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Abstract
Objectives: Both peripherally inserted central catheters (PICCs) and implanted port 
catheters (PORTs) are commonly used for the delivery of immunochemotherapy. We 
compared the safety of the two types of devices in a homogeneous and monocen-
tric population of diffuse large B-cell lymphoma (DLBCL) patients who were treated 
with first-line immunochemotherapy by evaluating the numbers of catheter-related 
venous thromboses (VTs) and infections that occurred in the six months after implan-
tation according to the type of device.
Methods: Using a propensity score, the adjusted relative risk (ARR) between the type 
of catheter and the occurrence of catheter-related complications (infection and/or 
VT) of interest was retrospectively determined.
Results: 479 patients were enrolled (266 PORTs/213 PICCs), and 26 VTs (5.4%) and 
30 infections (6.3%) were identified in the period following PICC/PORT implantation. 
The adjusted relative risk (ARR) of catheter-related complications (infection and/or 
VT) according to the type of device was 2.6 (95% CI =1.3–5.9, p = .0075). This risk in-
crease associated with the PICC device was significant for both infections (ARR = 3.2; 
95% CI = 1.3–10.9) and thrombosis (ARR = 4; 95% CI = 1.5–11.6).
Conclusion: Our study supports the preferential use of PORTs for the first line of 
treatment for DLBCL patients.
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Novelty Statement: Both peripherally inserted central catheters (PICCs) and implanted port catheters (PORTs) are commonly used for the delivery of immunochemotherapy in DLBCL 
patients with no clear choice recommendations. We report a significant increased risk of 3–4 times for both infections and thrombosis with PICCs. Our study supports the preferential 
use of PORTs for the first line of treatment for DLBCL patients.  
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1  |  INTRODUC TION

Diffuse large B-cell lymphoma is the most frequent non-Hodgkin 
lymphoma (NHL) subtype in Western European countries and the 
United States. Currently, approximately 65% of patients can be cured 
by the gold standard combination of anthracycline-based chemo-
therapy and anti-CD20 monoclonal antibodies, namely, R-CHOP- or 
R-CHOP-like regimens.1 Four to eight cycles are usually delivered 
every 14–21 days (6–8 x R-CHOP21 or RCHOP14), thereby justify-
ing the usage of a central venous line to deliver safely drugs that 
must be centrally administered. Both peripherally inserted central 
catheters (PICCs) and implanted port catheters (PORTs) are com-
monly used in daily oncology practice for the delivery of chemother-
apy and the collection of blood samples.2 PORTs are traditionally 
used for chemotherapy administration, but their implantation and 
removal are invasive. Their use for short/intermediate-term chemo-
therapy is still the standard of care. In contrast, PICCs can be easily 
implanted and removed, particularly when patients become neutro/
thrombocytopenic, and are now widely used for patients with can-
cer. The main complications of both types of central venous devices 
(CVDs) are thromboembolic events and infections.3

Clinical guidelines indicate no clear preference between PICCs 
and PORTs for the infusion of chemotherapy when the planned 
duration exceeds one month.3,4 However, the results of a few ran-
domised trials and a meta-analysis that were performed in non-
haematological malignancies are consistent with a higher risk for 
catheter-related venous thrombosis (VT) and other adverse events 
with PICCs than with PORTs.2,5–8

While these complications are highlighted in the context of 
non-haematological cancers, they may be of particular concern in 
haematological malignancies that are characterised by significant 
immunodepression and frequent coagulation disorders. In a retro-
spective analysis, it was shown that patients with lymphoma were 
almost 4 times as likely to develop PICC-related VT as those with 
other types of cancer.9 More specifically, among lymphomas, diffuse 
large B-cell lymphoma (DLBCL) is associated with a higher risk of 
thromboembolic events than follicular lymphoma (FL) or Hodgkin 
lymphoma (HL), and most of these events occur within three months 
after diagnosis.10 Many other independent parameters have been 
associated with an increased risk of thromboembolic events in lym-
phoma patients, including history of thrombosis, obesity, mediasti-
nal involvement, extranodal localisation, reduced mobility (ECOG 
performance status 2–4), neutropenia (1 G/L) or anaemia (< 10 g/
dL), thereby leading to the definition of the thrombosis lymphoma 
score (ThroLy).11

In this context, the choice of intravenous device could be cru-
cial for limiting the number of complications and ensuring treat-
ment continuation. Notably, conventional central venous catheters 
(cCVCs) are associated with the highest risk of catheter-related com-
plications; hence, these devices should no longer be used in hae-
matological malignancies.12,13 The aim of this study was to compare 
the safety of PICCs and PORTs in a homogeneous and monocen-
tric population of DLBCL patients who were treated with first-line 

immunochemotherapy by evaluating the numbers of thromboem-
bolic events and infections that occurred in the six months following 
implantation according to the device that was used.

2  |  PATIENTS AND METHODS

2.1  |  Patient population

This retrospective study was conducted at the Cancer Institute 
Centre Henri Becquerel, Rouen, France. All patients who were di-
agnosed with DLBCL between January 2010 and April 2020 at this 
institution were screened. The inclusion criteria were patients older 
than 18 who were diagnosed with histologically proven primary 
DLBCL or transformed low-grade lymphomas that justified a first 
line of immunochemotherapy.

The exclusion criteria were ongoing systemic infection, plate-
let count <50 G/L, prothrombin time ratio (PR) <50% that was not 
attributed to anticoagulant therapy, haemophilia and superior vena 
cava syndrome. Patients who were undergoing curative anticoag-
ulant therapy at the time of diagnosis were not excluded from the 
study. **

2.2  |  Central venous devices

The devices were centrally implanted by the same team using ultra-
sonography (US)-guided catheter placement. PICCs were implanted 
using the basilic or brachial vein, and PORTs were implanted in the in-
ternal jugular or subclavian vein. The PICC devices were PowerPICC 
SOLO2 (Becton Dickinson,) catheters with 4 Fr. single lumen. The 
PORT devices were X-PORT isp (Becton Dickinson) implanted ports 
with a 6 Fr. single lumen for patients with a body mass index (BMI) 
that exceeded 23 kg/m2 and UltraSlimPort (Becton Dickinson) de-
vices with a 6 Fr. single lumen for patients with BMI <23 kg/m2. All 
devices were tested and flushed immediately after implantation. A 
chest X-ray to confirm the position of the device after implantation 
was mandatory. After implantation, the PICCs were flushed every 
week using a 0.9% normal saline solution, and the occlusive dress-
ing was changed as recommended.4 In this retrospective study, the 
choice of the device was guided by patient preference, physician 
preference or availability/organisational considerations of the sur-
gery department.

2.3  |  End-points

The primary objective of this study was to compare the safety pro-
files of the two types of implanted devices, which were defined by 
the probability of a catheter-related serious adverse event (SAE) 
in the six months following implantation. According to the com-
mon terminology criteria for adverse events (CTCAE), version 
5, catheter-related SAE was defined as either catheter-related 
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venous thrombosis (CR-VT) or infection (CR-I) of grade ≥3 or that 
induced a delay in chemotherapy administration of >7 days or re-
quired the replacement of the implanted device or the use of cura-
tive anticoagulation.

Thromboembolic adverse events (AEs) were explored in cases of 
clinical suspicion, as in daily practice but without systematic screen-
ing. All thromboembolic AEs were confirmed by an ultrasound or com-
puted tomography (CT) scan. Infection of the implanted devices was 
defined as either exit site infection or catheter-related bloodstream 
infection according to the French National Committee on Nosocomial 
Infections and Care-Related Infections (CTINILS)14 (complete CTINILS 
criteria are provided as supplementary data). Purulence at the cath-
eter insertion site or repeated occurrences of shivers after catheter 
flushing or manipulation were also considered infectious events, as in 
previous studies.15–17 A sensitivity analysis was performed considering 
only infectious events according to the CTINILS criteria.

A composite parameter that was based on the combination of 
one or more of these complications (CR-VT and CR-I) was used as 
the primary endpoint. Separate analyses of CR-VT and CR-I were 
performed as secondary endpoints.

2.4  |  Ethical and regulatory aspects

The study was approved by the Internal Review Board of the Centre 
Henri Becquerel (IRB number 2107B); all patients gave their consent 
for clinical retrospective analysis of their anonymous medical data.

2.5  |  Statistical analysis

Based on preliminary results that were obtained by computer-based 
estimation by our database centre, we estimated the probability of 
thrombosis to be 1.95% using PORTs and 6.95% using PICCs and the 
probability of infections to be 5.81% using PORTs and 11% using 
PICCs. Based on these estimates, with a risk alpha of 5% and a risk 
beta of 10%, a sample size of 454 provided a 90% chance of correctly 
identifying the device with the higher risk of thrombosis/infections.

In this nonrandomised retrospective analysis, a propensity score-
based analysis using inverse probability of treatment weighting was 
performed to reduce bias.18 Briefly, the distributions of many mea-
sured putative confounders were summarised in a single score based 
on the probability of receiving a PICC versus a PORT (comparator 
population).19 A logistic regression model was used to calculate the 
propensity score. The preselected variables in this model included 
age and sex, Ann Arbor stage, LDH level, performance status (ECOG 
scale), treatment with antiplatelet agents or anticoagulants, throm-
bosis past history, platelet count, PR, neutrophil and lymphocyte 
count, HIV status, type of chemotherapy, interval time between 
device implantation and chemotherapy initiation, socio-economic 
status, presence of a caregiver at home, cognitive or locomotor lim-
itation, psychiatric condition, catheter laterality and date of catheter 
implantation.

To evaluate the association between device type and the oc-
currence of complications, we fitted a logistic regression model 
with a propensity score adjustment. Adjusted relative risks (ARRs) 
were computed using the marginal effects method with boot-
strapping to calculate confidence intervals. The ARR of cath-
eter complications for each considered risk factor, adjusted for 
the catheter type, was computed based on a modified propen-
sity score that was calculated without the risk factor of interest. 
The results are presented in a forest plot. This analysis was per-
formed with a descriptive purpose without correcting for multiple 
comparisons. Kaplan–Meier curves for the times between device 
implantation and events were computed and compared using 
likelihood-ratio tests. Statistical analyses were performed using 
R software R 4.1.0 and the main packages used were “boot” for 
bootstrap, “survey” for inverse probability weighting, “mice” for 
multiple imputation and “survival” for survival analysis. All tests 
were two-sided and p-values lower than .05 were regarded as sta-
tistically significant.

3  |  RESULTS

3.1  |  Population description

After selection according to the inclusion/exclusion criteria, 479 pa-
tients were retained for the analysis (Figure 1). Among them, 266 
patients were treated using a PORT, and 213 were treated using a 
PICC. The main clinical features of the overall population and ac-
cording to the type of intravenous implanted device are described 
in Table  1. Patients with a PICC and patients with an implantable 
PORT differed significantly in terms of age, performance status and 
chemotherapy regimen. PICC use was also more frequent among pa-
tients with lower PR, with antiplatelet or anticoagulant treatment, 
or with a history of thromboembolic events or locomotor disability. 
Left implantation was more frequent among patients with a PICC 
than with a PORT. PORTs were more frequently implanted before 
2015, while PICC lines were more frequently implanted after 2015. 
In contrast, features such as sex, BMI, age-adjusted International 
Prognostic Index (aaIPI), and Ann Arbor stage were similar between 
the two groups.

3.2  |  Numbers of thrombotic and infectious events 
according to the type of device

Twenty-six TE (5.4%) events and 30 infections (6.3%) were identi-
fied in the six-month period following PICC/PORT implantation in 
this first line (1L) DLBCL population, which led to 50 catheter-related 
serious adverse events (10.4%). The flow chart of selection event 
is represented in Figure S1. Among the patients who experienced 
these adverse events, 6 experienced catheter-related septic throm-
bophlebitis, which is defined as the concurrent occurrence of both 
infection and thrombosis.
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Among the 26 venous thrombosis events that were confirmed by 
Doppler or CT scans in the overall cohort, the thrombosis locations 
were as follows: right basilic vein (x2), left basilic vein (x5), upper 
vena cava (x2), right internal jugular vein (x5), left internal jugular 
vein (x2), right subclavian vein (x6), left subclavian vein (x3) and not 
available (x1) (Table S1). Among patients with PICCs, the thrombus 
site was a basilic vein in 6/16 cases, a subclavian vein in 6/16 cases, 
an internal jugular vein in 2 cases and the upper vena cava in 1 case. 
Among patients with PORTs, most thrombosis sites were an internal 
jugular vein (5/10) or a subclavian vein (3/10). Among the 30 infec-
tious events, 20 patients had catheter-related bloodstream infec-
tions, 9 patients had exit-site infections, and 1 patient experienced 
repeated occurrences of shivers after catheter flushing or manipula-
tion without isolation of a pathogen (Table S1).

The majority of infectious events that were associated with 
PORTs were bloodstream infections (7/8), while 13 of the 22 infec-
tious events in patients with PICCs were bloodstream infections. 
The identified pathogens were gram-positive cocci (GPC) in 10 
cases, gram-negative bacilli (GNB) in 11 cases and other pathogens 
in 3 cases. In the PICC group, 9 of 16 infectious events with identi-
fied pathogens were caused by GNB versus 2 GNB infections over 8 
infectious events with identified pathogens in the PORT group. The 
majority of the events, especially in the PICC group, occurred within 
the first three months following device implantation (Figure 2).

The ARR based on the propensity score according to the type of 
device is presented in Table 2. The results indicate that the PICC de-
vice is associated with a higher risk of catheter-related serious adverse 
events within 6 months after implantation, with an ARR of 2.6 [95% 
CI = 1.3–5.9], p = .008. This risk increase for the PICC device was sig-
nificant for both infectious events (ARR = 3.2, 95% CI =  [1.3–10.9], 

p  =  .015) and venous thrombosis (ARR=4.0, 95% CI  =  [1.5–11.6], 
p =  .009) (Table 2). The estimated absolute risks of catheter-related 
serious adverse events in the propensity score analysis were 14% [8%-
16%] in the PICC group and 5% [2%-8%] in the PORT group (absolute 
risk reduction: 9%). This means that the estimated number needed to 
treat (NNT) with a PORT rather than a PICC to avoid one complica-
tion is 11. The sensitivity analysis conducted when excluding infec-
tious events outside of CTINILS criteria showed very similar results 
for catheter-related serious adverse events, with an ARR 2.5 [1.1–5.8], 
p = .02. This can be explained by the fact that half of these infectious 
events were septic thrombophlebitis and were therefore still reported 
as adverse events. When focusing only on infectious events, the com-
parison between PICC and PORT became non-significant after ex-
cluding non-CTINILS events (ARR 2.6 [0.9–8.2], p = .08).

PICCs were withdrawn in 23 cases and PORTs in 7 cases. Among 
the 30 patients whose catheters were withdrawn, 22 had a catheter-
related infectious event, and 8 had venous thrombosis without infec-
tion. Chemotherapy was postponed for 12 patients, among which 3 
patients received PORTs and 9 patients received PICCs.

Figure 3 shows a forest plot for the ARR of catheter-related seri-
ous adverse events according to the potential risk factors that were 
considered in the propensity score analysis. Few factors were found 
to be associated with the risk of catheter complications outside of 
the highest LDH levels (ARR 3.8 [1.7–15.2]).

4  |  DISCUSSION

To the best of our knowledge, we report the largest cohort of patients 
with DLBCL who were treated with first-line immunochemotherapy, 

F I G U R E  1  Flowchart of the study
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TA B L E  1  Clinical and demographic features of the overall cohort 
and according to the type of device

Variable
PORT 
n = 266 (%)

PICC 
n = 213 (%)

p 
value

Age (years) (mean (sd)) 64 (13) 67 (15) .05

Gender .49

Male 142 (53.4) 107 (50.2)

Female 124 (46.6) 106 (49.8)

Date of insertion of the 
central device

<.001

2010–2015 174 (65.4) 58 (27.3)

2015–2020 92 (34.6) 155 (72.7)

Catheter laterality (NA = 1) .002

Right 213 (80.1) 143 (67.1)

Left 53 (19.9) 69 (32.4)

Performance status (NA = 2) (NA = 8) <.001

≤2 244 (91.7) 159 (74.6)

>2 20 (7.5) 46 (21.6)

Body mass index 
(mean(sd))

26.1 (4.9) 
(NA = 2)

26.8.8 (5.9) .18

Caregiver at home (NA = 14) (NA = 2) .04

No 60 (22.6) 68 (31.9)

Yes 192 (72.2) 143 (67.1)

Profession (NA = 44) (NA = 36) .61

Working-class 66 (24.8) 62 (29.1)

Craftsmen, business 
owners

21 (7.9) 11 (5.2)

Managers and intellectual 
professions

36 (13.5) 24 (11.3)

Employees 65 (24.4) 54 (25.4)

Intermediate 
professions

34 (12.8) 26 (12.2)

Days between catheter 
insertion and initiation 
of chemotherapy

<.001

0 59 (22.2) 77 (36.2)

1–5 55 (20.7) 68 (31.9)

5–13 68 (25.6) 50 (23.5)

>13 84 (31.6) 18 (8.5)

Mediastinal involvement (NA = 1) .11

No 169 (63.5) 124 (58.2)

Lower than 7 cm 92 (34.6) 77 (36.1)

Greater than 7 cm 5 (1.9) 11 (5.1)

Ann Arbor stage (NA = 1) .71

Stade 1–2 62 (23.3) 38 (17.8)

Stade 3–4 203 (76.3) 175 (82.2)

aaIPI .08

0–1 61 (22.9) 35 (16.4)

2–3 205 (77.1) 178 (83.6)

LDH (UI/L) .06

(Continues)

Variable
PORT 
n = 266 (%)

PICC 
n = 213 (%)

p 
value

≤350 76 (28.6) 45 (21.1)

>350 190 (71.4) 168 (78.9)

Lymphocyte count (G/L) 
(mean (sd))

1.98 (1.94) 
(NA = 2)

1.82 (6.56) .77

Platelet count (G/L) (mean 
(sd))

283 (110) 
(NA = 2)

299 (142) .19

Neutrophil count (G/L) 
(mean (sd))

6.1 (3.4) 
(NA = 1)

7.0 (4.2) .01

APTT (NA = 3) .13

≤1.2 245 (92.1) 190 (89.2)

>1.2 18 (6.8) 23 (10.8)

Prothrombin ratio (NA = 1) .03

≥70% 250 (94) 189 (88.8)

<70% 15 (5.6) 24 (11.3)

Chemotherapy .01

RCHOP 132 (49.6) 86 (40.4)

RMINICHOP 38 (14.3) 47 (22.1)

RACVBP 49 (18.4) 27 (12.7)

Other* 47 (17.7) 53 (24.9)

History of 
thromboembolic 
events

.001

No 251 (94.4) 182 (85.4)

Yes 15 (5.6) 31 (14.6)

Anti-platelet treatment (NA = 1) (NA = 1) .03

No 228 (85.7) 167 (78.4)

Yes 37 (13.9) 45 (21.1)

Anticoagulant drug (NA = 1) <.001

No 241 (90.6) 169 (79.3)

Yes 24 (9) 44 (20.7)

Psychiatric medical 
history

.56

No 234 (88.0) 191 (89.7)

Yes 32 (12.0) 22 (10.3)

Psychotropic drug (NA = 1) .49

No 223 (83.8) 184 (86.4)

Yes 42 (15.8) 29 (13.6)

Cognitive disorders .25

No 240 (90.2) 185 (86.9)

Yes 26 (9.8) 28 (13.1)

Locomotor disability .002

No 248 (93.2) 180 (84.5)

Yes 18 (6.8) 33 (15.5)

Abbreviations: aaIPI, age-adjusted International Prognostic Index; 
APTT, activated partial thromboplastin time; NA, not available.
*Other chemotherapy regimens included: R-MPV (R-methotrexate 
vincristine and procarbazine), R-C5R (R-COPADEM + R-CYM), R-
CHP-polatuzumab, R-gemcitabine-oxaliplatin, R-CHOP-Tazemetostat, 
R-CHOP-Methotrexate.

TA B L E  1  (Continued)
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for which we describe thrombotic and infectious complications ac-
cording to the type of central venous catheter that was used. We 
identify an estimated twofold increased risk of venous thrombosis 
and infectious complications in the 6 months following the implanta-
tion of PICC devices compared to PORTs. Importantly however, the 
number of postponed chemotherapy cycles remained low with the 
two types of devices; hence, there should not be a major effect on 
dose intensities, which is crucial for the treatment of DLBCL.

Several differences between PICCs and PORTs could explain 
this increased risk of complications associated with PICCs. The 
PORT device is directly inserted in a large diameter vein, while the 
PICC device is inserted in a basilic or brachial vein, with a lower 
diameter. A higher vein-to-catheter ratio has been described as 
associated with a reduction of blood flow resulting in a higher 
risk of thrombotic events.20 In this study however, the PICC de-
vices used were all small catheters (4 Fr.) in order to limit the risk 
of thrombotic events.21 In terms of infections, migration of skin 
microorganisms along the catheter external surface is one of the 
main described mechanisms of catheter-related infections.22 The 
external section of the PICC device is therefore likely to explain an 
increased risk of infection.

These results are in accordance with those reported in nonhae-
matological malignancies, as indicated by a comparison with sys-
tematic review data.23–25 The rate of CR-VT, which was confirmed 
by Doppler or CT scans, was 5.4% in this DLBCL cohort. In com-
parison, in three randomised trials that involved solid tumours, the 
rate of CR-VT was 4.5%–7.2%.2,5,8 Among these studies, the CAVA 
trial included patients with haematological malignancies, although 
in smaller numbers, which did not enable the authors to identify 
the preferred device in this group.8 Additionally, it has been shown 
that despite a lower apparent cost associated with PICCs, the cost 
from a health care perspective is higher in cancer patients who 
receive a PICC than in those who receive a PORT, and discom-
fort is more frequently reported in the middle or at the end of 
treatment.5,26

F I G U R E  2  Kaplan–Meier curves for 
catheter-related serious adverse events
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TA B L E  2  Relative risk of venous thrombosis, infection and 
overall catheter-related serious adverse events adjusted by the 
propensity score according to the type of device

Event n (%)
No event 
n (%) ARR [CI95%]

p 
value

Event: catheter-related serious adverse event (CR-VT or CR-I)

PORT 18 (6.8%)] 248 (93.2%) 1 .008

PICC 32 (15.0%) 181 (85.0%) 2.6 [1.3– 5.9]

Event: catheter-related infection (CR-I)

PORT 8 (3.0%) 258 (97%) 1 .015

PICC 22 (10.3%) 191 (90%) 3.2 [1.3– 10.9]

Event: catheter-related venous thrombosis (CR-VT)

PORT 10 (3.8%) 256 (96.2%) 1 .009

PICC 16 (7.5%) 197 (92.5%) 4.0 [1.5–11.6]

Abbreviations: ARR, adjusted relative risk; CI, confidence interval; CR-I, 
catheter-related infection; CR-VT, catheter-related venous thrombosis.



    |  47PÉNICHOUX et al.

F I G U R E  3  Forest plot of the adjusted relative risks for catheter-related serious adverse events

Body Mass Index..Lower than 20 kg/m2

Body Mass Index..Greater than 30 kg/m2

Body Mass Index..From 25 to 30 kg/m2

Date of KT insertion.2016-2020

Days between KT insertion and chemo..more than 7 days

Anti-platelet treatment.Yes

Performance status.Greater than 2

Mediastinal involvement.Yes

Ann Arbor Stage.Stage 3-4

LDH..Greater than 350 U/L

APTT..Greater than 1.2

Prothrombin Ratio..Lower than 70%

Platelets..Lower than 150 G/L

Platelets..Greater than 400 G/L

Lymphocytes..Lower than 1 G/L

Lymphocytes..Greater than 4 G/L

Neutrophils..Lower than 1 G/L

Neutrophils..Greater than 7 G/L

Chemotherapy type.RMINICHOP

Chemotherapy type.RACVBP

Chemotherapy type.Other

Psychotropic drug.Yes

Psychiatric medical history.Yes

Cognitive disorders.Yes

Locomotor disability.Yes

Catheter laterality.Left

Caregiver at home.Yes

Profession.Intermediate professions

Profession.Employees

Profession.Managers

Profession.Craftsmen and business owners

Age..Greater than 65

Gender.Female

0 10 20 30

ARR [CI 95%]
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The comparison of the two device types is difficult to conduct, with 
studies that are either retrospective with limits inherent to the type of 
study, or randomised trials that in this context are often characterised 
by a high refusal rate (~50%), which suggest that patients who enrol in 
prospective trials are not necessarily representative.2,5 The main limit 
of our study is its retrospective nature. The choice of the device was 
based on nonformalised criteria, which included mainly surgery ac-
cessibility or availability and the wait time of the anaesthesia-surgery 
department. Notably, we excluded specified high-risk situations, such 
as patients with superior vena cava syndrome.

Patients with PORTs versus PICCs differed significantly (Table 1) 
according to various clinical features, including performance status, in-
terval between implantation and first chemotherapy cycle, anticoagu-
lation usage and left implantation. These characteristics may influence 
the risk of complication. A Propensity-score based method was used 
to limit the impact of these confounders. Many potential confounders 
were included to reduce the potential selection bias to a minimum. 
However, this may result in overfitting the propensity score logistic 
regression and therefore in large confidence intervals. Therefore, care 
is needed in the interpretation of the magnitude of the effect that was 
shown. Another limit of this study is its single-centre design. The ex-
tent to which the results would apply to other types of devices than 
the ones used in our centre, other team habits or other patient pop-
ulations, is uncertain. However, we show an increased risk of venous 
thrombosis with PICCs despite the use of low diameter PICC devices.

What are the practical consequences of these findings? The use 
of systematic anticoagulation to prevent central venous catheter 
complications in the field of haematological cancer is still a matter 
of debate. More specifically, no randomised trials have been con-
ducted to evaluate thrombosis prophylaxis in lymphoma patients. In 
general, thrombosis prophylaxis in lymphoma patients is underused 
because of a potentially high risk of bleeding, which is related mainly 
to chemotherapy-induced thrombocytopenia.27 Thromboembolic 
events are a frequent complication of DLBCL that occur particularly 
at diagnosis or during initial therapy and are associated with a worse 
prognosis.28,29 A risk assessment model (RAM), namely, ThroLy, for 
the prediction of thromboembolic events in lymphoma has been de-
veloped and may be useful for guiding prophylaxis. However, this 
RAM was established in a heterogeneous population of lymphoid 
malignancies (NHL, HL, chronic lymphocytic leukaemia, and only 
42% of aggressive lymphomas), where only 2/1820 patients devel-
oped CR-VT.11 This suggests that this score is not directly applicable 
to select patients for CR-VT prophylaxis. Conversely, the Michigan 
risk score was developed in order to predict PICC-related thrombo-
sis, in a heterogeneous population in which 6.2% were treated for 
active cancer.30 In this score, active cancer was a risk factor of PICC-
related thrombosis. However, considering the unknown proportion 
of patients with haematological malignancy, the extent to which this 
score can apply to lymphoma patients in order to guide prophylaxis 
is uncertain. Similarly, the prophylactic use of systemic antibiotics is 
not recommended before insertion. The available data are not suf-
ficient for recommending for or against the routine use of antibiotic 
flush/lock therapy.4

Recently, the CAVA trial compared the complication rates and 
costs of three devices to establish the acceptability, clinical effective-
ness, and cost-effectiveness of the devices for patients who are re-
ceiving systemic anticancer treatment. In this multicentric randomised 
trial, PORTs appeared to be more effective and safer than both 
Hickman catheters and PICCs. However, due to the small numbers of 
haematological malignancies in CAVA, the authors did not draw any 
conclusion in this subgroup.8 Whereas current guidelines provide in-
sufficient information for recommending one type of CVD over an-
other,4 our study provides data suggesting that PICCs are associated 
with more complications than PORTS for the first line of treatment for 
DLBCL patients. The choice of a device should take this into account, 
as well as patients’ preference and anaesthetist/surgeon availabili-
ties. Additionally, the choice of the device should take into account 
other risk factors of catheter complications (e.g. high LDH according 
to this study, or other risk factors of PICC-related VT according to the 
Michigan risk score, although data remain insufficient to draw specific 
recommendations according to risk factors. The use of a PICC could 
justify preventive measures such as the use of heparin thrombosis pre-
vention, even if this procedure remains a matter of debate, and a pro-
spective randomised trial in the setting of DLBCL would be of interest.
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