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Abstract 

Background Cardiovascular (CV) comorbidities and concurrent medications with risk of heart rate-corrected QT 
interval (QTc) prolongation can impact treatment decisions and safety discussions for patients with breast cancer. 
However, limited data are available regarding their prevalence in patients with HR + /HER2– metastatic breast cancer 
(mBC). We evaluated the prevalence of CV comorbidities, the use of concurrent medications with risk of QTc prolon-
gation, and treatment patterns in patients with newly diagnosed HR + /HER2 − mBC.

Methods This retrospective analysis utilized claims data from Merative™ Marketscan® Commercial and Medicare 
databases. Claims-based algorithms identified patients with newly diagnosed HR + /HER2– mBC between Janu-
ary 2016 and December 2022. The index date was defined as the first date of an mBC claim during this period. 
For each patient, data on pre-existing CV comorbidities and first-line treatments were captured for 12 months 
before and 6 months after the index date, respectively.

Results A total of 6525 patients with newly diagnosed HR + /HER2 − mBC were identified. At mBC diagnosis, 61.7% 
of patients had ≥ 1 CV comorbidity. Of patients with CV comorbidities, 22.5% and 30.6% took 1 or ≥ 2 medications, 
respectively, with risk of QTc prolongation. First-line use of cyclin-dependent kinase 4/6 (CDK4/6) inhibitors increased 
from 22.1% of patients with CV comorbidities diagnosed in 2016–2017 to 31.5% of those diagnosed in 2018–2022.

Conclusions We found that CV comorbidities and use of medications with risk of QTc prolongation were common 
in patients with newly diagnosed HR + /HER2 − mBC. These factors should inform treatment decision-making (includ-
ing CDK4/6 inhibitor selection), safety discussions with patients, and CV monitoring.
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Graphical Abstract

Background
Despite improved treatment approaches for early breast 
cancer, nearly 30% of patients will develop distant meta-
static disease [1]. Metastatic breast cancer (mBC) can be 
described by hormone receptor (HR) status and human 
epidermal growth factor receptor 2 (HER2) status. 
Approximately 70% of patients with mBC in the United 
States have HR + /HER2 − disease [2].

The presence of pre-existing cardiovascular (CV) 
comorbidities can markedly impact treatment deci-
sions and outcomes in patients with breast cancer [3]. 
Since the prevalence of CV diseases tends to increase 
with age [3, 4], pre-existing CV comorbidities are a 
particularly relevant consideration for patients with 
mBC, the majority of whom are aged ≥ 45  years [5]. 
Moreover, CV comorbidities and the concurrent use 
of systemic cancer therapies and supportive care medi-
cations place patients with breast cancer at increased 

risk of developing QT prolongation [6]. Heart rate-cor-
rected QT interval (QTc) prolongation is a potentially 
life-threatening toxicity that increases the risk of CV 
arrhythmias (eg, Torsades de Pointes [TdP]) and sud-
den CV death [7–10]. Limited literature exists regard-
ing the proportion of patients with breast cancer who 
are at risk for QTc prolongation secondary to cancer 
therapies and concurrent medications.

CV comorbidities are associated with reduced overall 
survival and a higher risk of mortality in patients with 
breast cancer [11, 12]. Long-term breast cancer sur-
vivors also have a higher risk of death due to CV dis-
ease compared to women without a history of breast 
cancer [13, 14]. However, limited data are currently 
available regarding the prevalence of CV comorbidi-
ties in patients with HR + /HER2– mBC. Furthermore, 
established comorbidity indices, such as the National 
Cancer Institute (NCI) Comorbidity Index [15], are not 
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completely inclusive of the broad range of CV comor-
bidities that may contribute to risk of mortality.

CV comorbidities and QTc prolongation risk are espe-
cially important factors to consider in the context of 
treatment decision-making for patients with newly diag-
nosed HR + /HER2 − mBC, for whom the combination 
of a cyclin-dependent kinase 4/6 (CDK4/6) inhibitor 
and endocrine therapy (ET) is the current standard-of-
care [16, 17]. Ribociclib has been associated with QTc 
prolongation and is the only CDK4/6 inhibitor with a 
warning against concomitant use with other QTc-pro-
longing medications and recommendations for cardiac 
monitoring in its United States Prescribing Information 
[8, 18, 19]. A prior retrospective analysis of health care 
claims data in the US reported that 17.1% of patients with 
HR + /HER2 − mBC received a concomitant medication 
that could increase the risk of developing QTc prolon-
gation [20]. However, this study only evaluated medica-
tion claims data during the 7-day period before the index 
date (ie, date of first secondary neoplasm diagnosis) [20]. 
More comprehensive and long-term data are needed to 
better characterize the use of chronic medications with 
risk of QTc prolongation in this population, particularly 
as these patients may be receiving chronic medications 
for their CV comorbidity.

Given the potential impact of CV comorbidities and 
concurrent medications with risk of QTc prolongation 
on treatment decisions and outcomes, it is important 
to understand their prevalence in patients with newly 
diagnosed HR + /HER2 − mBC. The objectives of this 
retrospective study were to describe the prevalence of 
pre-existing CV comorbidities, the use of concurrent 
medications with a potential risk of QTc prolongation, 
and the first documented cancer treatment in patients 
with newly diagnosed HR + /HER2 − mBC.

Methods
Study design
This retrospective, observational study utilized closed 
claims data from the Merative™ Marketscan® Commer-
cial and Medicare databases [21]. These databases con-
tain patient-level claims and specialty data for employees, 
dependents, and retirees in the United States with pri-
mary or Medicare coverage through privately insured fee-
for-service, point-of-service, or capitated health plans. All 
enrollment records and outpatient, inpatient, ancillary, 
and drug claims data were collected and used for identi-
fying the study population and measuring outcomes. This 
study used Health Insurance Portability and Account-
ability Act–compliant and deidentified data, which 
did not meet the criteria for human subject research as 
specified in the United States Department of Health and 
Human Services 45 Code of Federal Regulations Part 46. 

Therefore, neither institutional review board approval 
nor informed consent was required. This study was con-
ducted in accordance with legal and regulatory require-
ments and followed research practices as described in 
guidelines issued by the International Society for Phar-
macoepidemiology, the International Epidemiological 
Association, the International Society for Pharmacoeco-
nomics and Outcomes Research, and the United States 
Food and Drug Administration.

The study focused on patients with newly diagnosed 
HR + /HER2 − mBC between January 1, 2016, and 
December 31, 2022 (Fig.  1). The index date for each 
patient was defined as the first date of an mBC claim 
during this time frame, when an mBC claim was made. 
Diagnosis of mBC was defined as having at least 2 claims 
containing at least 1 diagnosis code for breast cancer at 
least 30 days apart and at least 2 secondary malignancy 
diagnosis codes on separate days (with the first claim 
occurring no more than 30 days before or any time after 
the first diagnosis of primary breast cancer) [22, 23]. 
Patients who solely had secondary malignancy diagnosis 
codes of the breast, local regional lymph nodes, or non-
melanoma of the skin were not considered to have mBC. 
Pre-existing CV comorbidity data were captured for the 
1-year period before the index date (ie, the look-back 
period), and data for the first documented breast cancer 
treatments were captured for the 6-month period after 
the index date (ie, the look-forward period).

Patients
The study cohort consisted of women and men aged 
18 years or older with HR + /HER2 − mBC. HR + patients 
were defined as those who received at least 1 prescription 
fill or administration of an ET on or before the index date 
and up to 1 month after the index date. HER2 − patients 
were defined as those who did not receive claims for 
treatments indicated for HER2 + breast cancer on or 
before the index date and up to one month after the 
index date. One month after diagnosis was selected to 
reflect HR and HER2 status at baseline. Patients were 
required to have 18  months of continuous health plan 
enrollment in the look-back and look-forward periods, 
which means that their medical and pharmacy claims 
were available for analysis for 1 year before and 6 months 
after the index date; those without continuous 18-month 
enrollment (including those who died < 6  months after 
the index date) were excluded. Patients without 6 months 
continuous health plan enrollment after diagnosis were 
excluded because those who did not receive treatment 
within 6  months may have had meaningful unobserved 
characteristics that influenced their treatment decisions. 
Patients with HER2 + disease on or before the index date 
and up to 1  month after the index date, cancers other 
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than breast cancer (except for non-melanoma of the 
skin) in the 12-month look-back period, and those who 
participated in clinical trials 1 year before and 6 months 
after the index date were excluded from the study. Inter-
national Classification of Diseases (ICD)−9/10-Clinical 
Modification codes were used to identify patients with 
mBC and secondary malignancies (Supplementary 
Table 1).

Outcomes
Outcomes evaluated in this analysis included the preva-
lence of pre-existing CV comorbidities, the prevalence of 
concurrent medication used for more than 30 days with 
a risk of potential QTc prolongation or TdP, and the first 
documented cancer treatment after HR + /HER2 − mBC 
diagnosis.

To determine the prevalence of pre-existing CV comor-
bidities, the study utilized ICD-9/10-Clinical Modifica-
tion codes in the look-back period from the index date 
(Supplementary Table 1). Pre-existing CV comorbidities 
and the ICD-9/10 codes were selected based on pub-
lished literature and expert opinions from key opinion 
leaders. Given the complex interplay between diabetes 
and CV disease, including CV complications often asso-
ciated with diabetes [24], ICD-9/10-Clinical Modification 

codes for diabetes were captured as part of the analysis 
(Supplementary Table  1). In addition, specific medica-
tions for commonly undercoded CV comorbidities (dia-
betes, hyperlipidemia, and hypertension) were utilized to 
describe the prevalence (Supplementary Table 2) [25].

The prevalence of concurrent medication used for 
more than 30  days (ie, chronically utilized medications) 
with a risk of potential QTc prolongation or TdP was 
determined using pharmacy claims. All medications with 
a risk of QTc prolongation or TdP (known, possible, or 
conditional), as listed on www. credi bleme ds. org, were 
captured if prescribed within 45 days before and 45 days 
after the index date for those medications that have at 
least 30  days of supply [7]. Prevalence was described 
overall and stratified by type of risk.

The first documented cancer treatment for HR + /
HER2 − mBC was captured using pharmacy claims. The 
medications included in this analysis were those recom-
mended as preferred for treatment of HR + /HER2 − mBC 
in the first-line setting according to the National Com-
prehensive Cancer Network® guidelines version 4.2023 
[16]. CDK4/6 inhibitor–based therapy, endocrine 
monotherapy, chemotherapy, and other targeted treat-
ments were defined based on the presence or absence of 
specific medication claims within certain time frames. 

Fig. 1 Study design. A high-level overview of the study design and methodology is presented. Additional information, including detailed 
definitions of eligibility criteria and outcomes, is provided in the Methods section. aExcept for non-melanoma of the skin. BC, breast cancer; CV, 
cardiovascular; HER2 + , human epidermal growth factor receptor 2-positive; HER2 − , human epidermal growth factor receptor 2-negative; HR + , 
hormone receptor-positive; mBC, metastatic breast cancer; QTc, heart rate-corrected QT interval

http://www.crediblemeds.org
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Specifically, CDK4/6 inhibitor–based therapy was 
defined as any CDK4/6 inhibitor claim within ± 60  days 
(to account for potential delays in approval of treatment) 
of first fill date of the non-CDK4/6 treatment. Endo-
crine monotherapy was defined as no CDK4/6 inhibi-
tor claim within ± 60  days of first fill date of the ET, or 
no other targeted treatment claim or chemotherapy 
claim within ± 28 days of first fill date of the ET. Chem-
otherapy was defined as no CDK4/6 inhibitor claim 
within ± 60  days or no other targeted treatment claim 
within ± 28 days of first fill date of the chemotherapy. An 
ET treatment claim or other targeted treatment claim 
with chemotherapy claim within ± 28 days was defined as 
chemotherapy. Other targeted treatment (olaparib, tala-
zoparib, everolimus, alpelisib, or pembrolizumab) was 
defined as no CDK4/6 inhibitor claim within ± 60 days or 
chemotherapy claim within ± 28  days of first fill date of 
the other targeted treatment regardless of claim for ET 
treatment. Treatment patterns were captured in mutu-
ally exclusive subgroups and were stratified by the year of 
mBC diagnosis (2016–2017 vs 2018–2022) to reflect the 
change in availability of CDK4/6 inhibitors in the United 
States.

Statistical analysis
All study analyses were descriptive in nature and con-
ducted using SAS version 9.4. Summary statistics were 
calculated to describe baseline demographics, clinical 
characteristics, and treatment patterns. For continu-
ous data, the mean (standard deviation [SD]) or median 
(interquartile range [IQR]) were assessed. For categorical 
data, the frequencies and percentages were reported.

Results
Patients
Of 66,608,054 patients who were included in the data-
base during the index period (January 2016 to December 
2022), 6525 patients with HR + /HER2 − mBC met the 
study eligibility criteria and were included in this analy-
sis (Fig.  2). Patient characteristics at the time of HR + /
HER2 − mBC diagnosis are shown in Table  1. Among 
the overall study cohort (n = 6525), most patients (98.8%) 
were female, the median age was 59.0 (IQR, 15.0) years, 
and most patients (73.2%) were below the age of 65 years. 
In addition, 39.6% resided in the South, and 83.7% of 
patients had a health plan provided by their employer. 
In terms of clinical characteristics, 37.3% of patients had 
bone-only metastasis, 13.5% had visceral metastasis, and 
2.2% had brain or central nervous system metastasis. 
Patients had a median NCI Comorbidity Index score of 
0 (IQR, 1.6); the prevalence of various comorbidities, as 
captured by the NCI Comorbidity Index, is presented in 
Supplementary Table 3.

Prevalence of pre‑existing CV comorbidities
At the time of mBC diagnosis, 4029 of 6525 (61.7%) 
patients in the overall study cohort had at least 1 pre-
existing CV comorbidity. The median number of pre-
existing CV comorbidities in the overall study cohort 
was 2.0 (IQR, 2.0). The most commonly reported CV 
comorbidities were hypertension (50.7%), hyperlipidemia 
(34.4%), and diabetes (19.4%; Table  2). When compar-
ing patients with and without CV comorbidities, it was 
observed that the median age of patients with CV comor-
bidities was 62  years, while the median age of patients 
without CV comorbidities was 53 years. Among patients 
aged 65 years or older, 86.9% had at least 1 CV comorbid-
ity at the time of mBC diagnosis, compared to 52.5% of 
patients under the age of 65.

Prevalence of concurrent medication with risk of potential 
QTc prolongation or TdP
The use of concurrent medications with a risk of poten-
tial QTc prolongation or TdP was assessed among 
patients with and without CV comorbidities. The median 
number of medications with a risk of QTc prolongation 
was 2, both for patients with CV comorbidities (IQR, 2) 
and patients without CV comorbidities (IQR, 3). Among 
patients with CV comorbidities, over half (53.2%) were 
prescribed at least 1 medication with a risk of QTc pro-
longation, with 22.5% taking 1 medication and 30.6% 
taking 2 or more medications (Fig.  3). Among patients 
without CV comorbidities, 15.5% took 1 medication with 
a risk of QTc prolongation, and 29.4% took 2 or more 
medications (Fig.  3). The most frequently prescribed 
chronic medications with risk of QTc prolongation were 
hydrochlorothiazide (28.0%), venlafaxine (10.8%), and 
omeprazole (10.3%) in patients with CV comorbidities 
(Table  3); and venlafaxine (10.0%), escitalopram (7.1%), 
and hydrocodone (5.8%) in patients without CV comor-
bidities (Table 4).

The concurrent use of chronic medications with a 
known, possible, or conditional risk of TdP was observed 
in 25.2%, 16.4%, and 34.6% of patients with CV comor-
bidities, respectively, and in 26.5%, 22.4%, and 16.3% of 
patients without CV comorbidities, respectively (Fig. 4). 
Two or more medications with a known risk of TdP were 
prescribed to 14.3% of patients with CV comorbidities 
and 15.6% of patients without CV comorbidities. In both 
patients with and without CV comorbidities, the most 
frequently prescribed medications with a known risk of 
TdP were escitalopram (5.5% vs 7.1%), citalopram (4.6% 
vs 3.9%), and ondansetron (4.3% vs 3.0%; Tables 3 and 4).

First documented cancer treatment for HR + /HER2 − mBC
First-line treatments for HR + /HER2 − mBC were ana-
lyzed by year of mBC diagnosis among patients with 
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and without CV comorbidities. For patients diagnosed 
with mBC between 2016 and 2017, the most common 
first-line treatments were endocrine monotherapy 
(60.0% of patients with CV comorbidities vs 55.6% of 
patients without CV comorbidities), CDK4/6 inhibi-
tor–based therapy (22.1% vs 22.9%, respectively), and 
chemotherapy (10.5% vs 14.2%, respectively; Fig.  5). 
Among patients diagnosed with mBC between 2018 
and 2022, the most common first-line treatments were 

endocrine monotherapy (48.0% of patients with CV 
comorbidities vs 44.3% of patients without CV comor-
bidities), CDK4/6 inhibitor–based therapy (31.5% 
vs 29.9%, respectively), and chemotherapy (13.7% vs 
19.4%, respectively; Fig. 5). Notably, palbociclib was the 
most frequently used CDK4/6 inhibitor as a first-line 
treatment, accounting for 86.0% and 84.3% of CDK4/6 
inhibitor use among patients with and without CV 
comorbidities, respectively (Fig. 6).

Fig. 2 Flowchart of patients included in the study. The flowchart shows the selection of patients included in the analysis. aIn Marketscan 
Commercial Claims and Encounters (CCAE) database & Medicare Supplemental and Coordination of Benefits (MDCR) database. bDefined 
as ≥ 2 claims containing ≥ 1 diagnosis code for breast cancer ≥ 30 days apart. cDefined as ≥ 2 claims for a secondary neoplasm on separate 
days (with the first claim occurring ≤ 30 days before or any time after the first diagnosis of primary breast cancer); patients who solely had 
secondary malignancy diagnosis codes of the breast, local regional lymph nodes, or non-melanoma of the skin were not considered to have 
mBC. dDefined as patients who received ≥ 1 prescription fill of endocrine therapy on or before index date or within 30 days after index date. 
eDuring − 12/ + 6 months prior and post index date. fUse before index date or within 30 days after index date. gDuring the look-back period, 
except for non-melanoma of the skin. HER2 + , human epidermal growth factor receptor 2-positive; HR + , hormone receptor-positive; mBC, 
metastatic breast cancer
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Discussion
In this retrospective, observational analysis of closed 
claims data from the Merative Marketscan database, 
we evaluated the prevalence of pre-existing CV comor-
bidities and first-line treatment patterns among patients 

with newly diagnosed HR + /HER2 − mBC in the United 
States. By expanding our analysis beyond severe CV 
comorbidities and utilizing both ICD-9/10 codes and 
pharmacy claims, our study provides a comprehensive 
assessment of CV comorbidities. Overall, we found that 
pre-existing CV comorbidities were common among 
patients with HR + /HER2 − mBC, with more than half of 
patients (62%) having at least 1 pre-existing CV comor-
bidity at the time of mBC diagnosis. Among patients 
aged 65 years and older, the prevalence of CV comorbidi-
ties was even higher, with 87% of these patients having at 
least 1 CV comorbidity.

Of patients with a pre-existing CV comorbidity, over 
half (53%) were prescribed at least 1 medication with a 
risk of potential QTc prolongation at the time of mBC 
diagnosis, and 25% were prescribed at least 1 medica-
tion with a known risk of TdP. These findings are of par-
ticular importance in this population because female sex 
and age over 65  years are also considered non-modifia-
ble patient risk factors that increase the risk of TdP with 
QTc-prolonging drugs [26]. Importantly, we evaluated 
QTc-prolonging medication use over an extended period 
compared with a similar prior study (90 vs 7 days, respec-
tively) [20], thereby capturing a more complete repre-
sentation of chronic medication use in this population. 
Antidepressants (eg, escitalopram and citalopram) and 

Table 1 Patient demographics

CNS Central nervous system, CV Cardiovascular; HER2 − , human epidermal 
growth factor receptor 2-negative, HR +  Hormone receptor-positive, IQR 
Interquartile range, mBC Metastatic breast cancer, NCI National Cancer Institute, 
SD Standard deviation
a Region of residence: Northeast (Connecticut, Maine, Massachusetts, New 
Hampshire, Vermont, Rhode Island, New Jersey, New York, and Pennsylvania); 
North Central (Illinois, Indiana, Michigan, Ohio, Wisconsin, Iowa, Kansas, 
Minnesota, Missouri, Nebraska, North Dakota, and South Dakota); South 
(Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, 
South Carolina, Virginia, Alabama, Kentucky, Mississippi, Tennessee, West 
Virginia, Arkansas, Louisiana, Oklahoma, and Texas); West (Arizona, Colorado, 
Idaho, Montana, Nevada, New Mexico, Utah, Wyoming, Alaska, California, Hawaii, 
Oregon, and Washington). The geographic region was unknown for 9 patients 
(0.1%)

Patient characteristics at 
HR + /HER2 − mBC diagnosis

Total
(N = 6525)

CV comorbidities at
HR + /HER2 − mBC 
diagnosis

Yes
(n = 4029)

No
(n = 2496)

Sex, n (%)

 Female 6448 (98.8) 3966 (98.4) 2482 (99.4)

Age, years

 Median (IQR) 59.0 (15.0) 62.0 (16.0) 53.0 (15.0)

Age group, n (%)

 < 55 years 2325 (35.6) 895 (22.2) 1430 (57.3)

 55–64 years 2450 (37.5) 1614 (40.1) 836 (33.5)

 65–74 years 833 (12.8) 675 (16.8) 158 (6.3)

 ≥ 75 years 917 (14.1) 845 (21.0) 72 (2.9)

Geographic  regiona, n (%)

 Northeast 1426 (21.9) 892 (22.1) 534 (21.4)

 North Central 1539 (23.6) 1003 (24.9) 536 (21.5)

 South 2585 (39.6) 1638 (40.7) 947 (37.9)

 West 966 (14.8) 490 (12.2) 476 (19.1)

Health data type, n (%)

 Fee for service 4236 (64.9) 2231 (55.4) 2005 (80.3)

 Encounter 590 (9.0) 317 (7.9) 273 (10.9)

 Medicare 1510 (23.1) 1325 (32.9) 185 (7.4)

 Medicare encounter 189 (2.9) 156 (3.9) 33 (1.3)

Health plan, n (%)

 Employer 5464 (83.7) 3400 (84.4) 2064 (82.7)

 Health plan 1061 (16.3) 629 (15.6) 432 (17.3)

Metastasis, n (%)

 Bone-only 2434 (37.3) 1604 (39.8) 830 (33.3)

 Visceral 884 (13.5) 583 (14.5) 301 (12.1)

 Brain/CNS 143 (2.2) 96 (2.4) 47 (1.9)

NCI Comorbidity Index Score

 Median (IQR) 0 (1.6) 1.3 (2.1) 0 (0)

 Mean (SD) 1.0 (1.4) 1.4 (1.6) 0.3 (0.8)

Table 2 CV comorbidities at HR + /HER2 − mBC diagnosis 
(grouped by similar ICD-9/10  codesa)

CV Cardiovascular, HER2 −  Human epidermal growth factor receptor 2-negative, 
HR +  Hormone receptor-positive, ICD International Classification of Diseases, 
mBC Metastatic breast cancer
a ICD-9/10 codes captured for each CV comorbidity listed are reported in 
Supplementary Table 1
b Congestive heart failure includes heart failure and cardiomyopathy
c Ischemic heart disease includes coronary artery bypass graft, acute coronary 
syndrome, myocardial infarction, and STEMI/nSTEMI
d Stroke includes cerebrovascular disease, ischemic stroke, and hemorrhagic 
stroke. 
e Atrial fibrillation includes heart flutter

CV comorbidity, n (%) All patients
(N = 6525)

Hypertension 3306 (50.7)

Hyperlipidemia 2247 (34.4)

Diabetes 1269 (19.4)

Congestive heart  failureb 500 (7.7)

Ischemic heart  diseasec 401 (6.1)

Stroked 276 (4.2)

Atrial  fibrillatione 232 (3.6)

Bradyarrhythmia (and other CV arrhythmias) 181 (2.8)

Peripheral artery disease 130 (2.0)

Supraventricular tachycardia 67 (1.0)

Severe valvular heart disease 10 (0.2)
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antiemetics (eg, ondansetron) were some of the most 
frequently prescribed medications with a known risk of 
TdP in our study, mirroring the results of recent reports 
evaluating risk factors for QTc prolongation in patients 
with HR + /HER2 − mBC [20, 27]. Although beyond the 
scope of our current analysis, further research evaluating 
the pharmacological management of psychiatric comor-
bidities in patients with HR + /HER2 − mBC is warranted, 
considering the risk of TdP associated with certain anti-
depressants [6]. Notably, certain antidepressants such 
as venlafaxine or escitalopram may have been used in 
our study cohort for the management of ET-related side 
effects, reflecting prior evidence showing their utility in 
the control of hot flashes in breast cancer survivors [28].

Our study also observed an increase in the use of 
CDK4/6 inhibitors as first-line treatment for patients 
with HR + /HER2 − mBC and CV comorbidities over 
time. Specifically, the use of CDK4/6 inhibitors as first-
line treatment increased from 22.1% of patients treated 
in 2016–2017 to 31.5% of patients treated in 2018–2022. 
This rise in CDK4/6 inhibitor use corresponds with the 
timing of their regulatory approvals in the United States 
[29]. Similar trends in the use of CDK4/6 inhibitors have 
been observed in other studies, including an analysis of 
data from patients aged 65  years and older with HR + /
HER2 − mBC in the Surveillance, Epidemiology and End 
Results–Medicare Database [30]. These findings likely 
reflect clinical practice guidelines, such as those from the 
National Comprehensive Cancer Network or American 

Society of Clinical Oncology, which recommend first-line 
treatment with a CDK4/6 inhibitor plus ET for patients 
with HR + /HER2– mBC based on the significant pro-
gression-free survival benefit observed across a number 
of phase 3 trials [16, 31].

Although not a class effect of CDK4/6 inhibitors, ribo-
ciclib has been associated with QT interval prolonga-
tion and its concomitant use with agents that prolong 
the QT interval is discouraged [3, 8]. Ribociclib is the 
only CDK4/6 inhibitor with labeling recommendations 
for cardiac monitoring (including electrocardiogram and 
electrolyte monitoring) [8, 32]. Across pivotal phase 3 tri-
als that evaluated ribociclib + ET in patients with HR + /
HER2 − advanced or mBC (MONALEESA-2, −3, and 
−7), the incidence of grade 3/4 QTc prolongation ranged 
from 0.6% to 1.7% of patients [32]. This context, and the 
frequent use of concurrent medications with a risk of 
QTc prolongation as observed in our study, underscores 
the importance of considering concomitant use of QTc 
prolongation agents when selecting a CDK4/6 inhibitor 
for patients with HR + /HER2 − mBC.

The European Society of Cardiology (ESC) Cardio-
Oncology Guidelines recommend QTc monitoring at 
baseline (day 1) and days 14 and 28,  (published prior to 
package insert monitoring update) and with any dose 
increase for all patients receiving ribociclib (Class I rec-
ommendation); QTc monitoring is also suggested for 
patients receiving palbociclib or abemaciclib who have 
baseline QTc above the normal range or other conditions 

Fig. 3 Medications with risk of QTc prolongation used for > 30 days. The proportions of patients with or without CV comorbidities who received 0, 
1, or ≥ 2 medications with a risk of QTc prolongation are presented. CV, cardiovascular; QTc, heart rate-corrected QT interval
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that may prolong the QTc interval (Class IIa recom-
mendation) [17]. The ribociclib product monograph 
has recently been updated with QTc monitoring recom-
mended  at  baseline,  day 14 and as clinically indicated 
as the majority of QT prolongation in clinical studies 
occurred within the first 4 weeks of treatment (kisqali-
hcp.com). Although the ESC guidelines suggest baseline 
CV risk stratification for all patients with cancer prior to 
starting treatment, they do not provide comprehensive 
guidance for baseline assessment of CV comorbidities 
or risk when specifically considering CDK4/6 inhibitor 
treatment. Considering the prevalence of CV comorbid-
ities and the frequent use of medications with a risk of 
QTc prolongation observed in our study of patients with 
newly diagnosed HR + /HER2 − mBC, future research is 
needed to better inform CV risk assessment and moni-
toring in those patients receiving CDK4/6 inhibitor 
treatment.

Study limitations
The limitations of this study should also be acknowl-
edged. The specific CV disease could not be deter-
mined if the ICD-9/10 code included multiple diseases, 
and for this reason, pre-existing CV comorbidities with 
similar ICD-9/10 codes were grouped together in the 
analyses (Table  2 and Supplementary Table  1). HR + /
HER2 − status and diagnosis of mBC were based on 
claims data algorithms and not medical records; there-
fore, misclassification was possible and likely impacted 
both groups of patients (those with or without CV 
comorbidities) consistently. Furthermore, claims data 
may have missing data and incomplete capture of 
CV conditions and prescription claims [33–35]. The 
COVID-19 pandemic may have impacted diagnoses 
and treatments in the years 2020 and 2021. As a retro-
spective claims analysis, our study was not designed to 
evaluate clinical outcomes and did not collect data on 

Table 3 Most frequently prescribed medications associated with QTc prolongation in patients with CV comorbidities

CV Cardiovascular, QTc Heart rate-corrected QT interval, TdP Torsades de Pointes
a Drugs that prolong QTc and are clearly associated with a known risk of TdP, even when taken as recommended
b Drugs that can cause QTc prolongation, but currently lack evidence for a risk of TdP when taken as recommended
c Drugs that are associated with TdP, but only under certain conditions of their use or by creating conditions that facilitate or induce TdP

Medications with risk of QTc prolongation used for > 30 days Patients 
with CV 
comorbidities
(n = 4029)

The 5 most frequently prescribed medications with risk of QTc prolongation, n (%)

 Hydrochlorothiazide 1130 (28.0)

 Venlafaxine 434 (10.8)

 Omeprazole 417 (10.3)

 Hydrocodone 402 (10.0)

 Furosemide 323 (8.0)

The 5 most frequently prescribed medications with known risk of  TdPa, n (%)

 Escitalopram 221 (5.5)

 Citalopram 184 (4.6)

 Ondansetron 173 (4.3)

 Injection, ondansetron HCl, per 1 mg 160 (4.0)

 Hydroxychloroquine 106 (2.6)

The 5 most frequently prescribed medications with possible risk of  TdPb, n (%)

 Venlafaxine 434 (10.8)

 Hydrocodone 402 (10.0)

 Tramadol 141 (3.5)

 Injection, palonosetron HCl, 25 mcg 92 (2.3)

 Tizanidine 72 (1.8)

The 5 most frequently prescribed medications with conditional risk of  TdPc, n (%)

 Hydrochlorothiazide 1130 (28.0)

 Omeprazole 417 (10.3)

 Furosemide 323 (8.0)

 Pantoprazole 322 (8.0)

 Sertraline 245 (6.1)
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Table 4 Most frequently prescribed medications associated with QTc prolongation in patients without CV comorbidities

CV Cardiovascular, QTc Heart rate-corrected QT interval, TdP Torsades de Pointes
a Drugs that prolong QTc and are clearly associated with a known risk of TdP, even when taken as recommended
b Drugs that can cause QTc prolongation, but currently lack evidence for a risk of TdP when taken as recommended
c Drugs that are associated with TdP, but only under certain conditions of their use or by creating conditions that facilitate or induce TdP

Medications with risk of QTc prolongation used for > 30 days Patients without 
CV comorbidities
(n = 2496)

The 5 most frequently prescribed medications with risk of QTc prolongation, n (%)

 Venlafaxine 250 (10.0)

 Escitalopram 178 (7.1)

 Hydrocodone 146 (5.8)

 Injection, diphenhydramine HCl, up to 50 mg 137 (5.5)

 Pantoprazole 116 (4.6)

The 5 most frequently prescribed medications with known risk of  TdPa, n (%)

 Escitalopram 178 (7.1)

 Citalopram 98 (3.9)

 Ondansetron 74 (3.0)

 Injection, ondansetron HCl, per 1 mg 43 (1.7)

 Hydroxychloroquine 38 (1.5)

The 5 most frequently prescribed medications with possible risk of  TdPb, n (%)

 Venlafaxine 250 (10.0)

 Hydrocodone 146 (5.8)

 Injection, granisetron HCl, 100 mcg 89 (3.6)

 Injection, palonosetron HCl, 25 mcg 89 (3.6)

 Levetiracetam 40 (1.6)

The 5 most frequently prescribed medications with conditional risk of  TdPc, n (%)

 Injection, diphenhydramine HCl, up to 50 mg 137 (5.5)

 Pantoprazole 116 (4.6)

 Sertraline 113 (4.5)

 Omeprazole 90 (3.6)

 Trazodone 46 (1.8)

Fig. 4 Medications with risk of TdP used for > 30 days. The proportions of patients with or without CV comorbidities who received ≥ 1 medication 
with a known, possible, or conditional risk of TdP are presented. aDrugs that prolong QTc and are clearly associated with a known risk of TdP, even 
when taken as recommended. bDrugs that can cause QTc prolongation but currently lack evidence for a risk of TdP when taken as recommended. 
cDrugs that are associated with TdP, but only under certain conditions of their use or by creating conditions that facilitate or induce TdP. CV, 
cardiovascular; QTc, heart rate-corrected QT interval; TdP, Torsades de Pointes
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Fig. 5 First documented treatment after mBC diagnosis. First documented treatments after mBC diagnosis are presented for patients 
with or without CV comorbidities, stratified by year of mBC diagnosis (2016–2017 or 2018–2022). CDK4/6, cyclin-dependent kinase 4/6; CV, 
cardiovascular; ET, endocrine therapy; mBC, metastatic breast cancer

Fig. 6 First documented treatment after mBC diagnosis: CDK4/6 inhibitors. Among patients with or without CV comorbidities who received 
a CDK4/6 inhibitor as the first documented treatment for mBC (n = 1721), the proportions of those who received palbociclib, ribociclib, 
or abemaciclib are presented. CDK4/6, cyclin-dependent kinase 4/6; CV, cardiovascular; mBC, metastatic breast cancer
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CV events, QTc prolongation, or survival. Lastly, the 
findings presented in this study may not be generaliza-
ble to patient populations not represented in the Mera-
tive Marketscan database, such as those aged > 65 years 
who are receiving patient assistance.

Conclusion
This observational study provides valuable insights into 
the prevalence of pre-existing CV comorbidities and 
first-line treatment patterns among patients with newly 
diagnosed HR + /HER2 − mBC in the United States. The 
findings highlight the common occurrence of CV comor-
bidities in this patient population and the importance of 
considering concomitant use of QT-prolonging agents, 
especially when selecting a CDK4/6 inhibitor. The study 
also demonstrates the increasing use of CDK4/6 inhibi-
tors as first-line treatment over time. Evaluation of CV 
events and survival outcomes weighted for CV comor-
bidities in patients receiving CDK4/6 inhibitors is an area 
of future study that will help inform clinical guidelines 
for CV risk assessment and monitoring.
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