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1  | INTRODUC TION

Breast cancer is the most commonly diagnosed cancer in women and 
is a leading cause of cancer‐related mortality worldwide. Overall, 6% 

of U.S. patients with breast cancer present with synchronous metas‐
tasis at the time of diagnosis, and almost 30% of all breast cancers 
will progress to metastatic disease.1 Approximately 70% of breast 
cancers are hormone receptor‐ positive,2 and endocrine therapy is 
the preferred initial treatment.3-5 However, acquired resistance to 
endocrine therapy occurs in the vast majority of patients with es‐
trogen receptor‐positive (ER+) mBC.6 The role of cell‐cycle signaling 
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Abstract
Background: Venous thromboembolism (VTE) complicates several anticancer regi‐
mens including chemotherapy and antiangiogenic agents. Cyclin‐dependent kinase 
inhibitors (CDKIs) are a new approach for hormone receptor‐positive metastatic 
breast cancer (mBC). Reported VTE rates in randomized trials range from 0.6% to 
5%, but these may underestimate actual rates observed in clinical practice.
Objectives: Evaluate VTE rate and its association with outcomes in CDKIs patients.
Patients/Methods: We conducted a retrospective cohort study of consecutive mBC 
patients who received any of three Food and Drug Administration (FDA)‐approved 
CDKIs (palbociclib, ribociclib, abemaciclib) from January 2015 through December 2017. 
Venous thromboembolism including deep venous thrombosis (DVT), pulmonary em‐
bolism (PE), and visceral vein thrombosis (VVT) were identified by electronic medical 
record review. Overall survival (OS) and progression‐free survival (PFS) were estimated 
and evaluated for association with VTE using Cox proportional hazard regression.
Results: We included 424 patients, with a median age at diagnosis of 55  years. 
Palbociclib was the most commonly used CDKI (n = 390, 91.8%). Venous thrombo‐
embolism during CDKIs occurred in 38 patients, 6.3% at year 1, including DVT in 
52.6%, PE in 18.5%, and VVT in 15.8%. Median time to VTE was 314 days. Venous 
thromboembolism was associated with a trend to worse PFS and OS in multivariate 
analysis [PFS hazard ratio (HR) 1.40, 95% confidence interval (CI) 0.83‐2.38, P = .21], 
OS (HR 1.70, 95% CI 0.95‐2.98, P = .076).
Conclusions: Venous thromboembolism rates with CDKI treatment in mBC in clinical 
practice are 2‐fold to 5‐fold greater than reported in registration trials and may be 
associated with worse outcomes.
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in both breast cancer oncogenesis and antiestrogen resistance has 
been widely studied7 and considerable data suggest that the uncon‐
trolled formation of cyclin D1 and cyclin‐dependent kinase (CDK) 
4/6 complexes plays a crucial role in breast cancer progression and 
endocrine resistance.8,9 The cyclin‐dependent kinase 4/6 inhibitors 
(CDKIs) ‐ palbociclib, ribociclib, and abemaciclib ‐ represent the lat‐
est advance in the treatment of hormone receptor‐positive mBC. On 
the basis of phase III data showing significant improvements in PFS, 
CDKIs were FDA approved either in combination with endocrine 
therapy (palbociclib, ribociclib, abemaciclib)10-14 or as single agent 
(abemaciclib).15 The CDKIs are well tolerated and safe as a drug class, 
with all CDKIs having different toxicity profiles, which could include 
neutropenia, fatigue, mucositis, and/or diarrhea. Less frequent ad‐
verse events reported in clinical trials include liver enzyme elevation, 
QT prolongation, and VTE).16

Venous thromboembolism is a leading cause of death in cancer 
patients.17 Cancer patients with a VTE event such as DVT), pul‐
monary embolism (PE), or VVT are known to have worse clinical 
outcomes.18,19 The pathophysiology of cancer‐associated throm‐
bosis is complex, partially due to cytokine release in response to 
interactions between tumor cells and macrophages leading to en‐
dothelial damage and activation of coagulation.20 Venous throm‐
boembolism also complicates different types of cancer treatments 
including cytotoxic chemotherapy and antiangiogenic and im‐
munomodulatory agents.21,22 Breast cancer registration trials 
with CDKIs reported an increased rate of VTE versus placebo.23 
However, despite widespread use of CDKI in treatment of mBC 
since initial FDA approval of palbociclib in 2015 and ribociclib and 
abemaciclib in 2017, limited data are available regarding the VTE 
risk. Our primary aim was to evaluate the incidence of VTE in mBC 
patients receiving a CDK inhibitor, and to study its relationship to 
survival outcomes.

2  | METHODS

We performed a retrospective single‐center cohort study of hor‐
mone receptor‐positive mBC patients treated with CDKIs in com‐
bination with endocrine therapy at the Cleveland Clinic Taussig 
Cancer Center from February 2015 to December, 2017. Patients 
were identified through our pharmacy database and their clinical 
data were collected from our electronic medical record system, and 
stored in a secure web‐based server. Consecutive mBC patients 
were included in the population. We excluded men with mBC from 
this analysis because of low numbers. The study protocol was ap‐
proved by Cleveland Clinic Institutional Review Board (IRB). Adverse 
events during treatment were collected, reviewing each patient 
electronic medical record including physician notes, problem list, 
and imaging studies for diagnoses of thromboembolism. Significant 
VTE events (both symptomatic and incidental) were also collected, 
including DVT (upper and lower extremities), PE (segmental, multi‐
ple subsegmental, and isolated subsegmental), and VVT. We only 
included events that were confirmed by imaging studies. Visceral 

vein thrombosis events, defined as thrombosis of the splenic, he‐
patic, portal, mesenteric, renal, and ovarian veins, were included 
in the collection as potentially related to the treatment, but then 
excluded from survival analysis because of the unclear impact on 
outcome in breast cancer patients. Inferior vena cava and iliac vein 
thrombosis were counted as DVT. Venous thromboembolism was 
considered attributable to CDKIs if it occurred within 30 days from 
drug discontinuation. Data collection ended on 15 November 2018.

The incidence rate of VTE was reported as rate per person‐
years. Cumulative incidence of VTE is estimated from the compet‐
ing‐risk method. Overall survival (OS), PFS, and time to VTE were 
summarized by the Kaplan‐Meier method. Visceral vein thrombosis 
was considered a non‐VTE event while testing OS and PFS for pri‐
mary analysis, since its impact on outcome is not clearly defined in 
breast cancer although a separate analysis was conducted includ‐
ing VVT as well as noted in results. Time‐varying Cox proportional 
hazard models with two‐sided Wald test by treating a VTE event 
as a time‐dependent covariate  were  performed. The association 
between outcomes and age (≤65 vs. >65 years), line of treatment 
(first, second, third, and above fourth), and the site of metastatic 
disease (bone, liver, lung, other sites, and multiple sites) was eval‐
uated using the log‐rank test. The same parameters, including the 
parameter VTE, were adjusted in multivariable analysis in the time‐
varying Cox model. We also performed a landmark analysis at 12 
months; VTE events diagnosed after the landmark point were not 
considered in the analysis. The log‐rank tests were used to com‐
pare the survival curves beyond the landmark point. All statistical 
analyses were performed using R version 3.5.0. P value < .05 was 
considered statistically significant.

3  | RESULTS

3.1 | Study population

We identified 450 patients who were prescribed palbociclib, riboci‐
clib, or abemaciclib for advanced or metastatic hormone receptor‐
positive breast cancer during the study period. Eight male patients 
were excluded as well as 18 female patients who never received the 
drug although administering it was planned. Four hundred twenty‐
four females were included in our study population.

Essentials
•	 The risk of VTE in patients receiving CDK inhibitors in a 

real‐world setting is not fully known.
•	 In a cohort study, we found that VTE during CDKI ther‐

apy occurred in 6.3% of patients at 1 year.
•	 Venous thromboembolism was associated with a trend 

to worsened PFS and OS.
•	 The VTE rate during CDKIs in our study is 2‐fold to  

5‐fold greater than reported in registration trials.
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The median age at mBC diagnosis was 55 years (range 27‐85). 
Patient characteristics are shown in Table  1. The overwhelming 
majority of patients (N = 390, 91.9%) were treated with palbociclib. 
Additionally, four patients (0.94%) were treated with ribociclib, three 

(0.71%) with abemaciclib, and 27 patients (6.4%) received more than 
one drug. Of the latter, 20 patients (4.7%) were treated with abe‐
maciclib after palbociclib. Ribociclib after palbociclib (seven patients, 
1.65%) was generally used for poor tolerability but clinical response 
to the former drug. Two patients (0.48%) in this cohort received all 
three agents. Letrozole was the most common concomitant endo‐
crine therapy (N = 231/424, 54.5%), followed by fulvestrant in 37.5% 
of the patients. Other endocrine therapies (anastrozole, tamoxifen) 
were used in 8% of the population (N = 34/424). In our cohort, 57 
patients of 424 (13.6%), were already on anticoagulation for other 
reasons when they started the CDKI therapy. Of those, 43 (75.4%) 
received low‐molecular‐weight heparin, 9 received vitamin K antag‐
onists (15.8%), and 5 were treated with direct oral anticoagulants 
(8.8%). None of those experienced VTE while on anticoagulation.

3.2 | VTE events

During CDKIs therapy (median follow‐up of 18.5 months), 38 of 424 
patients (9%) developed VTE, with 6‐month cumulative incidence of 
4.3% and 1‐year cumulative incidence of 6.3%. Deep vein thrombo‐
sis alone was the most frequent presentation (N = 18, 47.4%). Seven 
patients had a PE (18.4%), and eight developed a VVT (21.1%). Three 
patients had DVT with PE (7.9%) and two had DVT with VVT (5.2%). 
Of those, 13 patients (34.2%) had a positive history of VTE, while 25 
(65.8%) had their first event during CDKIs therapy. More than one 
event during therapy was observed in four patients on 38 (10.5%).

In this cohort, seven patients (18.4%) discontinued the drug 
after VTE and almost all (N = 34, 89.5%) were hospitalized for ini‐
tial management. VTE characteristics during CDKIs are summarized 
in Table  2. The median time to VTE while on CDKIs in our study 
was 314 days (10.5 months), with a cumulative 6‐month incidence 
of 4.3%.

Regardless of CDKIs therapy time frame, 113 of 424 patients 
(26.8%) experienced at least one VTE event during an overall median 
follow‐up of 42.6  months (from date of metastatic disease to last 
follow‐up or death). The most commonly observed VTE event was 

TA B L E  1   Patient characteristics (N = 424)

Characteristic Number (%)

Age, year

<45 110 (25.9)

46‐55 119 (28)

56‐65 106 (25)

>65 89 (21.1)

Ethnicity

White 349 (82.3)

Black 53 (12.6)

Hispanic 10 (2.3)

Other 12 (2.8)

Menopausal status

Pre 18 (4.3)

Post 406 (95.7)

Tumor features

Ductal 242 (57.1)

Lobular 62 (14.6)

PgR negativity 58 (13.7)

Her2 positivity 16 (3.8)

First site of metastasis

Bone 168 (39.6)

Other 24 (5.8)

Liver 26 (6.1)

Lung 48 (11.3)

Brain 3 (0.7)

Multiple sites 155 (36.5)

Line of treatment

First 153 (36.1)

Second 108 (25.6)

Third 52 (12.2)

Fourth or more 111 (26.1)

Endocrine therapy associated

Letrozole 231 (54.5)

Fulvestrant 159 (37.5)

Other 34 (8.0)

Current status

Dead 192 (45.5)

Alive 232 (54.5)

Patients already on anticoagulation

VitaminK antagonists 9 (2.1%)

Direct oral anticoagulants 5 (1.2%)

Low‐molecular‐weight heparin 43 (10.2%)

TA B L E  2   Venous thromboembolic events during cyclin‐
dependent kinase inhibitors

VTE events Number (%)

Site of event

DVT 18 (47.4)

PE 7 (18.4)

VVT 8 (21.1)

DVT + PE 3 (7.9)

DVT + VVT 2 (5.2)

Number of events

1 34 (89.4)

2 4 (10.6)

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; 
VVT, visceral vein thrombosis.
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DVT in 56 patients (49.5%), followed by PE in 33 (29.2%), and DVT 
+ PE in 14 patients (12.4%). Visceral vein thrombosis occurred in 15 
patients (13.3%). Among patients with documented VTE, 23 patients 
(20.4%) had two VTE events, and five (4.4%) had more than two; the 
second event was a DVT in 18 patients (64.2%), PE in 5 (17.8%), and 
VVT in 2 (7.1%).

3.3 | Other adverse events

Excluding thrombotic events, in our cohort 234 patients (55.1%) had 
at least one adverse event. As expected, the most common toxicity 
was neutropenia or other hematological toxicities, which affected 
half of the population (N = 210, 49.5%). Significant fatigue was ex‐
perienced by 42 patients (9.9%). On the other hand, 190 patients 
(44.9%) did not have any adverse events. Dose reduction occurred 
in 119 patients (28.1%), and only 40 of the total (9.4%) discontinued 
therapy because of toxicities. Almost 60% of the total (N = 254) had 
progressive disease during CDKIs while 109 patients (25.7%) were 
still on treatment. After progression, 235 patients (55.4%) received 
another treatment, and 80 (18.9%) moved to palliative care, reflect‐
ing initial CDKI use in a heavily pretreated setting. At time of com‐
pletion of data collection, 232 patients (54.7%) were still alive.

3.4 | Survival

Progression‐free survival and OS were analyzed and we found an es‐
timated PFS on CDKI therapy of approximately13.4 months and an 
estimated median OS of 27.7 months. Overall survival and PFS were 
compared between patients with and without VTE; comparison re‐
vealed a trend toward worse PFS and OS in univariable analysis [PFS 
(HR 1.25, 95% CI 0.73‐2.14, P = .42), OS (HR 1.60, 95% CI 0.89‐2.87, 
P = .12)] and in multivariable analysis adjusted by other clinical fac‐
tors (age, line of treatment, and site of metastatic disease): PFS (HR 
1.40, 95% CI 0.83‐2.38, P  =  .21), OS (HR 1.70, 95% CI 0.95‐2.98, 
P  =  .076). Including VVT as VTE, the results are slightly different 
[PFS (HR 1.17, 95% CI 0.85‐1.61, P = .34) and OS (HR 1.01, 95% CI 
0.69‐1.50, P = .94)]. Furthermore, we performed a landmark analysis 
with a cutoff point at 12 months for PFS and OS (Figures 1 and 2).

4  | DISCUSSION

We performed a retrospective cohort trial evaluating VTE in mBC 
patients treated with CDKIs and found a cumulative incidence of 
6.3% at 1 year, which is higher compared to previous reports in reg‐
istration trials.10-14 Many factors may influence overall survival in 
metastatic breast cancer and we found a trend toward worse PFS 
and OS in patients who experienced VTE on CDKI.

Palbociclib, ribociclib, and abemaciclib are currently used in com‐
bination with endocrine therapy because of the significantly longer 
median PFS compared to endocrine therapy alone.24 They are gen‐
erally considered safe and well tolerated. Neutropenia is the most 
commonly observed toxicity but is not associated with an increased 

risk of febrile neutropenia or sepsis.25 In a recent study from Varella 
et al 57.7% of patients treated with palbociclib experienced G3 or G4 
neutropenia, but no case of febrile neutropenia occurred and only 
31 patients of 411 (7.6%) discontinued the drug for unacceptable 
toxicity.26 Fatigue and diarrhea (especially for abemaciclib) are also 
observed. However, growing attention is paid to their thromboem‐
bolic risk and potential caveats are arising from clinical trials.23

The relevance and the magnitude of VTE in cancer populations 
is extremely high, since it affects survival across all cancer types, 
increases health costs, and worsens quality of life of patients.17,18,27 
Looking at CDKIs trials, reported VTE rates are around 5% in the 
phase II study PALOMA‐128 significantly higher than in the con‐
trol group. In the subsequent phase III trial (PALOMA‐2), however, 
the incidence was lower (1.4% vs. 0.9%) without any further warn‐
ing.10 Similarly, PE was a dose limiting toxicity for ribociclib during 
the phase I trial,29 whereas MONALEESA‐2 (phase III trial) did not 
show an increased risk (0.6% vs. 0%).12 Hence, regulatory agencies 
such as the FDA and European Medicines Agency (EMA) do not 
currently provide any warning for thromboembolic complications 

F I G U R E  1   Kaplan‐Meier curve for landmark analysis 
(overall survival) at 12 months
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F I G U R E  2   Kaplan‐Meier curve for landmark analysis 
(progression‐free survival) at 12 months
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during palbociclib or ribociclib therapy. Clinical trials for the third 
CDKI, abemaciclib (MONARCH‐2 and MONARCH‐3),13,14 showed a 
VTE rate among 4.6% to 5% in the study arm compared to 0.6% to 
0.9% in the placebo group. Hence the label for abemaciclib includes 
a VTE warning.30

There is increased awareness about the risk of VTE with CDKIs. 
Watson et al31 analyzed 66 patients treated with palbociclib look‐
ing specifically at neutropenia and compliance with complete blood 
count monitoring guidelines. However, collecting adverse events, 
they found a VTE rate around 11%, consistent with our findings. We 
included a larger population (N = 424) and all three CDKIs but, as 
described, 92% of patients were treated with palbociclib, both for 
the clinical routine and for the study period (starting from 2015).

In 2018, an editorial from Olson et al32 highlighted concerns for 
VTE on CDKIs. The pathophysiological basis for higher VTE risk in this 
setting is not clearly understood. It is known that some differences are 
present among the three different agents. Abemaciclib, in fact, is much 
stronger in inhibiting CDK4 compared to palbociclib and ribociclib,33 
the reason why it has a slightly different toxicity profile with a higher 
incidence of diarrhea. Similarly, VVT and unusual site thrombosis have 
previously been reported with abemaciclib use.30 However, in our co‐
hort one fifth of the patients had VVT, and those events occurred in a 
90% palbociclib population, suggesting a correlation across all CDKIs 
and therefore a class effect. Further studies regarding the connection 
between mechanism of action and pathophysiology of cancer‐associ‐
ated thrombosis are required to understand this phenomenon better.

The observed median time to VTE was approximately 10 months, 
in contrast with other CDKIs toxicity. Neutropenia, for instance, typ‐
ically occurs during the first three cycles of treatment. Similarly, diar‐
rhea is most frequently observed in the first cycle of treatment, with 
a median onset between 6 and 8 days.34,35 Patients starting a CDKI 
should be educated regarding suggestive symptoms such as sudden 
leg swelling or shortness of breath. In our cohort, only 7 patients 
discontinued the drug after VTE, but almost all (35 on 38) were hos‐
pitalized for initial management.

We tried to analyze tumor‐related and patient‐related features 
correlated to VTE occurrence, but we did not find any statistically 
significant associations. Venous thrombombolism was numerically 
associated with high‐grade tumors (G2‐G3) which represented 70% 
of the total. In addition, in our cohort more than one‐third of patients 
(34.2%) had at least one former VTE event before starting the drug. 
With caution due to low numbers, positive history for VTE may be a 
baseline characteristic to consider for these patients, in view of the 
lack of other specific risk factors.

We included in the study premenopausal women (around 5%), 
reflecting epidemiology of the disease and current clinical practice. 
The FDA current approval is limited to postmenopausal patients, ex‐
cept for ribociclib. Of those patients, only one (5.5%) experienced 
VTE. Premenopausal breast cancer patients are frequently treated 
with tamoxifen, which has a well‐defined prothrombotic risk. Some 
data suggest a synergism between CDKIs and tamoxifen36 and 
many trials are ongoing combining those drugs (NCT03423199, 
NCT02668666, NCT02603679, NCT02384239, NCT02747004), 

although their association could be potentially unsafe because of 
the increased prothrombotic risk. By now, the only data on this as‐
sociation are from MONALEESA‐7, a phase III trial including a pre‐
menopausal cohort treated with ribociclib plus tamoxifen, with no 
VTE events reported.37

Regarding the impact of VTE on survival in metastatic breast 
cancer patients receiving CDKIs, we found a trend to worse out‐
come in PFS and OS both in univariate and in multivariate analyses. 
In survival analyses, VTE is a time‐dependent event and can lead 
to immortal time bias.38 To prevent this bias, we additionally per‐
formed a landmark analysis at 12 months. Our findings suggest that 
the occurrence of VTE in the initial 12‐month period may impact OS 
and PFS and this deserves attention in future studies validating our 
findings. These results are consistent with the current knowledge 
that VTE is a negative prognostic factor across various cancers.17

Our study has two major limitations. First, it was a single‐insti‐
tution retrospective study, and the population overwhelmingly re‐
ceived palbociclib. Second, we did not exclude patients who were 
already on anticoagulation for other reasons, and this could poten‐
tially underestimate the true incidence of VTE on CDKI therapy 
since none of the patients already on anticoagulation developed a 
VTE. Thromboprophylaxis in cancer outpatients remains controver‐
sial. According to the Khorana score,39 the most well‐validated VTE 
prediction model endorsed by ASCO, patients with ≥2 points have a 
1‐year VTE risk of 8%, but no definitive data are available to suggest 
routine thromboprophylaxis.40 Breast cancer is not listed as high risk 
in the Khorana score, but several studies have reported the monthly 
VTE rate in metastatic breast cancer to be approximately 0.7%.41 
Our study was consistent with this result, since VTE events occurred 
in almost one‐third of patients in their medical history, suggesting 
that other features could contribute to move these patients into a 
higher risk category, and perhaps including CDKIs therapy as well.

Direct oral anticoagulants are widely used for VTE treatment in 
cancer populations42-44 and recent studies evaluated their role in 
prophylaxis as well. CASSINI and AVERT45,46 trials included small 
numbers of breast cancer patients (2% for CASSINI), and currently 
no data are available about pharmacological interactions between 
direct oral anticoagulants and CDKIs. There are several ongoing 
trials testing CDKI in early‐stage breast cancer [NCT02513394, 
NCT03285412, NCT03155997], and it will become crucial to have a 
better knowledge of their prothrombotic role.

To conclude, our retrospective study found that VTE affected 
nearly 10% of breast cancer patients receiving CDKIs, a rate 2‐fold 
to 5‐fold greater than reported in registration trials, reflecting clinical 
practice where patients are generally older and have greater comor‐
bidities. Further investigations are required to highlight pathophysi‐
ology, risk factors, and benefit of thromboprophylaxis.
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