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Background: Current predictive tools assess catheter-related thrombosis (CRT) in
patients with lung cancer in a static manner at a single time point of catheterization. The
subsequent hazard changes over time are unknown. The conditional catheter-related
thrombosis-free probability (CCFP) can provide dynamic information on continual CRT-
free expectations. This study aimed to assess the CCFP and hazard rates based on risk cat-
egories and various venous access devices (VADs).

Methods: This retrospective study reviewed 939 patients with lung cancer with
peripherally inserted central venous catheters (PICCs) or central venous catheters
(CVCs) identified at the National Clinical Research Center for Cancer between
January 1, 2015 and December 31, 2018. The incidence of CRT has also been
reported. Patients were stratified into low- and high-risk groups according to mul-
tivariate Cox regression analyses. CCFP is defined as the CRT-free probability
given that patients have no CRT for a definite time.

Results: A total of 507 patients with PICCs and 432 patients with CVCs were included in
this study. The 3-month CCFP increased from 74.2% at catheter insertion to 93.6% at
3 months. The hazards of CRT in the first month were highest (16.4%) and slightly there-
after. The high-risk group initially had a higher (21.4%) but significantly decreased CRT
hazard after 2 months (8.3%), whereas the low-risk group maintained a comparable lower
risk hazard of less than 5% after 1 month. In the overall cohort, patients with CVCs had
lower CRT probability than those with PICCs (HR, 1.76; 95% CI: 1.28-2.41; p < 0.01).
Further analysis demonstrated that compared with PICCs, CVCs provided a CRT-free
benefit in low-risk patients (p = 0.02) but not in high-risk patients (p = 0.06).
Conclusions: CCFP increased, and the hazards of CRT decreased over time in a risk-
dependent manner in patients with lung cancer. These valuable dynamic data may
help optimize risk-adjusted choices of VADs and risk-adjusted prophylactic anti-
coagulation strategies for patients.
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INTRODUCTION

Lung cancer is the most deadly cancer worldwide.' In China,
the number of cases accounts for more than one-third of newly
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diagnosed lung cancers worldwide each year.” Central vascular
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access devices are essential for the treatment of patients with
lung cancer. At present, peripherally inserted central venous
catheters (PICCs) are commonly used because of their minimal
trauma, reliability, safety, and long retention time.>* The appli-
cation of PICCs has been criticized because of the prohibitive
risk of venous thromboembolism (VTE). VTE is known to
have a detrimental effect on the quality of life and survival of
patients with cancer.” The incidence of PICC-related VTE in
patients with cancer ranges from 3.0% to 71.9% between the
published series.>” This may be related to the heterogeneity of
studies, such as the types of cancers and diagnostic techniques.
Multiple studies have compared PICCs with various other
venous access devices (VADs) to select the most appropriate
VADs in different clinical scenarios.®’ Several systematic
reviews have indicated that PICCs are associated with a higher
risk of VTE than central venous catheters (CVCs).” The opti-
mal choice of VADs remains to be determined for patients
with lung cancer.

It has been reported that more than 90% of catheter-related
thrombosis (CRT) occur within 3 months after catheteriza-
tion." Because of disease heterogeneity, the identification of
patients with cancer with VADs who are most likely to benefit
from anticoagulant prophylaxis and effective treatment to
reduce the risk of CRT are urgent problems. Several predictive
tools have been developed to predict CRT risk in patients with
cancer."" ™ Yet, part of the risk covariates in these models were
not fit for patients with lung cancer. However, current predic-
tive tools assess CRT in a static manner at a single catheteriza-
tion time point. The subsequent hazard changes over time in
various risk groups of patients with lung cancer are unknown.
The uncertainty of CRT risks for patients with lung cancer
without CRT for several days since catheterization can poten-
tially affect clinical decision-making.

Time-dependent statistics reflect real-time changes in the
risk at a given time point. Conditional CRT-free probability
(CCFP) and monthly hazard correspondingly convey the CRT-
free probability and monthly event rate, given that patients
have no CRT for a defined time. These dynamic methods have
been used in various cancers to assist physicians in making
optimal treatment decisions or establishing effective surveil-
lance schedules but have never been established for CRT in
patients with lung cancer.'*'> Using the updated database from
the National Clinical Research Center for Cancer in China, we
identified lung cancer patients with PICCs or CVCs and
assessed the conditional CRT-free state in the entire cohort and
for various risk categories. These data could be used to better
understand the CRT process, provide more accurate predic-
tions of CRT, and provide evidence for risk-adjusted prophy-
lactic anticoagulation strategies.

METHODS
Patients

The cohort consisted of patients with lung cancer treated at the
National Cancer Center/National Clinical Research Center for
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Cancer/Cancer Hospital, Chinese Academy of Medical Sci-
ences, and Peking Union Medical College between January
1, 2015 and 31 December 31, 2018. The inclusion criteria were
as follows: (1) age 218 years and (2) pathological diagnosis of
lung cancer. (3) Underwent PICC or CVC in our hospital and
received systematic therapy, and (4) underwent vascular Dopp-
ler ultrasound examination during PICC or CVC placement.
The exclusion criteria were as follows: (1) patients who were
already receiving anticoagulant therapy at the time of PICCs or
CVCs placement, (2) inability to obtain complete basic infor-
mation of patients, and (3) pregnant or lactating patients;
939 patients with lung cancer were eligible based on the above
criteria.

The modified Seldinger technique with ultrasound guid-
ance was used for VADs placement. After catheterization, the
direction of the catheter and position of the catheter tip were
confirmed by chest radiography. Routine catheter care was pro-
vided by a professional team once or twice per week for all
patients. VTE diagnosis was mainly based on vascular ultraso-
nography. Doppler ultrasound and color imaging (GE
LOGIQTM E9; Philips) were used in this analysis. Each ultra-
sound report was evaluated by the same team. On ultrasound
examination, the CRT showed a low-echo area in the lumen of
the blood vessel, presenting as a mass. The lumen did not dis-
appear after pressure application, and there was no blood flow
signal.'®

The study was approved by the National Cancer Center/
Cancer Hospital, the Chinese Academy of Medical Sciences,
and the Peking Union Medical College. The institutional
review boards waived the need for informed consent because
the patient data were deidentified in the data set.

Risk-dependent conditional CRT-free
probability and monthly hazards over time

We determined whether the conditional CRT-free probability
and monthly hazard varied among risk groups. According to
previous studies, sex,'”” age,'® smoking,'’ vascular endothelial
growth factor inhibitor (VEGEI),”**' chest radiotherapy,”
chemistry,” D-dimer,”* catheter type,>*® stage,”” catheter
insertion site®® and VTE history'""*! were included in the mul-
tivariate analysis in this study. Accordingly, we stratified
patients with lung cancer by catheterization into low- and
high-risk groups.

Statistical analysis

With extensions of the concept of conditional survival, condi-
tional CRT-free probability (CCFP) was defined as the probabil-
ity of a CRT-free state for an additional number of days, given
that the patient has already been without CRT for a certain
number of days. For example, the 3-month CCFP at 1 month
was the conditional probability of a CRT-free state for an addi-
tional 3 months (i.e., CRT-free state to 4 months after catheter
insertion) given that the patient had no CRT for 1 month.
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The CRT-free probability was estimated using the Kaplan-
Meier method and compared using the log-rank test. Cox
proportional hazards regression analyses used CRT-free proba-
bility as the dependent variable to identify potential indepen-
dent clinical CRT risk factors. Statistical significance was set at
p < 0.05 (2-sided) and was considered to be statistically signifi-
cant. Monthly hazards were calculated as the monthly number
of events divided by the total follow-up time accumulated by
the at-risk patients in that month. Hazard rate curves were
smoothed by applying an Epanechnikov kernel.” All statistical
analyses were performed using SPSS (version 23.0; IBM Inc.)
and R version 3.2.1 (R Foundation for Statistical Computing).

RESULTS
Cohort characteristics

In total, 939 patients were included in this study. 184 (19.6%)
CRT were recorded in this study. The clinical characteristics of
the cohort are shown in Table S1. The male to female ratio
was 2.2:1; 227 patients (24.2%) were 265 years, 802 (85.4%)
had stage III-IV disease, 25 (2.7%) had a VTE history, and
568 (60.5%) had a smoking history, 271 (28.9%) had D-dimer
level 21.0 mg/l FEU, 373 (39.7%) received chest radiotherapy
and 69 (7.4%) received VEGEFI therapy. A total of 507 patients
(54.0%) used PICC and 432 patients (46.0%) used CVC
(Table 1).

Conditional CRT-free probability and monthly
hazards overtime for the entire cohort

The 3-month CCFP at catheter insertion was 74.2% (95%
CIL: 70.3%-77.6%). The CRT-free probabilities for the CCFP
increased with each additional month. The 3-month CCFP
increased to 84.8% (95% CI: 80.1%-88.4%) for 1-month
patients without CRT, 88.7% (95% CI: 81.2%-93.3%) for
2 months patients without CRT, 93.6% (95% CI: 84.9%—
97.3%) for 3 months patients without CRT (Figure la,
Table S1). The 3-month CCFP showed the greatest increase
in the first month after catheter insertion (Figure 1b).

Smoothed hazard plots illustrated the dynamics of the
monthly hazards of CRT (Figure 1c) and provided more
detailed information on instantaneous risk than the Kaplan-
Meier curves. The monthly hazard of CRT in the first month
was the highest (16.4%), but the hazards decreased in the first
3 months. From month 4 onwards, the CRT hazards decreased
to 3.3%.

Risk-dependent conditional CRT-free
probability and monthly hazards over time

Multivariate analyses showed that chest radiotherapy,
D-dimer >1.0 mg/l FEU, male sex, and VEGFI were identi-
fied as independent predictors for CRT (Figure 2). The
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TABLE 1 Clinical characteristics of the overall cohort of lung cancer
patients with VADs

Characteristics Number (%)
VEGFI

Yes 69 (7.4)

No 870 (92.6)
Smoking

Yes 568 (60.5)

No 371 (39.5)
Male

Yes 644 (68.6)

No 295 (31.4)
Chest radiotherapy

Yes 373 (39.7)

No 566 (60.3)
Insertion side

Left 312 (33.2)

Right 627 (66.8)
D-dimer

>1.0 mg/l FEU 271 (28.9)

<1.0 mg/l FEU 668 (71.1)
Age

265 years 227 (24.2)

<65 years 712 (75.8)
Stage

I-1I 137 (14.6)

III-1v 802 (85.4)
VTE history

Yes 25 (2.7)

No 914 (97.3)
Chemistry

Yes 707 (75.3)

No 232 (24.7)
VADs

PICC 507 (54.0)

cve 432 (46.0)
Catheter days

0-30 days 283 (30.1)

31-60 days 342 (36.4)

61-90 days 127 (13.5)

91-436 days 187 (20.0)
CRT

Yes 184 (19.6)

No 755 (80.4)

Abbreviations: CRT, catheter-related thrombosis; CVCs, central venous catheters;
PICC, peripherally inserted central venous catheter; VADs, venous access devices;
VEGFI, vascular endothelial growth factor inhibitor; VTE, venous thromboembolism.

patients were stratified into low- and high-risk groups based
on these four independent risk factors. Patients in the low-
risk group (defined as 0-1 risk factor) had better outcomes
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FIGURE 1 Conditional CRT-free probability and monthly hazard of

CRT for lung cancers patients with VADs. (a) Conditional CRT-free
probability curves as a function of the number of months without CRT
since catheter insertion. (b) 3-month conditional CRT-free probability as a
function of the number of months without CRT since catheter insertion.
(c) Smoothed hazard plots for monthly rate of CRT after catheter insertion.
CCFP, conditional CRT-free probability; CRT, catheter-related thrombosis;
VADs, venous access devices.

than those in the high-risk group (defined as 2-4 risk fac-
tors) (p < 0.01, Figure 3a).

Each risk group achieved significantly different 3-month
CCFP after catheter insertion, with rates of 81.8% (95% CI:

77.1%-85.6%) in the low-risk group and 64.0% (95% CI:
57.2%-70.0%) in the high-risk group (p < 0.01), suggesting
excellent discrimination (Figure 3a). 3-month CCFP
increased mainly in the high-risk group over time but
remained excellent in the low-risk group (Figure 3b,
Table S1). However, high-risk patients consistently
maintained inferior CCFP compared with low-risk patients
at any time point (Figure 3b, Table S1).

Patients in the low-risk group were constantly at a lower
risk. Monthly CRT hazard was 12.1% for CRT in the first
month. From month 2 onwards, the CRT hazards decreased to
4.2% (Figure 3c). Initially, high-risk patients had a higher risk.
The monthly CRT hazards were 21.4% for CRT in the first
month, which then decreased to 16.9% after 1 month. How-
ever, from month 3 onwards, the CRT hazards decreased to
8.3% (Figure 3c).

Risk-dependent CRT-free benefit according
to various VADs

We then determined whether various VADs were associated
with CRT. In the overall cohort, the CRT-free probability
for patients with CVCs had better outcomes than those with
PICCs (HR 1.76; 95% CI: 1.28-2.41; p < 0.01) (Figure 4a).
After risk stratification, no difference was found in CRT-free
probability between patients with PICCs and CVCs in the
high-risk group (HR 1.50; 95% CI: 0.99-2.29; p = 0.06)
(Figure 4c). However, the CRT-free probability for patients
with CVCs was significantly better than those with PICCs in
the low-risk group (HR 1.77; 95% CI: 1.09-2.89; p = 0.02)
(Figure 4b).

In the low-risk group, CVCs were associated with an
increase in CCFS compared to PICCs at 1 month (p = 0.049,
Figure Sla) and 2 months (p = 0.026, Figure S1b), but this
benefit was not significant at 3 months (p = 0.752, Figure 1c).
However, in the high-risk group, no difference was found in
the CCFP at 1 month (p = 0.527, Figure S1d), 2 months
(p = 0.214, Figure Sle), and 3 months (p = 0.690, Figure SI1f).
These findings suggest a risk-dependent dynamic change in
the CCFP according to the VADs.

DISCUSSION

The use of VADs has become a routine part of the manage-
ment of patients with cancer, such as the administration of
chemotherapy and parenteral nutrition.”** With the develop-
ment of VADs, multiple studies have focused on the complica-
tions of catheter-related thrombosis.""™*>***" Thrombosis is
recognized to have a detrimental effect on the quality of life
and survival of patients with cancer.” However, the current
predictive factors or tools assess CRT in a static manner at a
single time point of catheterization. The subsequent hazard
changes over time in various patient risk groups are not fully
understood. In this cohort of patients with lung cancer with
VADs, the CRT-free probability increased, whereas the hazards
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Variables

VEGFI (yes vs no ) —_—
Smoking (yes vs no) —_—

Sex ( male vs female ) -
Chest radiotherapy ( yes vs no ) —_—
Insertion side ( left vs right ) ——

D-D (21.0 mg/L FEU vs <1.0 mg/L FEU ) —

Age ( 2 65 years vs < 65 years ) N

Stage ( -1V vs I-II) -

VTE history (yes vs no)

Chemistry (yes vs no) PR

PICC vs CVC -

0.5 1 1.5 2.0 25

Hazard ratio

of CRT decreased with time. Further analysis demonstrated
that low- and high-risk patients had an initially higher but sig-
nificantly decreased risk of CRT over time, whereas low-risk
patients had a consistently lower risk of CRT than high-risk
patients at any time point. Compared with PICCs, CVCs
provided a CRT-free benefit in low-risk patients but not in
high-risk patients. Within each risk group, time-dependent
CRT-free probabilities and hazards after catheter insertion
showed similar risk-dependent patterns across different VADs.
These findings add to the accuracy of continuous estimates of
CRT after catheter insertion and provide a rationale for risk-
adapted choices of VADs and risk-adjusted prophylactic anti-
coagulation strategies in this population.

CRT has been recognized to affect the long-term curative
effect of cancer treatment and even endanger a patient’s life. In
this study, we introduced a conditional approach to reflect
time-dependent changes in the probability for patients with
lung cancer with VADs. The conditional CRT-free probability
increased greatly in the first month and slightly thereafter. This
result was similar to the previous studies, which suggested that
1 month after catheter insertion was the time of high incidence
of CRT." The low hazards of CRT after 3 months suggest that
late CRT rarely occur after catheter insertion. These results are
consistent with the study of Lin et al, which suggested that
more than 90% of CRT occurred within 3 months after cathe-
ter insertion.'” From a dynamic standpoint, this finding sug-
gests that a longer period of CRT-free probability was
associated with an increased probability of a further CRT-free
state. The absence of CRT over a 3-month landmark was asso-
ciated with an excellent long-term CRT-free state after catheter
insertion for patients with lung cancer in this cohort.
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HR ( 95%Cl ) P Value FIGURE 2 Forest plot showing
independent predictors for CRT in lung

2.18 (1.34-3.56 ) 0.002 cancer patients with VADs. Results suggest
that chest radiotherapy, high level of
D-dimer, male, PICC and VEGFI were

1.03 (0.68-1.57 0.891

( ) identified as independent predictors for CRT

in lung cancer patients. CRT, catheter-related

1.71(1.06-2.74) 0.027 thrombosis; CVC, central venous catheter;
D-D, D-dimer; PICC, peripherally inserted

1.74 (1.24-2.46) 0.001 central venous catheter; VADs, venous access
devices; VEGFI, vascular endothelial growth

0.83(0.61-1.12) 0.223 factor inhibitor; VTE, venous
thromboembolism.

1.41 (1.04-1.91) 0.029

1.17 (0.83-1.63) 0.367

1.31(0.84-2.05) 0.230

0.83 (0.26-2.65) 0.749

1.11(0.75-165)  0.591

1.45(1.02-2.07) 0.037

There have been previous studies on risk prediction models
for CRT.'**"** However, some of the risk covariates in these
models were unsuitable for lung cancer patients. In addition,
these analyses were based on proportional hazard models and
implicitly assumed a constant risk of covariates. Data on how
individual states evolve over time after catheter insertion are
lacking. In this study, multivariate analyses suggested that
D-dimer >1.0 mg/l FEU, VEGF], chest radiotherapy, and male
sex were identified as independent predictors for CRT in
patients with lung cancer with VADs.'”***>** This result is
similar to that of Hao et al. suggesting that D-dimer level could
be used as a predictor for CRT.”> The study of Kiuru et al.
showed that the role of VEGFI might include direct endothelial
cell injury, induced platelet aggregation, and activation of
FcyRIla platelet receptors.”* However, platelet aggregation led
to a blood hypercoagulable state and thrombosis in susceptible
patients, and its effect depends on FcyRIIa platelet receptors.”
In the study by Verso et al, the association between chest
radiotherapy and CRT in patients with cancer was also
observed.*” This association is probably due to endothelial acti-
vation induced by radiotherapy, which acts synergistically with
the endothelial damage associated with the catheter dwell in
determining the local activation of the coagulation cascade.
Based on these four independent risk factors, patients with
lung cancer were stratified into low- and high-risk groups. The
conditional CRT-free probability improved clearly in the high-
risk group patients over time. In contrast, conditional CRT-free
probability remained excellent (>80%) in low-risk group
patients.

Patients in the high-risk group were more likely to
undergo early CRT, especially in the first 2 months.
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CRT-free probability at catheter insertion in low- and high-risk groups.
(b) 3-month conditional CRT-free probability over time in low- and
high-risk groups. (c) Smoothed hazard plots for monthly rate of CRT in
low- and high-risk groups. CCFP, conditional CRT-free probability;
CRT, catheter-related thrombosis.

However, from month 3 onwards, the monthly hazards
decreased over time, resulting in comparably low hazards
(<10%) in the high-risk group patients. Conversely, patients

FIGURE 4 Kaplan-Meier curves of CRT-free probability by PICCs
and CVCs in each risk group. (a) Kaplan-Meier curves of CRT-free
probability for patients with PICCs and CVCs. (b) Kaplan-Meier curves of
CRT-free probability for patients with PICCs and CVCs in low-risk groups.
(c) Kaplan-Meier curves of CRT-free probability for patients with PICCs
and CVCs in high-risk groups. CFP, CRT-free probability; CRT, catheter-
related thrombosis; CVCs, central venous catheters; PICC, peripherally
inserted central venous catheters; VADs, venous access devices.
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in the low-risk group had a comparably lower risk of CRT.
From month 2 onwards, the CRT hazards decreased to less
than 5% in low-risk group patients. Consequently, all
patients attained an equivalent favorable CRT-free probabil-
ity (>85%) after 3 months, regardless of their initial risk cat-
egory. Accordingly, we introduced a new term for a
comparatively lower risk to low-risk patients (with 0-1 risk
factor) and initially higher risk to high-risk patients (with
2-4 risk factors) who had more hazards at catheter insertion
but reduced hazards during follow-up.

In the overall cohort, patients with CVCs had a lower CRT
probability than those with PICCs. These results are consistent
with those of previous studies.’®” Further analysis demon-
strated that there was no difference in the CRT-free probability
between patients with PICCs and CVCs in the high-risk group.
In contrast, the CRT-free probability for patients with CVCs
was significantly higher than that for patients with PICCs in
the low-risk group. However, in the low-risk group, CVCs were
associated with an increase in CRT-free probability compared
with PICCs at 1 and 2 months, but this benefit was not signifi-
cant at 3 months. These results indicated that in the high-risk
group, the types of VADs were not the main factors affecting
the occurrence of CRT, whereas, in the low-risk group, the rela-
tionship between patients with PICCs and the occurrence of
early CRT was clear but not obvious over 3 months.

This study had several implications for clinical practice.
These results suggest that the first 3 months after catheter
insertion is a critical period, especially in the first month, war-
ranting routine ultrasound examination. Regardless of the
VADs type, initially, higher-risk patients may require more
intensive surveillance during the first 3 months and an appro-
priately reduced follow-up frequency after 3 months. However,
low-risk patients require more intensive surveillance during the
first month, especially those with PICCs, followed by less fre-
quent follow-up. However, the prevention of CRT should be
initiated. Previous studies support the use of low-molecular-
weight heparin and daily handgrip exercise with an elastic ball
for patients at high risk of CRT.”®* These methods may be
used in clinical practice to facilitate blood circulation after cath-
eter insertion.

This study had several limitations. First, the population
in our study was probably heterogeneous, with low rates of
patients being treated with VEGFI. Second, this was a
single-center retrospective study with inherent limitations,
such as potential confounding factors or validation. Our
study might not reflect the full spectrum of patients with
lung cancer. Thus, a multicenter large-scale collaborative
study is required for further verification. Third, we only
assessed CCFP and hazard rates in patients with lung can-
cer. Other cancers were analyzed in a further study.

In conclusion, these findings suggest that risk-dependent
changes in CRT-free probability over time in patients with
lung cancer with VADs provide accurate information on
continual CRT-free expectations. These valuable dynamic
data may better optimize the risk-adjusted choices of VADs
and risk-adjusted prophylactic anticoagulation strategies for
patients with lung cancer.
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