
ORIGINAL RESEARCH
published: 26 October 2020

doi: 10.3389/fcvm.2020.571227

Frontiers in Cardiovascular Medicine | www.frontiersin.org 1 October 2020 | Volume 7 | Article 571227

Edited by:

Carlo Gabriele Tocchetti,

University of Naples Federico II, Italy

Reviewed by:

Giuseppina Novo,

University of Palermo, Italy

Christian Cadeddu Dessalvi,

University of Cagliari, Italy

*Correspondence:

Fei Ma

drmafei@126.com

Yixin Zeng

zengyx@sysucc.org.cn

Specialty section:

This article was submitted to

Cardio-Oncology,

a section of the journal

Frontiers in Cardiovascular Medicine

Received: 02 July 2020

Accepted: 18 September 2020

Published: 26 October 2020

Citation:

Liu B, Xie J, Sun X, Wang Y, Yuan Z,

Liu X, Huang Z, Wang J, Mo H, Yi Z,

Guan X, Li L, Wang W, Li H, Ma F and

Zeng Y (2020) Development and

Validation of a New Clinical Prediction

Model of Catheter-Related

Thrombosis Based on Vascular

Ultrasound Diagnosis in Cancer

Patients.

Front. Cardiovasc. Med. 7:571227.

doi: 10.3389/fcvm.2020.571227

Development and Validation of a New
Clinical Prediction Model of
Catheter-Related Thrombosis Based
on Vascular Ultrasound Diagnosis in
Cancer Patients
Binliang Liu 1, Junying Xie 2, Xiaoying Sun 3, Yanfeng Wang 4, Zhong Yuan 5, Xiyu Liu 6,

Zhou Huang 7, Jiani Wang 1, Hongnan Mo 1, Zongbi Yi 1, Xiuwen Guan 1, Lixi Li 1,

Wenna Wang 1, Hong Li 8, Fei Ma 1* and Yixin Zeng 9,10*

1Department of Medical Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital,

Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 2Department of Management,

Cancer Hospital of Huanxing, Beijing, China, 3Department of Medical Oncology, Cancer Hospital of Huanxing, Beijing, China,
4Department of Comprehensive Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer

Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 5 Vascular Access Center,

Hunan Cancer Hospital/The Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, Changsha,

China, 6Department of Lymphoma and Hematology, Hunan Cancer Hospital/The Affiliated Cancer Hospital of Xiangya

School of Medicine, Central South University, Changsha, China, 7 Key Laboratory of Carcinogenesis and Translational

Research (Ministry of Education/Beijing), Department of Radiation Oncology, Peking University Cancer Hospital and Institute,

Beijing, China, 8Department of Cardiology, Beijing Anzhen Hospital, Capital Medical University, Beijing, China, 9Chinese

Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 10 State Key Laboratory of Oncology in

South China, Sun Yat-sen University Cancer Center, Collaborative Innovation Center for Cancer Medicine, Guangzhou, China

Background: Central venous catheters are convenient for drug delivery and improved

comfort for cancer patients, but they also cause serious complications. The most

common complication is catheter-related thrombosis (CRT).

Objectives: This study aimed to evaluate the incidence and risk factors for CRT in

cancer patients and develop an effective prediction model for CRT in cancer patients.

Methods: The development of our prediction model was based on a retrospective

cohort (n = 3,131) from the National Cancer Center. Our prediction model was

confirmed in a prospective cohort from the National Cancer Center (n = 685) and a

retrospective cohort from the Hunan Cancer Hospital (n = 61). The predictive accuracy

and discriminative ability were determined by receiver operating characteristic (ROC)

curves and calibration plots.

Results: Multivariate analysis demonstrated that sex, cancer type, catheter type,

position of the catheter tip, chemotherapy status, and antiplatelet/anticoagulation status

at baseline were independent risk factors for CRT. The area under the ROC curve of

our prediction model was 0.741 (CI: 0.715–0.766) in the primary cohort and 0.754 (CI:

0.704–0.803) and 0.658 (CI: 0.470–0.845) in validation cohorts 1 and 2, respectively.

The model also showed good calibration and clinical impact in the primary and

validation cohorts.
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FIGURE 2 | Receiver operating characteristic (ROC) curves and calibration plots. (A) ROC curve of the CRT prediction model in the primary cohort. (B) The calibration

plot for the risk of CRT in the primary cohort showed optimal agreement between the prediction and actual observation. The apparent line is the in-sample calibration.

(Continued)
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FIGURE 2 | The bias-corrected line is derived via 1,000 repetitions of bootstrapping. The ideal line represents a perfect prediction (the predicted probability equals the

observed probability). (C) ROC curve of our prediction model in validation cohort 1. (D) The calibration plot in validation cohort 1 also showed optimal agreement

between the prediction and actual observation. The apparent line is the in-sample calibration. The bias-corrected line is derived via 100 repetitions of bootstrapping.

The ideal line represents a perfect prediction (the predicted probability equals the observed probability). (E) ROC curve of the CRT prediction model in validation

cohort 2. (F) The calibration plot for the risk of CRT in validation cohort 2 showed good agreement between the prediction and actual observation. The apparent line is

the in-sample calibration. The bias-corrected line is derived via 40 repetitions of bootstrapping. The ideal line represents a perfect prediction (the predicted probability

equals the observed probability).

FIGURE 3 | Incidence of CRT in different groups. The high-risk group had a

higher incidence of CRTs than the low-risk group in the primary cohort (24.5

vs. 6.4%), validation cohort 1 (26.8 vs. 5.6%), and validation cohort

2 (22.2 vs. 8.0%).

We developed a new clinical prediction model for CRT in cancer
patients. Our novel prediction model was externally validated
in two independent cohorts. Above all, we consider our risk
prediction model to be reliable, and this approach is worth
popularizing in clinical practice.

Potentially serious and life-threatening complications of
CRT could lead to an inability to obtain blood samples, delays
in therapy, prolonged hospitalization, frequent catheter
replacement, and even death (31). Catheter-associated
thrombosis is one of the most important complications.
The incidence of CRT in cancer patients from different
series varies from 2.4 to 61.5%, and the incidence of
symptomatic thrombi also varies widely, from 0.3 to 28%
(4, 5). Our study revealed that the total incidence of
CRT was 12.7% (1.80/1,000 catheter days), consistent with
previous research.

The risk factors for CRT reported in previous studies were
numerous and controversial. A meta-analysis noted that none of
the 25 studies included the same high-risk factors for CRT (32),
showing how difficult it is to establish a CRT prediction model.
Some scholars classified CRT risk factors as follows: patient,
biomarker, treatment, catheter, technical, and vessel related (33).

We found in our research that sex, the type of cancer, the type
of venous catheter used, the CRT position of the catheter tip,
chemotherapy initiated at inclusion, and the antiplatelet
or anticoagulation status at baseline are closely related
to CRT.

Regarding the incidence of CRT in patients with different
types of cancer, we found that patients with thoracic cancer,
gastrointestinal cancers, and hematological cancers were
at a relatively high risk of thrombosis, while the lowest
incidence was observed in patients with urogenital cancer.
Lung cancer, gastrointestinal cancer, and lymphoma were
associated with a high risk of CRT, which was in agreement
with previous findings. However, the risk of CRT in patients
with urogenital cancer was not consistent with that reported in
the literature (16), which may be related to the inconsistency
in the enrollment criteria and the methods of thrombus
detection used.

The advantages and disadvantages of different catheters have
been discussed for a long time. At present, the merits and
demerits of PICCs and CICCs are still controversial. Owing to the
limited evidence available, there is no clear preference between
PICCs and CICCs for treatment in clinical guidelines (4, 5).
In most studies, the use of PICCs was associated with higher
rates of thrombosis (34–36). However, Cai et al. reported the
opposite conclusion (37). Consistent with most previous studies,
our multivariate analysis showed that patients with PICCs are
more than twice as likely to develop thrombosis than patients
with CICCs. Implanted access ports (PORTs) have been another
commonly used device in recent years. The safety of the infusion
port has been widely recognized. Compared with PORTs, PICCs
are associated with a higher risk for catheter-related DVT and
other adverse events (38, 39).

The relationship between the exact tip position of the catheter
and thrombosis has rarely been reported. The tip of the catheter
should be located at the lower third of the superior vena cava,
at the cavoatrial junction, or the upper third of the right atrium.
Improper positioning of the catheter tip is associated with a high
risk of malfunction, venous thrombosis, vessel erosion, visceral
complications, and other complications (34, 40, 41). Our study
found that abnormal catheter positioning was closely related to
thrombosis. Not locating the catheter tip in the superior vena
cava posed three times greater CRT risk than locating the tip
in a proper location. Currently, postoperative standard chest X-
ray is an economical and reliable way to determine the location
of the catheter (4, 5). However, even if the initial position is
correct, mispositioning may occur later for many reasons, such
as obesity, body movements, breathing movements, or variations
in the venous anatomy (congenital or acquired) (42).
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FIGURE 4 | Comparison of ROC curves and net benefits between the Khorana risk score model and the new CRT prediction model. (A) ROC curve of the CRT

prediction model and the Khorana risk score model in the primary cohort. (B) Our new model is the higher line on the decision curve, which indicates that the CRT

(Continued)
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FIGURE 4 | prediction model leads to a higher net benefit than the Khorana risk score model in the primary cohort. (C) ROC curve of the CRT prediction model and

the Khorana risk score model in validation cohort 1. (D) Our new model is the higher line on the decision curve, which indicates that the CRT prediction model leads to

a higher net benefit than the Khorana risk score model in validation cohort 1. (E) ROC curve of the CRT prediction model and the Khorana risk score model in

validation cohort 2. Due to the small sample size of validation cohort 2, there was no significant difference in the area under the ROC between the two groups. (F) Due

to the small sample size of cohort 2, our new model is basically the higher line on the decision curve.

We found that chemotherapy was a risk factor for CRT, which
is consistent with a few previous studies (43, 44). Some articles
have shown that the CRT incidence in patients with parenteral
nutrition is significantly high (45), but a similar conclusion was
not reached in our study. No associations between radiotherapy,
anti-infective therapy, and CRT were observed.

Our study also found that short catheter days may be
protective for CRT. However, this finding could be biased.
Because the catheter was removed ahead of time if a thrombus
was detected, this reduced catheter days. Thus, we did not include
catheter days in the multivariate analyses.

Some high-risk factors that were reported in previous studies
were not identified in this study. For example, BMI, platelet
count, and hemoglobin, which were included in the Khorana
risk score as risk factors for VTE (16), were not associated
with CRT risk in our model. A few recognized high-risk
factors for chronic cardiovascular diseases, such as smoking,
hypertension, and diabetes, have not been identified as high-
risk factors for CRT (46). One possible explanation is that,
unlike cardiovascular diseases, which are caused mainly by long-
term chronic conditions, for patients who have a relatively
short catheterization duration, their risk is closely related to
the primary tumor and characteristics of the catheter itself.
Surprisingly, the D-dimer concentration had no effect on
predicting CRT. Although many studies have agreed that the D-
dimer concentration is positively correlated with symptomatic
DVT, the performance of the CRT prediction model based on
the D-dimer concentration was poor in cancer patients (47). The
main reason for this finding was that the D-dimer concentration
is generally high in cancer patients, especially in patients with
terminal-stage cancer.

As mentioned above, the Khorana risk score is widely used
to predict the risk of VTE in cancer patients. As shown in our
study, the use of the Khorana risk score in assessing CRT risk
is extremely limited. Our risk prediction model showed good
discrimination and calibration. Cancer patients were accurately
divided into a high- or low-risk group. External validation also
confirmed the reliability of our model.

Current guidelines do not recommend routine prophylaxis
with anticoagulants to prevent CRT. The approach of systemic
anticoagulation has not shown any solid evidence of decreasing
CRT incidence (4, 5). Our next research goal may be to evaluate
the benefits of routine prophylaxis in high-risk patients selected
by our model.

This study has several limitations undermining its
generalizability. First, the primary cohort in this open-label
study was from a single center. It is possible that our study does
not reflect the full spectrum of cancer patients. Second, this study
was observational, and whether early interventions, such as

antiplatelet therapy, would have changed the clinical outcomes is
still unknown. Further investigations should be carried out.

CONCLUSIONS

In conclusion, we developed and validated a new risk prediction
model for CRT in cancer patients. It is easy to use and available
as a paper-based nomogram. This simple model was able to
accurately discriminate patients at high and low risks of CRT. The
use of this model could help clinicians make decisions regarding
prophylaxis in cancer patients and provide clues for the early
monitoring and detection of thrombotic events.

“A stitch in time may save nine.”—Thomas Fuller’s Gnomologia,

Adagies and Proverbs, Wise Sentences and Witty Sayings, Ancient

and Modern, Foreign and British, 1732.
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