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Background: Long-term venous access devices, including PICCs and implantable ports, increase the risk of catheter-related 
thrombosis (CRT) in cancer patients. The role of prophylactic rivaroxaban in this setting remains uncertain.
Methods: We retrospectively analyzed adult cancer patients who underwent peripherally inserted central catheter (PICC) or 
implantable port (PORT) placement between January 2019 and May 2023. CRT was diagnosed via B-ultrasound. To reduce 
surveillance bias, only patients who underwent ≥4 ultrasound examinations were included. Kaplan–Meier and Cox regression were 
used to assess the effect of rivaroxaban prophylaxis and to explore subgroup differences.
Results: Among 1,585 patients with upper-limb catheters, 822 met inclusion criteria, with 135 CRT events. The median time to CRT 
was 55 days (IQR: 29.5–121.5), and 66.2% occurred within 90 days post-catheterization. Prophylactic rivaroxaban significantly 
reduced CRT risk (HR = 0.47, 95% CI: 0.33–0.67; p < 0.001), particularly in high-risk groups such as those with PICC lines or active 
tumors. No significant benefit was observed in patients with no-evidence-of-disease (NED) or those with cardiac stents, atrial 
fibrillation, or prior cerebral infarction. In the PORT subgroup, risk reduction was not statistically significant overall (HR = 0.66, 
p = 0.07), but became significant after excluding NED and cardiovascular conditions (HR = 0.52, p = 0.0195).
Conclusion: Rivaroxaban prophylaxis reduces CRT in cancer patients with long term central venous catheters, particularly those with 
PICCs or active disease. Routine use appears unnecessary in NED or patients on antiplatelet therapy, highlighting the importance of 
individualized prophylaxis strategies.
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Introduction
Long-term venous access is essential in oncology to facilitate chemotherapy and supportive care. According to the latest 
WoCoVA consensus, the umbrella term central venous catheter (CVC) has been refined into more specific categories, 
including centrally inserted central catheters (CICCs) and femorally inserted central catheters (FICCs), while peripherally 
inserted central catheters (PICCs) are classified as medium- to long-term devices. In daily oncology practice, PICCs and 
totally implantable venous access ports (PORTs) remain the most commonly used long-term venous access devices.

Catheter-related thrombosis (CRT) represents one of the most frequent complications of these devices and is 
associated with significant morbidity and mortality in cancer patients.1–4 Previous clinical trials and meta-analyses in 
non-cancer populations have generally not supported routine anticoagulation for CVCs.5 International Society of 
Thrombosis and Haemostasis (ISTH) consensus based on six randomized trials concluded that LMWH may reduce 
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asymptomatic CRT but does not significantly prevent symptomatic events, nor increase major bleeding risk. Thus, 
current recommendations favor individualized over universal prophylaxis.6

Meanwhile, guidelines from ASCO and the International Initiative on Thrombosis and Cancer (ITAC) suggest that 
thromboprophylaxis with low-molecular-weight heparin (LMWH) or direct oral anticoagulants (DOACs), including 
rivaroxaban, may be considered in high-risk cancer patients.7–9 Rivaroxaban has shown potential in various cancer- 
associated thrombosis settings, but its preventive role remains uncertain, with outcomes differing by cancer type, risk 
factors, and treatment context.10–12

This study aimed to evaluate the efficacy of rivaroxaban for thromboprophylaxis in cancer patients with long-term 
venous access devices (PICCs and PORTs). We further explored which patient subgroups—defined by tumor burden 
(active disease vs NED) and catheter type (PICC vs PORT)— may benefit most from individualized prophylactic 
strategies.

Methods
This was a retrospective cohort study conducted in the oncology department of our hospital. We included consecutive 
adult patients who underwent PICC placement or infusion port implantation between January 1st 2019 and May 31st 

2023. Demographic and clinical data were collected from electronic medical records. CRT was defined as thrombosis in 
the ipsilateral upper limb vein, confirmed by B-ultrasound. For patients with multiple catheterizations, only the first was 
included, except in subgroup analyses comparing PICC vs PORT and NED vs active malignancy.

PICC placement was performed by trained nurses under ultrasound guidance, puncturing the basilic vein with the 
modified Seldinger technique. Ports were inserted by physicians under ultrasound guidance via the axillary vein, also 
using the modified Seldinger technique, with the port chamber positioned in a subcutaneous pocket between the clavicle 
and ribs. During catheter insertion, intracavitary electrocardiogram (IC-ECG) guidance was used to adjust the catheter tip 
position at the cavoatrial junction, and post-procedural chest X-ray was performed to confirm the final location. All 
procedures were conducted under strict aseptic conditions. B-ultrasound was routinely performed prior to each che
motherapy cycle (every 20–30 days, depending on treatment schedule). Patients diagnosed with thrombosis were all 
included. To reduce follow-up bias, those without thrombosis and with ≤3 B-ultrasound exams were excluded from the 
analysis. Since August 2020, physicians began routinely recommending rivaroxaban 10 mg daily for 3 months as 
prophylactic anticoagulation. In practice, outpatient use varied; patients with documented use for >1 month were 
classified into the prophylaxis group.

Kaplan–Meier and Log rank tests were used to compare CRT-free survival between groups. Subgroup analyses were 
performed using Cox regression models. All statistical analyses were conducted using R software (version [4.3]) with the 
survival and survminer packages.

Results
3,124 cancer patients undergoing ≥1 ultrasound screening. Thrombosis was diagnosed in 468 patients (14.97%), with 162 
cases involving upper extremities. Among 1,585 patients with long term CVC, 135 developed CRT (8.58%) -including 
49 of 287 with PICCs (17.1%) and 86 of 1,298 with PORTs (6.6%) -whereas only 27 cases (1.75%) occurred among the 
1541 patients without catherterization. The chi-square test showed that the incidence of upper-extremity thrombosis was 
significantly higher in the CVC group compared to the non-CVC group (χ2 = 71.01, p < 0.001). To minimize surveillance 
bias, only patients with ≥4 ultrasounds (intervals >20 days) were considered (n=832); after excluding 10 patients who 
were already receiving therapeutic-dose rivaroxaban (20 mg once daily) for pre-existing thrombosis, a total of 822 
patients were included in the final analysis (Figure 1).

Of these 135 CRT patients, the median time to CRTwas 55 days (IQR: 29.5–121.5 days), with 90 patients (66.2%) 
experiencing thrombosis within 90 days post-catheterization (Figure 2). The median following up days were 293 days 
(95% CI:274–312).

Among the included patients, 582 received prophylactic rivaroxaban, while 240 did not receive any anticoagulation 
therapy. In the primary analysis, prophylactic use of rivaroxaban significantly reduced the risk of CRT across the entire cohort 
compared to non-use (HR = 0.47, 95% CI: 0.33–0.67; p < 0.001), as shown in the Kaplan-Meier survival curves (Figure 3).
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Subgroup analyses further elucidated the impact of rivaroxaban across various patient characteristics, showing that 
the drug provided significant prophylactic benefits in most groups (Table 1), such as the PICC group (HR = 0.49, 95% 
CI: 0.26–0.91; p=0.024).

However, there were a few notable exceptions where rivaroxaban did not significantly reduce the risk of CRT. In the 
NED group, where patients had no active cancer, rivaroxaban did not provide a significant reduction in CRT risk (HR = 
1.32, 95% CI: 0.44–4.02; p = 0.622). Additionally, patients with cardiac stent/bypass (HR = 0.43, 95% CI: 0.10–1.79; p = 
0.244), atrial fibrillation (HR = 0.45, 95% CI: 0.31–0.66; p < 0.001), and cerebral infarction (HR = 0.44, 95% CI: 

Figure 1 Selection Flowchart of Cancer Patients with Long-Term Central Venous Access Devices (PICC and PORT).

Figure 2 Time-to-CRT Distribution of After Catheterization. (A) Kaplan–Meier curve showing the cumulative probability of CRT over time following catheterization. (B) 
Number of CRT events by time intervals; most occurred within 90 days.
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0.30–0.64; p < 0.001) did not show significant reductions in CRT risk, potentially due to the confounding effect of other 
anticoagulants or antiplatelet therapies commonly used in these patients, such as aspirin or clopidogrel.

Although PORT patients did not show a statistically significant reduction in the risk of CRT with rivaroxaban (HR = 0.66, 
95% CI: 0.42–1.03; p = 0.07), a trend in favor of rivaroxaban use was observed. To further refine our analysis and minimize 
potential confounding factors, we focused on a subset of the PORT group that had a tumor burden and no other anticoagulant 
therapies, by excluding patients with NED, cardiac stents, atrial fibrillation, and cerebral infarction, as these conditions often 
involve concurrent anticoagulant or antiplatelet therapy (Figure 4). The results of this analysis revealed that rivaroxaban did 
demonstrate significant prophylactic efficacy in this adjusted cohort (HR = 0.52, 95% CI: 0.31–0.90; p = 0.0195).

Discussion
The need for prophylactic anticoagulation in cancer patients with peripherally inserted central catheters (PICC) or 
implantable ports (PORT) remains controversial. Current international guidelines, including those from the ISTH, do not 
recommend routine pharmacologic prophylaxis or screening for CRT, primarily due to the low incidence of symptomatic 
events and lack of clear benefit in unselected populations.6 Meta-analyses of LMWH trials suggest limited efficacy in 

Figure 3 Rivaroxaban Prophylaxis Significantly Reduces CRT Risk in Cancer Patients With Long-Term Central Venous Access Devices (PICC and PORT). Kaplan–Meier 
curves showing the cumulative incidence of CRT, stratified by prophylactic use of rivaroxaban. Patients receiving rivaroxaban showed significantly lower CRT incidence (log- 
rank p < 0.0001). Number of patients at risk are shown below.
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Table 1 Subgroup Analysis of the Effect of Rivaroxaban Prophylaxis on CRT in Cancer Patients With Long-Term 
Central Venous Access Devices (PICC and PORT)

Characteristics Rivaroxaban (%) No Rivaroxaban (%) HR CI5 CI95 p.Value HR (95% CI)

All people 582 240 0.47 0.33 0.67 <0.001 0.47 (0.33–0.67)

Gender

Male 368 (63.2) 142 (59.2) 0.64 0.41 0.99 0.047 0.64 (0.41–0.99)

Female 214 (36.8) 98 (40.8) 0.26 0.14 0.48 <0.001 0.26 (0.14–0.48)

Age

≥65 304 (52.2) 124 (51.7) 0.36 0.22 0.58 <0.001 0.36 (0.22–0.58)

<65 278 (47.8) 116 (48.3) 0.65 0.39 1.08 0.093 0.65 (0.39–1.08)

Catherter

PICC 65 (10.7) 80 (29.7) 0.49 0.26 0.91 0.024 0.49 (0.26–0.91)

PORT 545 (89.3) 189 (70.3) 0.66 0.42 1.03 0.07 0.66 (0.42–1.03)

Smoker

Yes 286 (49.6) 108 (45.2) 0.55 0.33 0.91 0.02 0.55 (0.33–0.91)

No 291 (50.4) 131 (54.8) 0.38 0.23 0.64 <0.001 0.38 (0.23–0.64)

Lesion

Tumor 445 (76.6) 190 (78.2) 0.4 0.27 0.58 <0.001 0.40 (0.27–0.58)

NED 136 (23.4) 53 (21.8) 1.32 0.44 4.02 0.622 1.32 (0.44–4.02)

Cardiac disease

Yes 129 (22.2) 50 (20.8) 0.44 0.24 0.83 0.011 0.44 (0.24–0.83)

No 453 (77.8) 190 (79.2) 0.47 0.31 0.73 0.001 0.47 (0.31–0.73)

Cardiac stent/bypass

Yes 27 (4.6) 16 (6.7) 0.43 0.1 1.79 0.244 0.43 (0.10–1.79)

No 555 (95.4) 224 (93.3) 0.48 0.33 0.69 <0.001 0.48 (0.33–0.69)

Atrial fibrillation

Yes 37 (6.4) 12 (5.0) 0.55 0.19 1.65 0.288 0.55 (0.19–1.65)

No 545 (93.6) 228 (95.0) 0.45 0.31 0.66 <0.001 0.45 (0.31–0.66)

Cerebral infarction

Yes 54 (9.3) 26 (10.8) 0.83 0.3 2.29 0.72 0.83 (0.30–2.29)

No 528 (90.7) 214 (89.2) 0.44 0.3 0.64 <0.001 0.44 (0.30–0.64)

Venous thrombosis

Yes 63 (10.8) 30 (12.5) 0.31 0.11 0.89 0.03 0.31 (0.11–0.89)

No 519 (89.2) 210 (87.5) 0.5 0.34 0.72 <0.001 0.5 (0.34–0.72)

(Continued)
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preventing symptomatic CRT despite reducing asymptomatic events, and without increasing major bleeding risk. 
A Cochrane review13 of 12 studies including 3611 cancer patients found no statistically significant reduction in either 
symptomatic or asymptomatic CRT from prophylactic unfractionated heparin or LMWH, nor did vitamin K antagonists 
demonstrate a clear advantage.

Nevertheless, patients with cancer represent a distinctly prothrombotic population. Central venous catheterization, 
a common intervention for chemotherapy, adds an additional risk factor. Some guidelines (ASCO, ITAC) now suggest 
that prophylaxis with LMWH or DOACs like rivaroxaban may be considered in high-risk patients. Indeed, out of seven 
investigations evaluating anticoagulation’s role in reducing CRT risk, one retrospective case-control study reported 
a positive association.5 There remain no large randomized controlled trials specifically assessing novel oral antic
oagulants (eg, dabigatran, rivaroxaban, or apixaban) for primary thromboprophylaxis in patients with indwelling central 
venous catheters.

Our real-world study focused on cancer patients with PICC or PORT placement and found that rivaroxaban 
prophylaxis significantly reduced the risk of CRT. The benefit was most pronounced in patients with PICC and active 
malignancy, whereas those with no evidence of disease (NED) or on concurrent antiplatelet therapy derived little to no 
benefit. These findings support a risk-adapted approach rather than universal prophylaxis.

Notably, the overall CRT rate in our cohort was 8.52% (17.1% in PICC cases; 6.6% in PORT cases), consistent with 
published rates ranging from 0.3% to 28.3%.2,14–17 Subgroup analysis showed that in NED patients, rivaroxaban 
conferred no protective effect, likely due to a diminished hypercoagulable state. Conversely, in patients with active 
disease, the prothrombotic burden- driven by tumor-derived tissue factor, cancer procoagulant, and altered fibrinolytic 
balance- may justify prophylaxis. Although tumor burden was not quantitatively assessed, existing tools like the Khorana 
score18 or the Vienna CATS score19 may assist in future risk stratification.

Our study also found that patients with cardiovascular comorbidities (eg, coronary artery stents, atrial fibrillation, or 
stroke) did not benefit from rivaroxaban, probably due to concomitant antiplatelet use, such as aspirin and/or 
clopidogrel.20,21 These observations are aligned with the cohort data showing that ongoing antiplatelet therapy is 
protective against CRT,22 and highlight the importance of considering background antithrombotic regimens when 
prescribing additional anticoagulation.

Table 1 (Continued). 

Characteristics Rivaroxaban (%) No Rivaroxaban (%) HR CI5 CI95 p.Value HR (95% CI)

Lung disease

Yes 82 (14.1) 34 (14.2) 0.29 0.13 0.64 0.002 0.29 (0.13–0.64)

No 500 (85.9) 206 (85.8) 0.52 0.35 0.77 0.001 0.52 (0.35–0.77)

Anemia

Yes 220 (37.8) 94 (39.2) 0.48 0.26 0.87 0.016 0.48 (0.26–0.87)

No 362 (62.2) 146 (60.8) 0.47 0.31 0.72 0.001 0.47 (0.31–0.72)

Hypoproteinemia

Yes 128 (22.0) 69 (28.7) 0.35 0.17 0.71 0.004 0.35 (0.17–0.71)

No 454 (78.0) 171 (71.2) 0.53 0.35 0.79 0.002 0.53 (0.35–0.79)

Leukopenia

Yes 148 (25.4) 67 (27.9) 0.21 0.08 0.56 0.002 0.21 (0.08–0.56)

No 434 (74.6) 173 (72.1) 0.53 0.36 0.77 0.001 0.53 (0.36–0.77)

Notes: For the Catheter and Lesion subgroups, patients with multiple catheterizations or changes in tumor status were counted separately for 
each event. Thus, totals may exceed those in other categories.
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Interestingly, the median time to CRT was 55 days, with over two-thirds of events occurring within 90 days post- 
catheterization, consisted with the randomized clinical trial by Young et al.23 This supports a 3-month prophylaxis 
window, which may offer optimal protection during the high-risk period. While PORT patients did not reach statistical 
significance overall, exclusion of low-risk individuals revealed a protective effect, suggesting that selection criteria 
strongly influence outcomes. Prior studies have similarly noted lower CRT incidence in PORT vs PICC users,24–26 likely 
due to anatomical and mechanical differences in catheter design and placement. PICC lines, which are inserted through 
peripheral veins and extended into the central veins, tend to have longer catheter lengths and require smaller diameter of 
arm veins, which may cause greater irritation to the blood vessel endothelium.25,27,28

Our study has limitations. It was retrospective, with potential confounding and incomplete documentation of bleeding 
outcomes due to outpatient rivaroxaban use. Also, it was conducted at a single center, limiting generalizability. Although 
detailed data on adverse events such as bleeding were not systematically recorded, rivaroxaban is a well-established 
anticoagulant with a safety profile that has been thoroughly evaluated in multiple large-scale clinical trials and real-world 
studies, providing a valuable reference for clinical practice.29–32

Conclusion
In summary, our findings suggest that tailored rivaroxaban prophylaxis may be effective in select high-risk cancer 
patients with long-term central venous access devices, particularly those with PICCs or active malignancy. In contrast, no 

Figure 4 Effect of Rivaroxaban Prophylaxis in PORT Patients Before and After Risk-Based Subgroup Refinement. (A) Kaplan–Meier analysis of CRT–free survival in cancer 
patients with PORT. No statistically significant difference between rivaroxaban and non-rivaroxaban groups (cox model p = 0.07). (B) After excluding low-risk individuals, 
rivaroxaban was associated with improved CRT-free survival (p = 0.0195).
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significant benefit was observed in patients with NED or those with major cardiovascular or cerebrovascular comorbid
ities already requiring long-term antiplatelet therapy. Further prospective, multicenter trials are warranted to confirm 
these observations and to define the optimal patient population for prophylactic anticoagulation.
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