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ABSTRACT

Peripherally inserted central venous catheters (PICCs) are widely used in
cancer patients. Although PICC is a convenient tool, its use is associated with an
obvious increase in the incidence of venous thrombosis. The risk factors for deep vein
thrombosis associated with the use of PICCs in cancer patients are largely unexplored.
This study aimed to investigate the incidence of PICC-associated thrombosis in
lymphoma compared with its incidences in other types of cancer. A total of 8028
adult cancer patients inserted with PICC between June 2007 and June 2015 were
included in this study. A total of 249 of the 8028 included patients (3.1%) inserted
with PICC developed upper extremity deep vein thrombosis (PICC-UEDVT). Patients
with lymphoma were more likely to have PICC-UEDVT than those with other types
of malignancies (7.1% vs. 2.80%; P < 0.001). Logistic analysis revealed that a
lymphoma diagnosis was a risk factor for UEDVT in cancer patients inserted with PICC
(OR: 3.849, 95% CI: 2.334-6.347). Patients with lymphoma may be more predisposed
to developing PICC-UEDVT than those with other types of malignancies. Identifying
the mechanism underlying the relationship between PICC-UEDVT and lymphoma
requires further study.

INTRODUCTION

Peripherally inserted central venous catheters
(PICCs) are vascular access devices that are inserted
through a peripheral vein in the arm. PICCs are often used
to deliver special medications, such as parenteral nutrition,
intravenous antimicrobials and anti-carcinogens. They are
also used to maintain venous access in patients who may
require frequent phlebotomies, continuous medication
administration and extended courses of chemotherapy [1].
Therefore, PICC is a convenient tool for use in patients
with cancer, with benefits to both outpatients and inpatients.

PICC use has increased because of its many
applications, ease of insertion, perceived safety, and cost-
effectiveness compared with alternative venous catheters
[2, 3]; however, its use also carries risks. Among the early
and delayed complications associated with PICCs, the

most notable is thrombosis. Thrombosis can complicate
and interrupt treatment, in addition to increasing costs,
morbidity, and even mortality [4]. Venous thromboembolism
(VTE) is the second leading cause of death in cancer
patients [5]. PICCs are strongly associated with the risk
of developing upper extremity deep vein thrombosis
(UEDVT) [6, 7], and patients with cancer, especially those
with hematological malignancy [8], are at a high risk of
developing VTE [9].

To reduce the risk of PICC-associated UEDVT
(PICC-UEDVT), the factors contributing to this adverse
event have been explored; however, they remain unclear.
Previous studies have found that patient characteristics,
treatments and catheter types are potential risk factors for
PICC-UEDVT [10-13]. There may also be synergistic
activity among these risk factors [14]. At our institute,
we have observed that once a PICC is inserted, patients
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with lymphoma are more likely to develop UEDVT than
those with another type of cancer. Therefore, the aim of
this study was to compare the incidence of PICC-UEDVT
between patients with lymphoma and those with other
types of cancer.

RESULTS

Between June 1st, 2007 and June 30th, 2015, a
total of 9290 PICCs were inserted into patients at the Sun
Yat-sen University Cancer Center. Of these patients, 41
were eventually diagnosed with benign disease, 525 were
outpatients, 126 were less than 18 years of age, and 570
had incomplete data or failed to meet the inclusion criteria.
Ultimately, 8028 patients were included in this study.

The median age of the included patients was 52,
and the sex ratio was 1.46 (4771 males to 3257 females).
Among these patients, 3536 had nasopharyngeal
carcinoma or head and neck cancer (44.05%), 1916 had
a gastrointestinal malignancy (23.87%), 1053 had breast
cancer (13.12%), 565 had lymphoma (7.04%), 338 had
reproductive system cancer (4.21%), 330 had lung cancer
(4.11%) and 290 had another type of rare tumor (including
68 with a nervous system tumor, 48 with cancer of an
unknown primary site, 37 with sarcoma, 29 with multiple
myeloma, 27 with leukemia, 23 with thyroid carcinoma,
22 with a urinary system tumor, 20 with melanoma, 5 with
thymic carcinoma, 3 with mesothelioma, 2 with malignant
hemangioendothelioma, 1 with pheochromocytoma, 1 with
hemangiopericytoma, and 3 with cutaneous carcinoma,
accounting for 3.61% of all patients).

A total of 249 of the 8028 (3.1%) patients were
diagnosed with PICC-UEDVT by Doppler ultrasound. Of
them, 116 patients were younger than 52 years of age, and
133 were older than or equal to 52 years of age, and these
numbers were 4084 and 3695, respectively, for the patients
without UEDVT (P = 0.057). The range of the interval
between the placement of peripherally inserted central
catheters and the diagnosis of deep venous thrombosis
was 1 to 331 days, and the median of the interval was
25 days. The median platelet counts at first visit and at
the time of catheter insertion in the UEDVT patients
were 180 x 10°/L and 207 x 10°/L, respectively, and these
numbers were 200 x 10%/L, 166 x 10%L in the patients
without UEDVT. These values are all within the normal
range. The platelet count at first visit was lower in the
UEDVT patients (P = 0.032). However, there was no
significant relationship between UEDVT and the platelet
count at the time of catheter insertion (P = 0.089). With
regard to the medical history of the UEDVT patients,
33 (13.3%) of the patients underwent surgery at > 1
hour before PICC insertion, 99 (39.8%) had a history of
radiotherapy, and 211 (32.5%) had received chemotherapy
through the PICC. The number of patients with a history
of prior surgery did not significantly differ between the
patients with and without UEDVT (P = 0.152); however,

radiotherapy (P < 0.001) and chemotherapy (P = 0.0042)
were positively correlated with UEDVT. With regard to
the gender ratio, 153 (61.4%) of the patients with UEDVT
and 4618 (59.4%) of those without UEDVT were male,
indicating that was no significant difference in the
incidence of UEDVT according to gender (P = 0.510).
The proportion of patients with UEDVT among the
cancer patients inserted with PICC differed according to
cancer types. UEDVT tended to occur in the patients with
lymphoma more frequently than in those with other type
of cancers (P < 0.001), as shown in Table 1.

In our study, 565 patients were diagnosed with
lymphoma. Of them, 341 (60.4%) were diagnosed with
B cell non-Hodgkin lymphoma (NHL), 164 (29.0%)
were diagnosed with T cell NHL, and 60 (10.6%) were
diagnosed with Hodgkin lymphoma. Among these
patients, the PICC-UDEVT rates were 7.3%, 5.5% and
10.0%, respectively, and these rates were not significantly
different (P = 0.494). A comparison of the lymphoma
patients with the other cancer patients revealed differences
in the patients’ characteristics. The rate of PICC-UEDVT
was higher in the lymphoma patients than in the other
cancer patients (40/565, 7.1%; and 209/7463, 2.80%,
respectively; P < 0.001) (Figure 1). A total of 346 of the
lymphoma patients were younger than 52 years of age,
and 219 were equal to or older than 52 years, and these
numbers were 3854 and 3609, respectively, for the other
cancer patients (P < 0.001). Therefore, the lymphoma
patients were younger than the other cancer patients. The
median platelet counts in the patients with lymphoma at
their first visit and at the time of catheter insertion were
182 x 10%L and 191 x 10°/L, respectively, and these
numbers were 201 x 10°/L and 88 x 10°/L, respectively,
in the other cancer patients, and these differences between
the two patient groups were significant (P = 0.003 and
P < 0.001, respectively). The treatments received also
differed between the patients with lymphoma and those
with other types of cancer. Radiotherapy was used
less often in the lymphoma patients than in the other
patients (18.2% vs. 55.8%, respectively; P < 0.001),
whereas chemotherapy was used more often in the
lymphoma patients (93.3% vs. 88.7%, respectively;
P = 0.001) (Table 2). Logistic analysis revealed that
a lymphoma diagnosis was a risk factor for UEDVT
in the cancer patients inserted with PICC (OR: 3.849,
95% CI: 2.334-6.347, P < 0.001). Other patients’
characteristics, as shown in Table 3, did not increase the
odds of UEDVT (Table 3).

DISCUSSION

VTE commonly occurs in cancer patients, and the
association between cancer and thrombosis has been
known for many years [15]. This event may reflect the
underlying biology of cancer because activation of the
coagulation cascade and the generation of thrombin are
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Table 1: Characteristics of cancer patients inserted with PICC stratified according to the presence

or absence of UDEVT
. UDEVT No UDEVT
Characteristic P-value
n =249 (100%) n="7779 (100%)
Age (years)
<52 116 (46.6) 4084 (52.5) NSt
>52 133 (53.4) 3695 (47.5)
Gender
Male 153 (61.4) 4618 (59.4) NS®
Female 96 (38.6) 3161 (40.6)
Prior surgery (> 1 hour) NS®
Yes 33 (13.3) 1303 (16.6)
No 216 (86.7) 6476 (83.4)
Radiotherapy <0.001°
Yes 99 (41.4) 3897 (50.1)
No 150 (58.6) 3882 (49.9)
Chemotherapy 0.042°
Yes 211 (85.1) 6938 (89.2)
No 38 (14.9) 841 (10.8)
Platelet at first visit 18 %efl?gg L ) Oé\gejl?gg L 0.0322
Platelet at catheter insertion ) 07'1\/?3121139 L 16 x)egl?gg L NS*
Diagnosis
Lymphoma 40 (16.1) 525 (6.7) <0.001°
Others 209 (83.9) 7254 (93.2)

“Independent sample #-test.
°Chi-square test.
NS, not significant (P > 0.05).

PICC, peripherally inserted central venous catheter; UEDVT, upper extremity deep vein thrombosis.

often cited as mechanisms by which tumor propagation
may occur [16]. Thrombotic events in cancer patients may
be related to vascular access devices [7, 17]. Although the
mechanisms by which catheter thrombosis develops are
unclear, they may involve endothelial damage and local
blood vortexing. In our study, 3.1% of the patients were
diagnosed with PICC-UEDVT, which is consistent with
the meta-analysis published by Vineet Chopra [6].
According to previous studies, the rate of PICC-
UEDVT is between 1%—-30% [3, 4, 18], whereas VTE
occurs in approximately 0.1% of the general population
annually [19]. A recent clinical trial has shown that many
of these events remain clinically silent and that up to 75%
of patients with a catheter are found to have thrombosis by
ultrasound examination [20]. However, our results differ
from these previous results. In our study, all of the patients
were required to undergo ultrasound examination before
removal of the catheter, which allowed us to identify
patients with asymptomatic thrombosis. Diagnoses of

thrombosis were confirmed by Doppler ultrasound, which
is the standard diagnostic method. These examinations
were performed after the emergence of symptoms (such
as swelling in the upper extremities, pain, or leakage at the
PICC site) or before removal of the catheter.

In our study, we identified differences between
the patients with and without UEDVT in the history of
radiotherapy, history of chemotherapy, and platelet counts
at first visit and at the time of diagnosis. There was no
significant difference in age between the thrombosis and
non-thrombosis groups in our study. Age was reported
to be an independent risk factor for thrombosis in some
previous studies, although it was controversial [21, 22]. A
comparison of the lymphoma patients with the other cancer
patients revealed that age, history of radiotherapy, history
of chemotherapy, and the platelet counts at first visit and
at the time of catheter insertion were different. However,
these factors had no statistically significant association
with the UEDVT in the logistic regression analysis.

www.impactjournals.com/oncotarget

Oncotarget



Table 2: Characteristics of cancer patients inserted with PICC stratified according to diagnosis

. Lymphoma Others
Characteristic P-value
n =565 (100%) n="7463 (100%)
Age (years)
<52 346 (61.2) 3854 (51.6) <0.001°
>52 219 (38.8) 3609 (48.4)
Gender
Male 341 (60.4) 4430 (59.4) NSt
Female 224 (39.6) 3033 (40.6)
Radiotherapy <0.001°
Yes 100 (18.2) 3896 (55.8)
No 465 (81.8) 3567 (54.2)
Chemotherapy 0.001°
Yes 527 (93.3) 6622 (88.7)
No 38 (6.7) 841 (11.3)
Platelet at first visit Median Median 0.003¢
182 x 10°/L 201 x 10°/L '
Platelet at catheter insertion Median Median <0.001°
191 x 10°/L 88 x 10°/L '
‘Independent sample #-test
*Chi-square test
NS, not significant (P > 0.05)
PICC, peripherally inserted central venous catheter; UEDVT, upper extremity deep vein thrombosis.
P<0.001
8.00%
7.08%
7.00% -
6.00% -
£ 5.00% -
2
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Figure 1: Rates of UDEVT in patients with lymphoma and those with other types of cancer. UEDVT, upper extremity
deep vein thrombosis; Others, nasopharyngeal carcinoma or head and neck cancer, gastrointestinal malignancy, breast cancer, reproductive

system cancer and rare tumor.
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Table 3: Logistic regression analysis of risk factors associated with UDEVT in cancer patients

inserted with PICC (n = 8028)

Risk factor coottcent eor_raio___ terval - Pvalue
Age —0.001 0.007 0.999 0.984-1.013 NS
Gender 0.015 0.205 1.015 0.679-1.517 NS
Lymphoma 1.348 0.255 3.849 2.334-6.347 <0.001
Radiotherapy -0.115 0.214 0.891 0.586-1.356 NS
Chemotherapy 0.365 0.400 1.440 0.658-3.151 NS
Platelet at first visit —0.002 0.001 0.998 0.995-1.001 NS
Platelet at catheter insertion 0.000 0.001 1.000 0.998-1.003 NS

NS, not significant (P > 0.05)

PICC, peripherally inserted central venous catheter; UEDVT, upper extremity deep vein thrombosis.

Vascular endothelial cells produce increasing levels of
procoagulants with advancing age, and this may be the
reason behind the hypercoagulation [23]. The lymphoma
patients were younger, which may have contributed to the
age effect. Radiotherapy and chemotherapy tended to be
positively correlated with thrombosis, perhaps because
radiation of the neck or chest and chemotherapeutic agents
contribute to the injury of the involved area and thereby
increase the risk of thrombosis [24-27]. Another study has
shown that cancer is associated with a 4.1-fold increased
risk of thrombosis and that chemotherapy increases
the risk by 6.5-fold [28]. Cancer and its treatments are
therefore both risk factors; cancer patients have a VTE
risk of 4%-20%, whereas this risk is 0.1% in the general
population [29]. We were surprised to find that the platelet
counts were lower at first visit in the thrombosis group, but
the platelet counts at the time of catheter insertion were
not significantly different between the thrombosis and
non-thrombosis groups. All of the counts were within the
normal range. This finding may have occurred because the
thrombosis rate is not related to the platelet count [30, 31].

Many studies have established a strong link between
VTE and cancer, but the link between VTE and lymphoma
is less well documented. We conclude from our logistic
analysis that a lymphoma diagnosis is associated with
PICC-UEDVT. Other recent studies have also supported
our hypothesis that lymphoma patients have a tendency
to develop thrombosis. The rate of VTE events in patients
with diffuse large B-cell lymphoma may be as high as
12.8% [32]. In our study, logistic analysis indicated that
the patients with lymphoma were almost 4 times as likely
to develop PICC-UEDVT as those with other types of
malignancies. There were no significant differences in the
rates of PICC-UDEVT among the patients with different
subtypes of lymphoma.

In conclusion, the findings of our study indicate that
patients with lymphoma may be predisposed to developing
PICC-UEDVT compared with those with other types of
malignancies. Identifying the mechanism underlying this
relationship will require further study.

MATERIALS AND METHODS

Patients and study design

This retrospective study included consecutive
patients who underwent PICC insertion between June 1st,
2007 and June 30th, 2015 at the Sun Yat-sen University
Cancer Center (SYSUCC). Patient information was
abstracted from electronic medical records. This study was
performed in accordance with the Declaration of Helsinki,
and it was approved by the Institutional Review Board
(IRB) of the Sun Yat-Sen University Cancer Center.

This study recruited adult patients who met the
following criteria. First, they were diagnosed with a
malignancy and had complete medical data available,
including age, sex, diagnosis, and medical history (including
the history of radiotherapy before or chemotherapy after
PICC insertion). Second, they had undergone routine
blood testing (hemoglobin level and white blood cell and
platelet counts) at their first visit and within 1 week of PICC
insertion. Finally, data on PICC insertion and removal and
the result of Doppler ultrasound performed before removal
were recorded.

In the medical history, radiotherapy was defined as
positive when the field of radiation included the chest or
neck, and chemotherapy was defined as positive when the
drugs were infused through the catheter. For patients who
had more than one PICC insertion, only the first insertion
was analyzed in our study. Patients with incomplete data due
to PICC placement before hospital admission were excluded.

PICC insertions

PICC insertions were prescribed by doctors and
performed by a trained PICC nursing team at the Catheter
Clinic of SYSUCC. Typically, patients underwent
PICC insertion for the following reasons: the need for
continuous intravenous infusion or special irritant drugs
(such as anthracyclines or vinorelbine), poor vascular
elasticity or small blood vessel diameters. The insertions
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were performed using a Standard Operating Procedure.
A peripheral vein (the cephalic vein, basilic vein, median
cubital vein, or brachial vein) was chosen by the nurse,
and insertion was then performed using either ultrasound-
guided puncture and cannulation or a blind technique
(aiming toward a visible or palpable peripheral vein) until
the tip rested in the distal superior vena cava or the cavo-
atrial junction. The first-choice vein was the right basilic
vein. The calibers of the catheters ranged from 4 to 6
French (most were close-ended, three-way valve PICCs
manufactured by Bard (Bard Access Systems, Salt Lake
City, UT, USA) and were made of silicone, single-lumen,
18-gauge catheters (4 Fr)) for adult patients, and their
lengths ranged from 40 to 60 cm. Following insertion, the
position of the PICC tip was verified by chest x-ray, and
subsequent adjustments were performed according to the
results.

Follow-up

Demographic and background data, data related to
PICC placement, and complications encountered during
PICC placement were recorded by a nurse. The size of the
catheter, length of the exposed part, arm circumference
and conditions at the point of puncture were recorded
before and after each use of the PICC. Then, the catheters
were flushed every week in the catheter clinic and
maintained by PICC nurses at either our hospital or other
institutions.

PICC maintenance consisted of disinfection of the
area around the PICC insertion site in addition to the
insertion site itself and catheter, changing of the dressing
and connector, and flushing and locking of the catheter
with heparin saline. To disinfect the catheter, 75% alcohol
was applied 3 times to clean the skin around it, and 2%
chlorhexidine in 70% alcohol was applied 2 times to
disinfect the whole site and the catheter. To flush and
lock the catheter with heparin saline, 20 ml saline mixed
with 200 U heparin was used before and after injection of
medication, at the end of therapy, and every 7 days when
the catheter was not in use.

In our hospital, patients require maintenance on
the 2nd and 5th days after placement and subsequently
once per week. The catheter line can be removed by a
trained nurse after use, and ultrasound examination is
required before it can be removed. Doppler ultrasound is
recommended in the following situations: the appearance
of symptoms of UEDVT (such as swelling in the upper
extremities, pain, or leakage at the PICC site), clinical
suspicion of thrombosis (even without symptoms), or
diagnosis of deep vein thrombosis (DVT) at another site.

Doppler ultrasound was performed in the Ultrasound
Department of SYSUCC using the most modern high-
resolution, real-time, color Doppler ultrasound machines
in the department, including a Sequoia 512, Philips IU22,
GE LOGIQ E9 and TOSHIBA Aplio XG 790. The results

were reported by a faculty member of one of the included
departments (including 1 professor, 3 associate professors
and 6 attending physicians).

Diagnosis of thrombosis

PICC-associated thrombosis in the vein of insertion
was diagnosed by Doppler ultrasound. Thrombosis was
identified as positive when it included partial/complete
thrombus in the deep veins of the arm, either inside or
outside of the catheter.

Statistical analysis

The following data were collected for statistical
analyses: patient clinical information (age, gender,
and cancer pathologic subtype), medical history
(radiotherapy before PICC insertion and chemotherapy
after PICC insertion), laboratory parameters at
the first visit and within 1 week of PICC insertion
(hemoglobin level and white blood cell and platelet
counts), and whether thrombosis had occurred before
removal of the catheter, as determined according to the
Doppler ultrasound examination results. The patients’
characteristics are presented as the median (range) or
rate. The incidence of thrombosis was calculated as
the total number of thrombosis events divided by the
total number of PICCs placed (%). The independent
sample T test was performed to compare the data (age
and laboratory parameters). Data on gender, cancer
pathologic subtypes, and medical history were analyzed
using the Chi-square test. Logistic regression analysis
was used to estimate unadjusted odds ratios (ORs) and
95% confidence intervals (CIs) of significant variables to
identify the major risk factors for thrombosis. A 2-tailed
P-value of < 0.05 was considered to indicate statistical
significance. All statistical analyses were performed
using SPSS version 22.0 for Windows.

ACKNOWLEDGMENTS AND FUNDING

We thank all the pathologists, oncologists,
radiologists, surgeons and nurses who contributed.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

GRANT SUPPORT

This work was supported by National Natural
Science Foundation of China (NO. 81071950,
81301903), Guangdong Natural Science Foundation
(NO. S2013010016331), Guangzhou science and
technology project (NO. 2014J4100163), Fundamental
Research Funds for the Central Universities

www.impactjournals.com/oncotarget

35409

Oncotarget



(NO. 10ykpy36), National-Eleventh Five Technology
Major Project (NO. 2008ZX09312-002, 2012Z2X09301),
and Research Award Funds for Outstanding Young
Researchers in Sun Yat-Sen Cancer Center.

REFERENCES

10.

I1.

Seeley MA, Santiago M, Shott S. Prediction tool for
thrombi associated with peripherally inserted central
catheters. J Infus Nurs. 2007; 30:280-6.

Di-Giacomo M. Comparison of three peripherally-inserted
central catheters: pilot study. Br J Nurs. 2009; 18:8-16.
Kabsy Y, Baudin GH, Vinti H, Novellas S, Mannone L,
Chevallier P, Mounier N. [Peripherally inserted central
catheters (PICC) in onco-hematology. PICC line in onco-
hematology]. Bull Cancer. 2010; 97:1067-71.

Chopra V, Anand S, Krein SL, Chenoweth C, Saint S.
Bloodstream Infection, Venous Thrombosis, and Peripherally
Inserted Central Catheters: Reappraising the Evidence. Am J
Med. 2012; 125:733-41.

Khorana AA, Francis CW, Culakova E, Kuderer NM,
Lyman GH. Thromboembolism is a leading cause of death
in cancer patients receiving outpatient chemotherapy.
J Thromb Haemost. 2007; 5:632—4.

Chopra V, Anand S, Hickner A, Buist M, Rogers MA,
Saint S, Flanders SA. Risk of venous thromboembolism
associated with peripherally inserted central catheters:
a systematic review and meta-analysis. Lancet. 2013;
382:311-25.

Winters JP, Callas PW, Cushman M, Repp AB, Zakai NA.
Central Venous Catheters and Upper Extremity Deep Vein
Thrombosis in Medical Inpatients: the Medical Inpatients
and Thrombosis (MITH) study. J Thromb Haemost. 2015;
13:2155-60.

Easaw JC, Shea-Budgell MA, Wu CM, Czaykowski PM,
Kassis J, Kuehl B, Lim HJ, MacNeil M, Martinusen D,
McFarlane PA, Meek E, Moodley O, Shivakumar S, et al.
Canadian consensus recommendations on the management
of venous thromboembolism in patients with cancer. Part 1:
prophylaxis. Curr Oncol. 2015; 22:133-43.

Tran H, Arellano M, Chamsuddin A, Flowers C, Heffner LT,
Langston A, Lechowicz MJ, Tindol A, Waller E, Winton EF,
Khoury HJ. Deep venous thromboses in patients with
hematological malignancies after peripherally inserted
central venous catheters. Leuk Lymphoma. 2010; 51:1473-7.
Bonizzoli M, Batacchi S, Cianchi G, Zagli G, Lapi F,
Tucci V, Martini G, Di Valvasone S, Peris A. Peripherally
inserted central venous catheters and central venous catheters
related thrombosis in post-critical patients. Intensive Care
Med. 2011; 37:284-9.

Wilson TJ, Brown DL, Meurer WIJ, Stetler WR Jr,
Wilkinson DA, Fletcher JJ. Risk factors associated with
peripherally inserted central venous catheter-related large
vein thrombosis in neurological intensive care patients.
Intensive Care Med. 2012; 38:272-8.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Marnejon T, Angelo D, Abu AA, Gemmel D. Risk factors
for upper extremity venous thrombosis associated with
peripherally inserted central venous catheters. J Vasc
Access. 2012; 13:231-8.

Evans RS, Sharp JH, Linford LH, Lloyd JF, Woller SC,
Stevens SM, Elliott CG, Tripp JS, Jones SS, Weaver LK.
Reduction of peripherally inserted central catheter-
associated DVT. Chest. 2013; 143:627-33.

Blom JW, Rooden CJV, Doggen CIM, Rosendaal FR.
Old and new risk factors for upper extremity deep venous
thrombosis — reply to a rebuttal. J] Thromb Haemost. 2006;
4:923-4.

Lee AY, Peterson EA. Treatment of cancer-associated
thrombosis. Blood. 2013; 122:2310-7.

Fidan E, Kavgaci H, Orem A, Yilmaz M, Yildiz B, Fidan S,
Akcan B, Ozdemir F, Aydin F. Thrombin activatable
fibrinolysis
complex levels in patients with gastric cancer. Tumour Biol.
2012; 33:1519-25.

Aw A, Carrier M, Koczerginski J, McDiarmid S, Tay J.
Incidence and predictive factors of symptomatic thrombosis
related to peripherally inserted central catheters in
chemotherapy patients. Thromb Res. 2012; 130:323-6.

Kuter DJ. Thrombotic complications of central venous

inhibitor and thrombin-antithrombin-III-

catheters in cancer patients. Oncologist. 2004; 9:207-16.

Djulbegovic B. Management of venous thromboembolism
in cancer: a brief review of risk-benefit approaches and
guidelines’ recommendations. J Support Oncol. 2010; 8:84-91.

Itkin M, Mondshein JI, Stavropoulos SW, Shlansky-
Goldberg RD, Soulen MC, Trerotola SO. Peripherally
inserted central catheter thrombosis—reverse tapered versus
nontapered catheters: a randomized controlled study. J Vasc
Interv Radiol. 2014; 25:85-91.

Shi Y, Wen L, Zhou Y, Tao S. Thrombotic risk factors in
patients undergoing chemotherapy via peripherally inserted
central catheter. J Int Med Res. 2014; 42:863-9.

Khorana AA, Connolly GC. Assessing risk of venous
thromboembolism in the patient with cancer. J Clin Oncol.
2009; 27:4839-47.

Oger E, Leroyer C, Le Moigne E, Pomey MP, Bressollette L,
Clavier J, Mottier D. The value of a risk factor analysis in
clinically suspected deep venous thrombosis. Respiration.
1997; 64:326-30.

Lee AY, Levine MN. Venous thromboembolism and cancer:
risks and outcomes. Circulation 2003;107:117-121.

Yi XL, Chen J, Li J, Feng L, Wang Y, Zhu JA, Shen E,
Hu B. Risk factors associated with PICC-related upper
extremity venous thrombosis in cancer patients. J Clin Nurs.
2014; 23:837-43.

Ong B, Gibbs H, Catchpole I, Hetherington R, Harper J.
Peripherally inserted central catheters and upper extremity
deep vein thrombosis. Australas Radiol. 2006; 50:451-4.
LiuY, Gao 'Y, Wei L, Chen W, Ma X, Song L. Peripherally
inserted central catheter thrombosis incidence and risk

WWW

.impactjournals.com/oncotarget

35410

Oncotarget



28.

29.

30.

factors in cancer patients: a double-center prospective
investigation. Ther Clin Risk Manag. 2015; 11:153-60.
Heit JA, Silverstein MD, Mohr DN, Petterson TM,
O’Fallon WM, Melton LJ 3rd. Risk factors for deep vein
thrombosis and pulmonary embolism: a population-based
case-control study. Arch Intern Med. 2000; 160:809—-15.

Francis CW. Prevention of venous thromboembolism in
hospitalized patients with cancer. J Clin Oncol. 2009;
27:4874-80.

Cortelezzia A, Fracchiolla NS, Maisonneuve P, Moia M,
Luchesini C, Ranzi ML, Monni P, Pasquini MC,
Lambertenghi-Deliliers G. Central venous catheter-related
complications in patients with hematological malignancies:
a retrospective analysis of risk factors and prophylactic
measures. Leuk Lymphoma. 2003; 44:1495-501.

31.

32.

Rosendaal FR, Helmerhorst FM, Vandenbroucke JP. Female
Hormones and Thrombosis. Arterioscler Thromb Vasc Biol..
2002; 22:201-10.

Komrokji RS, Uppal NP, Khorana AA, Lyman GH,
Kaplan KL, Fisher RI, Francis CW. Venous throm-
boembolism in patients with diffuse large B-cell lymphoma.
Leuk Lymphoma. 2006; 47:1029-33.

www.impactjournals.com/oncotarget

35411

Oncotarget



