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Abstract. Cyclin‑dependent kinase 4/6 (CDK 4/6) inhibi‑
tors have been a major addition to the treatment of hormone
receptor‑positive, human epidermal growth factor receptor
2 (HER2)‑negative breast cancer in the metastatic setting
and currently in the adjuvant setting with promising results.
However, rare yet potentially fatal side‑effects such as
interstitial lung disease (ILD)/pneumonitis has been linked
to the use of these drugs. The present study describes the
case of a female patient with locally advance hormone
receptor‑positive, HER2‑negative breast cancer who devel‑
oped abemaciclib‑induced pneumonitis in the adjuvant setting
(monarchE clinical trial). The patient was diagnosed based on
presenting with symptoms of cough and shortness of breath,
and by a computerized tomography scan after ruling out other
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causes. The patient exhibited the resolution of her symptoms
completely following the discontinuation of abemaciclib
treatment.
Introduction
Breast cancer is the most frequently diagnosed type of
cancer and the leading cause of cancer‑related mortality
among females globally (1). In general, three major biological
subtypes of breast cancer have been well‑defined, namely
hormonal receptor (HR)‑positive (HR+), human epidermal
growth factor receptor 2 (HER2)‑negative (HER2‑; luminal
A and B type), HER2‑postive and triple‑negative disease.
HR+/HER2‑ breast cancer cases represent between 65‑75%
of all breast tumors, and generally respond well to endocrine
therapy in both the adjuvant and metastatic setting (2). The acti‑
vation of cyclin‑dependent kinases (CDKs) enables cell cycle
progression, representing the hallmark of cancer pathological
development. The most important drivers of cell cycle prolif‑
eration are known to be CDK4/6 (3). Recently, the US Food
and Drug Administration, the European Medicine Agency and
the Saudi Food and Drug Administration (SFDA), approved
three highly selective inhibitors of CDK4/6 for (HR+/HER2‑)
advanced metastatic breast cancer, namely (palbociclib, ribo‑
ciclib and abemaciclib) (4‑12). The development and approval
of CDKs represent the most relevant advancement in the
therapeutic armamentarium and a major milestone in cancer
managements over the past decades (13). The addition of these
drugs to endocrine therapy has led to a profound improvement
of progression‑free and overall survival in both first‑ and
second‑line indications (14‑26).
In general, CDK4/6 inhibitors are well‑tolerated and the
associated side‑effects are easily manageable by early detec‑
tion, the education of patients, dose reduction and supportive
care measures. The most common adverse reactions and hema‑
tological toxicities, such as neutropenia are most commonly
observed with the use of palbociclib and ribociclib, as opposed
to the use of abemaciclib. Ribociclib may cause hepatic toxicity
and the prolongation of the QT interval more frequently than
other drugs. Abemaciclib is associated with a high prevalence
of diarrhea and fatigue in comparison to palbociclib and
ribociclib. Hepatotoxicity has also been reported with the use
of this molecule, and venous thromboembolic events have
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been reported with the use of abemaciclib compared with the
placebo in both the MONARCH2 and MONARCH3 trials
(5 vs. 0.9%). In addition, increased serum creatinine levels
have been reported as a result of the inhibition of several
tubular secretion transporters. All three CDKs inhibitors are
subjected to interactions with other drugs that are metabo‑
lized by or affect the cytochrome P450 (CYP) pathways. For
all three agents, the FDA has issued a warning of rare, yet
severe cases of fatal lung injury (pneumonitis). Recently, the
Japanese Ministry of Health has released a similar warning, as
patients developed a pulmonary toxicity, likely secondary to
abemaciclib exposure (27‑29).
The present study, to the best of our knowledge, is the
first to describe the case of a 55‑year‑old postmenopausal
female with locally advanced breast cancer (HR+/HER2‑ and
a Ki67 labeling index of 20%) who enrolled in the adjuvant
high‑risk monarchE clinical trial [National Clinical Trial
(NCT) 03155997], recently published (30), who developed
lung toxicity following treatment with abemaciclib.
Case report
The present study presents the case of a 55‑year‑old post‑
menopausal female with a negative family history of breast or
ovarian cancer, who was otherwise healthy, with a right breast
tumor mass lasting for >6 month in November, 2017. The
patient presented at the Combined Breast Oncology Clinic at
King Faisal Specialist Hospital and Research Center, Riyadh,
Saudi Arabia with a well‑defined mass at the 9‑10 o'clock
position, measuring ~2x2 cm, with multiple axillary lymph‑
adenopathies freely mobile. The patient was subjected to
complete staging workup consisting of a bilateral mammo‑
gram, an ultrasonography (US) breast scan, a computerized
tomography (CT) scan of the chest abdomen and pelvis, and
a bone scan as per institutional guidelines. The mammogram
and ultrasound revealed 2 highly suspicious masses at the
9‑10 o'clock position associated with satellite nodules, one
measuring ~2.2x2.3 cm and the other 1.2x1.2 cm. The overall
tumor extension was ~5 cm, with multiple axillary lymph
nodes observed, with the largest cortical thickness of ~0.5 cm.
A CT scan of the chest, abdomen and pelvis revealed only a
right breast mass and multiple axillary lymph nodes (largest
of 10 mm), no distant metastasis; the bone scan was negative.
The biopsy revealed invasive ductal carcinoma of grade 3,
estrogen receptor (ER)‑positive staining of 95% and proges‑
terone receptor (PR)‑positive staining of 80%; HER2 was
equivocal (+2), as shown by immunohistochemical staining
and confirmed negative by fluorescent in situ hybridization
(FISH) with ratio of 1.1; the Ki67 labeling index was reported
as 70% (luminal B subtype). The axillary lymph node on the
same side was biopsied and reported as positive for carcinoma.
On January 14, 2018, the patient underwent right modi‑
fied radical mastectomy and the final pathological diagnosis
was as follows: Invasive ductal carcinoma, grade 3, with
a multifocal tumor size of 2.6 and 1.5 cm, 7 out 12 lymph
nodes positive, with extra‑nodal extension, prominent
lymphatic and vascular invasion, TNM classification (T2p
N2a pM0) and AJCC prognostic Stage Group (IIB). The
patient completed four cycles of adjuvant epirubicin and
cyclophosphamide (90/600 mg/m2) therapy, last administered

on the April 18, 2018 with a subsequent 12 weeks of paclitaxel
(80 mg/m 2 day 1 and 8 every 21 days) treatment completed
on September 20, 2018. In addition, adjuvant radiation therapy
to the right chest wall, the axilla and supraclavicular region,
was completed on November 12, 2018. The patient was then
selected to be enrolled in the adjuvant high‑risk monarchE
clinical trial (NCT 03155997) and randomized to receive
adjuvant treatment with abemaciclib with exemestane, which
commenced on January 30, 2019. The patient was followed‑up
as per protocol with no major toxicities observed. In June, 2019
the dose of abemaciclib was reduced by one level [100 mg per
os (PO) twice daily] due to grade II renal toxicity.
At one year following the initiation of abemaciclib treat‑
ment (January, 2020) the patient presented with a dry cough
with no other specific symptoms. All the patient workup at that
time did not reveal any marked observations, including a chest
x‑ray; the patient was thus kept on observation. After a period
of three months (on April 29, 2020), the patient presented to
the Emergency Department of King Faisal Specialist Hospital
and Research Center, Riyadh, Saudi Arabia with the same
symptom of a dry cough associated with shortness of breath
New York Heart Association (NYHA) class II (31) for the past
one month. She reported no history of fever, chills or rigors
or any contact with patients who were ill or with patients
who were COVID‑19‑positive. She reported no significant
travel history and no lower limb edema. Upon examination,
she was hemodynamically stable. She did not appear to be in
respiratory distress and she was not tachypneic or tachycardic.
A chest and cardiovascular examination did not reveal any
marked observations and pulse oximetry was normal. The
deferential diagnosis at presentation included acute infec‑
tion, such as pneumonia, pulmonary embolism, lymphangitic
carcinomatosis and abemaciclib‑induced ILD/pneumonitis.
The laboratory workup revealed grade I leukopenia and mild
anemia without neutropenia or thrombocytopenia and a stable
creatinine clearance (45‑50 µmol/l). The chest x‑ray revealed
ground‑glass opacity in the right upper lobe. C‑reactive
protein (CRP) and procalcitonin levels were very low. The
septic screen was negative for blood cultures. Polymerase
chain reaction (PCR) analysis for COVID‑19 and common
respiratory viruses (rapid influenza A and B, H1N1), sputum
acid‑fast bacillus (AFB) cultures and QuantiFERON‑TB for
tuberculosis (TB) essentially ruled out infectious causes. A CT
scan of the chest revealed focal peripheral patchy shadowing
of interstitial and air space lung changes noted in the upper
and lower lobes of the right lung, in the outer peripheral are
in the former and the inner peripheral are in the latter. These
lung changes were associated with traction bronchiectasis
and a ‘tree in bud’ appearance, with no evidence of pulmo‑
nary embolism, regional recurrence or distant metastasis
(Fig. 1). Pulmonary function tests (PFTs) were with good
effort and cooperation; [forced vital capacity (FVC), 77%;
forced expiratory volume in the first second (FEV1), 90%;
FEV1/FVC, 116%; and total lung capacity (TLC), 99%],
revealing no evidence of obstruction or a restrictive pattern.
Unfortunately, she was not able to undergo diffusion capacity
of the lungs for carbon monoxide (DLCO) according to the
ATS standards (32). An electrocardiogram (ECG) and echo‑
cardiogram (ECHO) ruled out any cardiac‑related causes.
The pulmonary team was consulted and they agreed with
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Figure 1. Focal peripheral patchy shadowing of interstitial and air space lung changes noted in the (A) upper and (B) lower lobes of the right lung associated
with traction bronchiectasis and a ‘tree in bud’ appearance.

Figure 2. Interval resolution of the focal peribronchovascular ground‑glass opacities and consolidations.

the obtained working diagnosis. Abemaciclib treatment was
discontinued. The hospital Institutional Review Board (IRB)
of King Faisal Specialist Hospital and Research Center and
International study group were informed as per the protocol
and the patient was kept for observation. Given that the patient
had a normal pulmonary function and there were no oxygen
requirements, there was no strong indication to begin steroid
therapy, and the patient was kept for observation. A follow‑up
chest x‑ray after one week revealed the interval resolution of
the noted infiltrates on the admission x‑ray that supported the
working diagnosis of abemaciclib‑induced pneumonitis. The
patient was discharged on exemestane. Upon the follow‑up
after four weeks, the patient had no more symptoms and the
CT chest scan at six weeks revealed the interval resolution
of the focal peribronchovascular ground‑glass opacities and
consolidations (Fig. 2).
Discussion
To date drug‑induced, lung injury remains a diagnosis of
exclusion. Pulmonary toxicity with anticancer therapy ranging
from asymptomatic radiological changes to respiratory failure
is considered relatively common with an estimated incidence

of 10‑20% prior to the era of CDK4/6 inhibitors (33). The FDA
has issued a warning that the use of CDK4/6 inhibitors may
cause rare, yet severe inflammation of the lungs. There is far
less data available linking CDK4/6 inhibitors with pulmonary
toxicity; however, isolated cases from clinical trials plus
emerging case reports in the post‑marketing arena have raised
concern for a potential class effect (29). Initially, there was no
report of pneumonitis related to palbociclib in the PALOMA
trials (34). To the best of our knowledge, eight cases of palbo‑
ciclib‑induced ILD/pneumonitis have been reported since its
approval for advanced HR+/HER2‑ breast cancer (35‑42). In
the MONALEESA‑2 trial of ribociclib, two participants died
of acute respiratory failure. In the second interim analysis of
the MONALEESA‑3 trial there were 6 cases (1.2%) of ILD
[one case (0.2%) of grade 3 or 4] in the ribociclib arm and
2 cases (none, grade 3 or 4) in the placebo arm (22). The
authors have recently reported a case of ILD in 46‑year‑old
female with advanced HR+ /HER2 ‑ breast cancer who
developed severe acute respiratory distress after four weeks
from the commencement of ribociclib therapy (43). Wider
knowledge of the risk of pneumonitis related to abemaciclib
occurred when the Japanese Health Ministry announced that
14 patients had pulmonary side‑effects and three patients died
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following treatment with abemaciclib, after 2,000 patients had
been treated with abemaciclib (28). Eli Lilly, the manufacturer
of abemaciclib, initially added a warning regarding the risk
of ILD, only in their Japanese market, citing a general greater
frequency of pneumonitis in the East Asian population (44).
However, the FDA later announced, that there were reports of
serious cases of pneumonitis and ILD, including fatalities, in
patients treated with palbociclib, ribociclib, and abemaciclib,
in ongoing clinical trials and post marketing safety data‑
bases (29).
Severe, life‑threatening, or fatal interstitial lung disease
and/or pneumonitis can occur with abemaciclib. Across
MONARCH 1, 2 and 3, 3.3% of abemaciclib‑treated patients
had ILD of any grade, 0.6% had grade 3 or 4, and 0.4%
died (45). Findings from the adjuvant monarchE reported ILD
in 2.7% of patients (0.3% grade 3) and given the potential
severity of fatal ILD and/or pneumonitis, patients should be
made of aware of symptoms and reported immediately to
their physicians (30). A recent comprehensive review on the
safety analysis of MONARCHE 2 and 3, ILD/pneumonitis was
reported as (2 and 5.2%) for MONARCHE 2 and 3, respectively
with <1% of cases grade ≥3 (46). According to The National
Cancer Institute Common Terminology Criteria for Adverse
Events (NCI‑CTCAE), the patient presented herein fits grade 2
toxicity, which is defined as pneumonitis involving the pres‑
ence of new or worsening symptoms, including shortness of
breath, cough, chest pain, fever and increased oxygen require‑
ments (47). Additionally, the patient developed pneumonitis
almost a year following the initiation of adjuvant abemaciclib
therapy; the diagnosis of drug‑induced lung toxicity was
uncertain at the initial presentation, which led to the delay in
diagnosis for almost three months. In this case, other differ‑
entials were explored (infectious and non‑infectious causes)
such as, pulmonary embolism; pulmonary edema and heart
failure were ruled out by the negative PE scan and microbi‑
ology results. Radiation‑induced pneumonitis is differential;
however, the involvement of both the upper and lower areas
away from the field of radiation and the marked improvement
that followed the discontinuation of the drug strongly supports
abemiclib being the cause. Epirubicin, paclitaxel and cyclo‑
phosphamide have been associated with interstitial pneumonia
and fibrosis (cyclophosphamide); reportedly, this tends to
occur while on therapy (48,49).
The patient presented herein developed interstitial pneu‑
monia almost two years following the completion of the
adjuvant chemotherapy, which renders it less likely as the cause.
CDK4/6 inhibitors are highly likely to be the causative agent
of pulmonary toxicity in several patients who have received
the therapy; these agents are new and their side‑effects remain
poorly understood. As with the treatment of drug‑induced
pneumonitis, the common recommendation is the discontinu‑
ation of the causative agent and to initiate steroids (33). The
patient presented herein did not require any oxygen or respira‑
tory support and her symptoms had markedly improved after
one week from terminating the medication and the completion
of the workup. Therefore, it was determined that the obser‑
vation of the patient continue with a low threshold to begin
steroid treatment upon any change in the respiratory status. It
is important for physicians to know that interstitial pneumo‑
nitis may be fatal and close observations should be carried out

for those patients. CDK4/6 inhibitors may be recognized as the
potential cause for drug‑induced pneumonitis.
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