
Combined treatment with abemaciclib and anastrozole (ANZ) downregulates cell-cycle

processes and estrogen signaling and upregulates immune-response gene expression in HR*/
HER2™ early-stage breast cancer. A, Topmost enriched GSEA pathways across treatment
arms and timepoints. *Nonsignificant effect. B, Heatmap of core-enriched genes in cell
cycle-related and estrogen signaling gene sets. C, Heatmap of core-enriched genes in
immune-related gene sets. Genes that were significantly differentially expressed across
treatment arms and time points are shown in B and C. Abbreviations: wk, week. 32 weeks of
initial therapy with abemaciclib followed by 14 weeks with combination therapy; 2 weeks
of initial therapy with anastrozole followed by 14 weeks with combination therapy; €2 weeks
of initial therapy with abemaciclib + anastrozole followed by 14 weeks with combination
therapy.
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