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ABSTRACT

Breast cancer is the most common neoplasma affecting women. Over, the past few years, the
incidence of breast cancer has significantly increased, including among young women.
Hormone receptor-positive (HR+) Her2 negative (HER2-) early stage breast cancer can be
successfully treated using the currently available treatment methods based on endocrine
theraphy (ET). However, if we consider early stage breast cancer with high risk of recurrence
or metastatic disease, endocrine therapy alone may be insufficient. Unfortunately, resistance
to drugs is observed in both adjuvant and palliative endocrine therapy, therefore there is a
need for new treatments that are both effective and less toxic than conventional chemotherapy.
One of the most successful applications of this strategy has been the use of cyclin-dependent
kinase (CDK) 4 and 6 inhibitors alongside endocrine therapy significantly enhance its
effectiveness. This combination has been shown to substantially increase progression-free
survival while maintaining relatively low levels of toxicity. One of them is abemaciclib,
whose efficacy will be shown in this research work.

Current state of knowledge: Abemaciclib, a cyclin-dependent kinase (CDK) 4/6 inhibitor, is
part of a new class of drugs that halt the proliferation of cancer cells by blocking cell cycle
progression. When used as an adjuvant treatment with endocrine therapy (either tamoxifen or
an aromatase inhibitor, with or without goserelin in premenopausal women), abemaciclib has
shown significant improvement in invasive disease-free survival and distant relapse-free
survival for patients with hormone receptor-positive, HER2-negative, node-positive, early
breast cancer at high risk of recurrence.

Materials and methods: The review was based on the analysis of materials collected in the
,,Pubmed”, and other scientific articles.

Conclusion: A literature review has shown evidence that abemaciclib is effective in
prolonging progression free survival in metastatic disease and as an adjuvant treatment for
early breast cancer,reducing the risk of disease recurrence.

Keywords: abemaciclib, breast cancer, endocrine theraphy, CKD 4/6 inhibitor

INTRODUCTION:

Breast cancer is the most frequently diagnosed cancer in women and the second
leading cause of cancer-related death among women globally !. The breasts are paired glands
that vary in size and density, located just above the pectoralis major muscle?. They consist of
milk-producing cells organized into lobules, which cluster into lobes interspersed with fat®.
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Breast cancer typically originates in the ductal epithelium (known as ductal carcinoma)
but can also develop in the lobules (known as lobular carcinoma) 4. Numerous risk factors for
breast cancer have been identified®>. In Western countries, screening programs have
successfully detected most breast cancers early, through routine screenings rather than
symptoms®. Conversely, in many developing countries, a breast lump or abnormal nipple
discharge often serves as the initial symptom’. Breast cancer diagnosis involves physical
examination, breast imaging, and tissue biopsy®. Treatment options include surgery,
chemotherapy, radiation, hormonal therapy, and more recently, immunotherapy®’.
Individualized treatment decisions are based on factors such as histology, stage, tumor
markers, and genetic abnormalities'®. Developing effective systemic therapies for treating
advanced breast cancer and reducing the risk of recurrence or metastasis in early-stage breast
cancer continues to be a significant challenge!!.

Consideration of abemaciclib in combination with hormone therapy should begin with
the study of three major MONARCH clinical trials.

MONARCH 1

MONARCH 1 was a phase 2, multicenter, open-label study involving patients with
t'2. The study included 132 women
who had progressed during hormone therapy and had received 1 or 2 chemotherapy regimens
(on average 3) due to distant metastases (>90% had visceral disease, and >50% had at least 3
metastatic sites) '3. Participants received 200 mg of abemaciclib every 12 hours continuously
until disease progression or intolerable side effects (mainly diarrhea — 90.2%, fatigue — 65.9%,
nausea — 64%, and less frequently grade 3 or 4 neutropenia — 22.0%)'*. Therapy was

HR+/HER2- metastatic breast cancer resistant to treatmen

discontinued in 7.6% of patients due to adverse events'>. For the remaining women,
observation lasted 12 months, and the results were very promising'®. The following aspects
were considered: the primary endpoint — objective response rate (ORR); additional
observations included clinical benefit rate, progression-free survival (PFS), and overall
survival (OS) 7. The results were as follows: ORR was 19.7%; the clinical benefit rate was
42.4%, median PFS was 6.0 months, and median OS was 17.7 months'®.This study shed new
light on methods for treating advanced HR+/HER2- breast cancer due to its promising results
and acceptable safety profile'?. As a result, abemaciclib could be considered a new therapeutic
option for patients, particularly those with advanced disease who have already undergone
multiple lines of treatment'*.

Due to the favorable results of MONARCH 1, another clinical trial named

MONARCH 2 was conducted in subsequent years.

MONARCH 2

It involved patients with advanced HR+/HER2- breast cancer who had progressed
during endocrine therapy'*. Exclusion criteria included prior use of CDK4/6 inhibitors,
chemotherapy in the metastatic setting, and other severe comorbidities 7. This study
examined the efficacy and safety of abemaciclib in combination with fulvestrant compared to
fulvestrant alone'8. It was a global, double-blind phase III trial'>. Patients were divided into
two groups in a 2:1 ratio. The first group included 446 women receiving abemaciclib plus
fulvestrant, and the second group had 223 women receiving placebo plus fulvestrant!®. The



drug doses used in the study were abemaciclib 150 mg twice daily and fulvestrant 500 mg as
per the label 3.

The study lasted from August 2014 to December 2015%°. Patients were monitored with
imaging studies every 8 weeks for the first 18 months and then every 12 weeks?!. The primary
endpoint was progression-free survival, while secondary endpoints included overall survival,
objective response rate, safety, and tolerability'?. Adverse events were also monitored
throughout the study period??.

The study results are as follows: The median progression-free survival for abemaciclib
plus fulvestrant was 16.4 months'*. The median progression-free survival for placebo plus
fulvestrant was 9.3 months'’. Kaplan-Meier analysis showed that the risk of disease
progression or death was reduced by 45% with abemaciclib plus fulvestrant?’. Overall
survival was not fully determined, but the collected data suggested a benefit from abemaciclib
plus fulvestrant'®. The objective response rate was significantly higher in the abemaciclib plus
fulvestrant group (48.1%) compared to the placebo plus fulvestrant group (21.3%)"°.

The most common adverse events included diarrhea (86.4%), neutropenia (46.0%),
nausea (45.1%), and fatigue (39.9%)'3. However, the safety profile was acceptable?. Despite
the side effects, the quality of life for the patients remained at a good level, according to the
results of questionnaires completed by the study participants®!.

Based on the results of the MONARCH 2 study, it can be concluded that the
combination of abemaciclib with fulvestrant in the treatment of women with HR+ HER2-
breast cancer who have progressed during hormone therapy provides significant benefits
while maintaining quality of life and safety!'4. This offers new treatment possibilities for this
group of patients'®.

The MONARCH 3 trial was a significant Phase III randomized, double-blind,
placebo-controlled study'®. A total of 493 patients were enrolled, with a 2:1 randomization
ratio'*. In the first group (328 patients), participants received abemaciclib 150 mg twice daily
in combination with a non-steroidal aromatase inhibitor (1 mg of anastrozole or 2.5 mg of
letrozole daily) '°. The second group (165 patients) received placebo in combination with the
same dose of non-steroidal aromatase inhibitor !°. Eligible patients were women aged > 18
years, postmenopausal, histologically confirmed to have advanced hormone receptor-positive
(HR+) and HER2-negative breast cancer, with measurable disease per RECIST 1.1 or
measurable bone disease with at least one solid lesion per RECIST 1.1 criteria'”. Patients who
had not received prior systemic therapy for advanced breast cancer were included, and those
with asymptomatic brain metastases controlled for at least 4 weeks before randomization were
eligible'. Key exclusion criteria included prior treatment with CDK4/6 or mTOR inhibitors,
Eastern Cooperative Oncology Group Performance Status > 2, uncontrolled infection,
inflammatory bowel disease, or diarrhea-prone conditions?*.

The primary endpoint of the study was investigator-assessed progression-free survival
(PFS)'4. Secondary endpoints included objective response rate, duration of response, overall
survival, safety, time to recurrence, and quality of life!”. Randomization was stratified by
disease location (bone-only metastases vs. bone with or without other sites vs. other), prior

therapy (aromatase inhibitors vs. none), and prior adjuvant/neoadjuvant chemotherapy (yes vs.
no) '8,



The aim of the study was to compare the efficacy of abemaciclib in combination with
aromatase inhibitors versus aromatase inhibitors alone using a log-rank stratified test based on
key stratification variables®,

The cumulative proportion of patients without disease progression was estimated using the
Kaplan-Meier method!. The study planned for one interim analysis (after 189 PFS events)
and one final analysis (after 240 PFS events) '3.

The safety analysis included all patients who received at least one dose of
abemaciclib!®, The MONARCH 3 study confirmed the superiority of abemaciclib therapy
over aromatase inhibitors alone'*. Here are the results:

Progression-free survival was 28.18 months vs. 14.76 months (placebo group)'°.

Objective response rate was 61.0% vs. 45.5% (placebo group) 2>.

Median duration of response was 27.39 vs. 17.46 months (placebo group) !".
Abemaciclib demonstrated an acceptable safety profile consistent with previous studies'®. The
main adverse events were diarrhea, neutropenia, and leukopenia*,

These results confirm that using abemaciclib as initial therapy in this patient population is
beneficial?!. It provides a new therapeutic option with the potential to improve treatment
outcomes '8,

Another study testing the efficacy of abemaciclib, this time in adjuvant treatment for

early HR+, HER2— breast cancer with high risk of recurrence, was the MonarchE trial?®.

THE MonarchE

The efficacy and safety of abemaciclib in treating advanced breast cancer have
prompted its investigation for use in adjuvant therapy'#. While many patients with early breast
cancer can be effectively treated with current methods—surgery, radiotherapy, chemotherapy,
and hormonal therapy—approximately 30% are at higher risk of recurrence within the first
five years, necessitating more intensive treatment?’.

Early recurrences often stem from resistance to hormonal therapy?®. The MonarchE
trial, a phase III randomized study sponsored by Eli Lilly, evaluated abemaciclib in
combination with standard adjuvant hormonal therapy in patients with HR+, HER2—, lymph
node-positive early breast cancer at high risk of recurrence?¢. High risk was defined as having
four or more positive axillary lymph nodes, or one to three positive nodes along with specific
criteria such as tumor size > 5 cm, histologic grade 3, or high Ki-67 > 20%!. Participants
were eligible regardless of prior chemotherapy but could not have advanced metastatic
disease or inflammatory breast cancer, nor could they be free of lymph node metastases?’.

Patients were randomly assigned to receive either abemaciclib (150 mg twice daily)
with endocrine theraphy or endocrine therapy alone?®. Factors considered included prior
chemotherapy, menopausal status at breast cancer diagnosis, and geographic region't.
Treatment duration was set at 2 years or until discontinuation criteria (recurrence, distant
metastases, or unacceptable toxicity) were met!®. Following this period, all patients continued
hormonal therapy for 5 to 10 years based on clinical recommendations?’.

The primary endpoint was invasive disease-free survival (IDFS), measured from
randomization to the first occurrence of local/regional invasive disease recurrence, distant
recurrence, death from any cause, contralateral invasive breast cancer, or second primary
nonbreast invasive cancer?®. Secondary endpoints included distant relapse-free survival



(DRFS), defined as the time from randomization to distant recurrence or death from any
cause?®,

Patients were closely monitored for signs of recurrence at each visit, and switching
between treatment groups was not permitted at any point during the trial'®.

With 323 invasive disease-free survival (IDFS) events observed during the second
interim analysis, the two-sided p-value boundary for demonstrating positive efficacy was set
at .026%. By the data cutoff, there were 136 events (4.8%) in the abemaciclib arm and 187
events (6.6%) in the control arm!. Abemaciclib combined with endocrine therapy (ET)
showed a statistically significant improvement in IDFS compared to ET alone (p = .01; hazard
ratio [HR] 0.75; 95% confidence interval [CI] 0.60 to 0.93), with 2-year IDFS rates of 92.2%
in the abemaciclib arm versus 88.7% in the control arm (Figure 2) '3. The majority of IDFS
events were distant recurrences (87 in the abemaciclib arm and 138 in the control arm; see
Table 2) '4. Additionally, the addition of abemaciclib resulted in improved distant relapse-free
survival (DRFS) compared to ET alone (nominal p = .01; HR 0.72; 95% CI 0.56 to 0.92),
with 2-year DRFS rates of 93.6% and 90.3% in the abemaciclib and control arms,
respectively!®. In the case of distant metastases, the disease became incurable. The most
important thing then was to choose a treatment that would prolong survival while maintaining
an appropriate quality of life?>. The most common sites of distant recurrence were bone, liver,
and lung?’.

A total of 5,141 patients reported experiencing at least one treatment-emergent adverse
event (AE), with higher frequencies observed in the abemaciclib arm (97.9%) compared to the
control arm (86.1%)?. The most common AEs in the abemaciclib arm were diarrhea,
neutropenia, and fatigue, whereas arthralgia, hot flush, and fatigue were more prevalent in the
control arm (Table 3) !°. Venous thromboembolic events (VTEs) were noted in 2.3% of
patients receiving abemaciclib versus 0.5% in the control group, with pulmonary embolism
occurring in 0.9% versus 0.1%, respectively!®. Further details regarding VTEs can be found in
the Data Supplement'*. Interstitial lung disease (ILD) affected 2.7% of patients in the
abemaciclib arm (with 0.3% classified as grade 3), compared to 1.2% in the control arm'?,

Diarrhea occurred early, but it was short-lived and treatable with medication®. If the
diarrhea could not be controlled with medication, it was possible to reduce the drug dosage »°.
Interestingly, dose reduction of abemaciclib did not significantly reduce its effectiveness™.

In conclusion, adjuvant cyclin-dependent kinase (CDK) 4/6 inhibitor combined with
endocrine therapy demonstrated a clinically meaningful improvement in invasive disease-free
survival (IDFS) and distant relapse-free survival (DRFS) 26, These inhibitors now play an
important role in the treatment of patients with hormone receptor-positive, human epidermal
growth factor receptor 2-negative, node-positive, high-risk early breast cancer, with an
acceptable safety profile. The symptoms are reversible and can be managed by dose
reductions without compromising efficacy'4. Efficacy analyses by subgroups have confirmed
consistent abemaciclib benefit regardless of demographics, disease characteristics, and choice
of adjuvant endocrine therapy (tamoxifen or aromatase inhibitors) '°.

An article comparing the interactions and pharmacological characteristics of
abemaciclib in the therapy of HR+ and HER2- breast cancer, emphasizes the importance of
understanding the pharmacokinetic and pharmacodynamic profiles of abemaciclib, as well as
its interactions with other drugs, food, and alternative medical treatments®'. Among all



CDK4/6 kinase inhibitors, abemaciclib is notably the most frequently chosen first-line
treatment due to its efficacy in both metastatic and early breast cancer, particularly in patients
at high risk of recurrence post-treatment 2°. The most common administration method is oral,
at a dose of 150mg twice daily'®. In cases of severe adverse effects, the dose can be reduced to
100mg or even 50mg twice daily?>.

Regarding its pharmacodynamics, abemaciclib is described as the most potent
inhibitor among its class !°. Its mechanism involves phosphorylation and inhibition of the
retinoblastoma tumor suppressor protein, promoting cell cycle progression from GI to S
phase and stimulating cell proliferation®?. Its anti-tumor activity is attributed to ATP-
competitive reversible inhibition of CDK4 and CDK6, with IC50 values of 2 and 10 nM,
respectively®3. Additionally, it has secondary effects such as the ability to halt the cell cycle in
G2 phase, achieved through complex formation with CDK1-cyclin B and CDK2-cyclin A/E
complexes®*.

Moving to the pharmacokinetics, absorption of the drug occurs in the gastrointestinal
tract, where it subsequently enters the bloodstream via the portal system?. The average time
to reach peak serum concentration is 4 hours*®. Once in circulation, abemaciclib primarily
binds to albumin and alpha-1-acid glycoprotein®’. It can also penetrate the blood-brain barrier
through passive diffusion, achieving concentrations in the cerebrospinal fluid similar to those
in the unbound fraction in serum, which may be beneficial for patients with intracranial
metastases>®.

Abemaciclib undergoes hepatic metabolism primarily via the cytochrome P450
enzyme CYP3A43°. Approximately 97% of the drug is eliminated through the biliary route,
with minimal excretion (only 3%) via the kidneys*’. The half-life of the drug is 22.8 hours*!.

Next, we should consider the drug interactions, which, if present, can diminish its
efficacy or increase the risk of adverse effects. Understanding drug-drug interactions is crucial,
especially since oncology patients often take multiple medications concurrently, increasing
the risk of improper combinations*?. There are three main categories of interactions based on
severity:

e Significant: Clinically important interactions that should be avoided because the risks

outweigh the benefits*3.

e Moderate: Moderately clinically significant interactions, typically avoided but may

be used in special circumstances**.

e Minor: Clinically insignificant interactions®.

Abemaciclib is known to interact with 286 drugs, categorized as 28% significant, 72%
moderate, and 0% minor interactions 46. However, compared to other CDK4/6 inhibitors like
Palbociclib and Ribociclib, it exhibits the fewest adverse reactions when combined with other
drugs47.

When combining abemaciclib therapy with other drugs, particular attention should be
given to those metabolized by the CYP3A4 enzyme. Strong CYP3A4 inhibitors (e.g.,
ketoconazole) can significantly increase abemaciclib blood levels, thereby intensifying its
adverse effects48. On the other hand, moderate or weak inhibitors (e.g., verapamil, diltiazem)
have minimal impact on abemaciclib and typically do not require dose adjustments49.



It is advisable to avoid strong CYP3A4 inducers, such as certain antiepileptic drugs
(e.g., carbamazepine, phenytoin) and antibiotics (e.g., rifampicin), as they can decrease
abemaciclib blood levels, reducing its therapeutic efficacy>’.

Available data suggest that dose adjustment is not necessary for patients with mild to
moderate renal impairment51. However, there is limited information on patients with severe
renal impairment or those undergoing dialysis. Based on current knowledge, reducing the
abemaciclib dose may not be necessary, but caution is warranted in such cases52.

In summary, careful consideration of drug interactions involving CYP3A4 metabolism
and renal function is crucial when administering abemaciclib, ensuring optimal therapeutic
outcomes and minimizing potential adverse effects53.

It's also important to consider dietary supplements and herbs commonly used by
patients, often without supervision from a pharmacist or doctor. Popular supplements like St.
John's Wort or grapefruit juice can reduce CYP3A4 activity in the intestines, potentially
decreasing the absorption of abemaciclib and reducing its therapeutic efficacy54.

What's important is that abemaciclib does not enter clinically significant interactions
with anastrozole, fulvestrant, exemestane, letrozole, or tamoxifen, which are concurrently
used with the CDK 4/6 kinase inhibitor in women with HR+/HER2- breast cancer, with such
fruitful outcomes55.

In summary, the use of abemaciclib in the population is increasing due to promising
treatment outcomes. It is a drug with well-established pharmacological characteristics and a
low potential for interactions56. However, it's crucial to remember the key considerations
discussed above, particularly for clinical oncologists working with patients. Understanding
these factors ensures optimal treatment outcomes and minimizes risks associated with drug
interactions and supplement use57.

It's also worth considering the side effects of using abemaciclib, especially since it is
used for extended periods in breast cancer therapy. This is important both in terms of health
effects and the quality of life of patients. Based on clinical studies and the medicinal product
characteristics of Verzenios, the most frequently reported adverse reactions include diarrhea,
infections, neutropenia, anemia, fatigue, nausea, vomiting, and decreased appetite58.

Diarrhea was the most common side effect (84.6%), typically occurring around days
6-8 of starting abemaciclib therapy and often most severe during the first month. Loperamide
was used to manage this symptom, or the abemaciclib dose was adjusted59.

Neutropenia was noted frequently (45.1%), with severe (grade 3-4) neutrophil count
decreases in 28.2% of patients, necessitating dose adjustments that typically occurred over a
period of about 2 weeks. Febrile neutropenia occurred in 0.9% of patients60.

Increased liver enzyme activity, specifically ALT (15.1%) and AST (14.2%), was also
observed, with elevations typically seen within 57 to 61 days in laboratory tests and
normalization within about 14 days. Dose modifications were required for patients with grade
3-4 increases in AST and ALT61.

Due to side effects such as fatigue or dizziness, caution is advised for patients when
driving or operating machinery, although these effects may have minimal impact on their
ability to perform these activities62.

Another interesting aspect is the increase in creatinine levels observed in laboratory
tests during the first month of abemaciclib therapy, stabilizing thereafter and returning to



baseline upon treatment discontinuation. However, according to Verzenios' medicinal product
characteristics, there has been no evidence of a negative impact on kidney function so far.

Key renal function markers such as blood urea nitrogen, cystatin C, and glomerular
filtration rate calculated based on cystatin C concentrations remained within reference
ranges63.

Regarding fertility effects in humans, the impact is unknown. The medicinal product
characteristics of Verzenios state that animal studies have not shown an effect on female
reproductive organs.

Interestingly, there is information indicating a cytotoxic effect of abemaciclib on the
male reproductive system in rats and dogs, suggesting it may affect fertility in male
individuals64.

Conclusion:

In summary, clinical studies using abemaciclib have confirmed its significant effectiveness in
both preventing disease recurrence in early breast cancer and prolonging progression-free
survival in metastatic disease, while maintaining an acceptable side effect profile. The most
common side effect was diarrhea, which was typically easily managed with commonly
available medications. In cases of metastatic disease, this therapy did not significantly
diminish the patient's quality of life.

Two years of adjuvant abemaciclib therapy in early breast cancer positively impacts treatment
outcomes even after the completion of the two-year regimen.
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