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Abstract

Purpose: Catheter-related complications are observed in infusion of chemotherapy, and these were encountered
with targeted therapies. Our principle is to study non-mechanical effects of type and initiation time of chemotherapy
among the other factors on patency of totally implantable vascular access devices (TIVAD) inserted in patients with
colorectal carcinoma.

Methods: This is a one-center retrospective cohort study. We analyzed TIVAD related complications in 624 patients
with colorectal carcinoma. The patients were categorized by chemotherapy type (non-target-directed chemotherapy
agents (Group A), bevacizumab (Group B), and cetuximab (Group C)). Additionally, we divided the patients into groups
by the time interval between TIVAD insertion and chemotherapy initiation. According to our study, a 3-day period
was optimal. Therefore, we named the groups as within 3days and beyond 3 days, and called this process 3 days cut-
off. Age, gender, jugular-subclavian access, platelet count, INR, the types of chemotherapy, and the initiation time of
chemotherapy were investigated by survival tests. We compared chemotherapy type groups both one-by-one and
combined into one group.

Results: The TIVADs were removed due to the complications in || patients of Group A, 6 patients of Group B, and
3 patients of Group C. Only chemotherapy type was significant (p=0.011) in Cox regression test. A clear difference
(p=0.010) was detected between the catheter patency of Group A and combination of Groups B and C, because of skin
necrosis and thrombosis. Within 3 days of their first chemotherapy day, an important difference between Group A and
Group C (p=0.013) was observed in the TIVAD patency. The same observation was made between Group A and Group
B (p=0.007). Beyond this period, no major difference was detected (p=0.341).

Conclusion: A major effect on catheter patency was detected by using the target-directed chemotherapy agent within
3 days, which should be considered in target-directed chemotherapy.
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Introduction

The use of TIVADs became standard practice.'> Infusion
chemotherapy may lead to TIVAD-related complications,
which are increasing due to usage of targeted chemother-
apy.® The most common complications are infection and
thrombosis, ranging from 4% to 15%.3 Molecular targeted
therapies involve various monoclonal antibody agents;
cetuximab (anti-EGFR: epidermal growth factor receptor)
and bevacizumab (anti-VEGF: vascular endothelial growth
factor).> Cetuximab therapy may increase the wound
complication risk, due to its inhibition of epithelial cell
proliferation and angiogenesis, which are requirements for
normal wound repair.* Also, bevacizumab therapy may
delay wound healing and predispose to bleeding.’

The objectives of this study are to examine non-
mechanical effects (venous thrombosis, catheter occlu-
sion, infection, bleeding, and skin necrosis/wound
infection) of chemotherapy type and timing among the
other factors (age, gender, access method (jugular or sub-
clavian), international normalized ratio (INR), and platelet
count) on the patency of TIVAD (the primary outcome
measure is unplanned TIVAD removal due to non-mechan-
ical complications), using ultrasonography (US) and fluor-
oscopy guidance in colorectal carcinoma patients.

Patients and methods

Patients and TIVADs

Between 2009 and 2017, TIVADs were inserted in 624
colorectal carcinoma patients: 241 of them were female,
383 were male, with a mean age of 57.8 = 11.3 (range;
20-84)years. Our study was designed as retrospective
study.

All of the patients had malignancies with or without
metastases. Age, gender, access method (jugular or subcla-
vian), INR, platelet count, the types of chemotherapy
given to patients (bevacizumab, cetuximab, and other
chemotherapy agents), and the time interval of chemother-
apy between TIVAD insertion and chemotherapy initiation
were recorded in our database. In this study, we assessed
the resectability of colorectal cancer after radiological and
surgical consultations. Metastatic patients with resectable
and unresectable primary tumor were administered non-
target and target metastatic chemotherapy, respectively.
The patients with unresectable primary tumor underwent a
multidisciplinary evaluation of their clinical and labora-
tory features, right or left side primary, previous therapy,
molecular genetic analysis, and allergy. According to this
judgment, we selected either bevacizumab or cetuximab in
targeted chemotherapy.

All of the used TIVADs (7-8 French silicone cathe-
ters) were designed as single titanium chamber. Platelet
count, INR were assessed. We corrected the deficiencies
in case of coagulopathy. No antibiotic prophylaxis was

administered. The exclusion criteria were active infec-
tions, uncorrected coagulopathy (platelet <30 X 1073 p/L,
INR > 1.8), and lack of informed consent by the patient
or his/her legal representative.

Procedure technique

The TIVADs were placed into jugular or subclavian under
US and fluoroscopy guidance. If the chest had hair, it was
clipped. The area of chest was sterilized with a solution
containing povidone-iodine 10% with 70% ethyl alcohol.
We waited until the skin was dry before inserting a needle.
Sedation was given to uncooperative patients.

We performed the intervention by the same method
described in a previous study.® Central venous access was
performed with an 18 Gauge Seldinger needle, and guide
wire was moved forward into the vena cava superior. Then,
a subcutaneous pocket was opened using scalpel and
clamps. The TIVAD was tunneled with a trocar and was
flushed with diluted heparin (100 [U/mL) before insertion.
The TIVAD chamber was not sutured to fascia. The cath-
eter was moved into superior vena cava -right atrium junc-
tion, by using a peel away sheath. The tip position of the
catheter was confirmed by fluoroscopy. The incision was
closed with 3-0 vicryl subcutaneous suture. The skin was
sutured with polypropylene stitches (we used silk suture in
the first 2years), also a control chest X-ray was specifi-
cally taken 2 h after in case of pendulous breast. We used
non-heparinized 0.9% NaCl solution after each treatment
and every month thereafter.

Ethics, complications, and statistics

This study was approved by the Ethical Committee of our
institution (decision number: 2015-02/146). Informed con-
sent was obtained from each patient. Following approval
of the hospital board, the data were obtained from records
and the patients were categorized according to whether by
their last follow-up visit or death. Follow up period was
accepted as the time elapsed from TIVAD placement to its
removal or the last follow-up of the patient or death.

Complications were described and managed accord-
ing to the guideline.” Early and late complications were
defined as those occurring before and after 30days,
respectively.” Only non-mechanical complications
(venous thrombosis, catheter occlusion (excluding
TIVAD flip-over, catheter fracture, migration, kinking,
distortion, and displacement), infection, bleeding, and
skin necrosis/wound infection) were taken into account
in this study.

Some patients underwent unplanned TIVAD removal
due to non-mechanical complications. We called this sit-
uation an “event.” If there was no event, the patency time
was considered equal to the survival period but censored.
Patients were classified due to chemotherapy type groups
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Table I. Comparison of demographic features of patients among the chemotherapy type groups.

Characteristics Total Non-target-directed ~ Bevacizumab Cetuximab p-Value
(Group A) (Group B) (Group Q) (95% Cl)
Age (years) 577 %113 577 %115 575*10.7 59.0x10.1 0.812
Gender
Women 241 (38.4%) 194 (39.8%) 37 (34.9%) 10 (33.3%) 0.539
Male 383 (61.1%) 294 (60.2%) 69 (65.1%) 20 (66.7%)
Access vein
Jugular 587 (93.6%) 459 (94.1%) 98 (92.5%) 30 (100%) 0.303
Subclavian 37 (5.9%) 29 (5.9%) 8 (7.5%) 0 (0%)
Platelet count X 1073 /L 295.7 £ 106.7 297.5+106.8 284.4+109.9 306.5+92.9 0.443
International normalized ratio (INR) 1.001 =0.124 0.994+0.123 1.021 =0.124 1.050 = 0.131 0.012
Living status
Death 13 (2.1%) 9 (1.8%) 4 (3.8%) 0 (0%) 0.323
Live 611 (97.9%) 479 (98.2%) 102 (96.2%) 30 (100%)
The patency time (days) 444.2 = 385.6 474.1 = 409.4 356.5 = 264.1 267.5+225.9 0.001
(1-1787) (1-1787) (1-1412) (8-882)
Groups’ numbers 624 488 106 30

Note. Numbers are mean = 2SD; number (percent); mean = 2SD (minimum—maximum). In order to evaluate the distribution of groups, p-value was
obtained from Chi-square analysis for non-parametric variables and from independent-samples T test for parametric ones. No significant difference

in demographic data was found among chemotherapy type groups except for patency time.

as follows: non-target-directed chemotherapy (Group A),
bevacizumab (Group B), and cetuximab (Group C).
Three days cut-off was also taken into account during
classification. This 3-day cut-off does not mean duration
of the drug cycle, but it represents the period between
TIVAD placement and chemotherapy start. Age, gender,
jugular-subclavian access, platelet count X107 u/L, INR,
the type of chemotherapy (which creates Group A, Group
B, and Group C), and the time interval of chemotherapy
(which creates chemotherapy timing groups) were exam-
ined as variables.

The demographic features of the patients, were cate-
gorized by their chemotherapy type groups and chemo-
therapy interval time groups, and were analyzed. In
order to evaluate the distribution of these groups, the p
values were obtained from Chi-square test for non-para-
metric variables and from independent-samples 7 test
for parametric ones. Similarly, the complications of
Groups A, B, and C were also investigated. The patency
periods of the TIVADs were analyzed by both univariate
Kaplan-Meier survival analysis and multivariable Cox
regression test. Additionally, by using the former test
with Log rank (Mantel-Cox) comparisons over strata
(both pooled and pairwise), for each stratum, and pair-
wise for each stratum, survival analysis was performed
for groups and combination of groups in the categorical
variable. Depending on the results of for Kaplan-Meier
survival analysis, we compared Groups A, B, and C both
one-by-one and combined into one group. In addition,
Groups A, B, and C were stratified by 3 days cut-off for
this analysis. Significance was established when p value
was less than 0.05 with 95% confidence interval.

Results

No periprocedural complication was observed. About
132 days after the procedure, a late complication was seen
in a patient who had jugular access (a 69-year-old male
with skin necrosis and infection, related to bevacizumab
use). The TIVAD was removed, and replaced after 3 months.

Table 1 shows demographic features of patients
included in the study, categorized by their chemotherapy
type groups. The mean follow-up period was
444.2 +385.6days (1-1787 days). A total of 624 patients
were enrolled. About 488 patients were administered
chemotherapy as non-target-directed agents (Group A),
remaining 136 patients as target-directed agents (106
patients of Group B, 30 patients of Group C). The mean
platelet count was 295.7 = 106.7 X 1073 u/L and INR was
1.001 =0.124.

Table 2 shows demographic features of patients cate-
gorized by their chemotherapy time interval. The number
of patients given chemotherapy beyond 3 days detected
as 60 patients of Group A, 11 patients of Group B, and 5
patients of Group C. In total, there was 16 patients of
Groups B and C, which represents the groups given the
target-directed agents.

There was no difference in the dose, time, and regimen
of the cytotoxic agents used between target-directed drugs.
We clarified the details of the characteristics of patients
(metastatic or adjuvant, first-line or second-line chemo-
therapy). Adjuvant chemotherapy was given to 460
(73.7%) patients of Group A. Metastatic chemotherapy
was administered to a total of 164 (26.3%) patients: 28
(4.5%) patients of Group A, 106 (17.0%) patients of Group
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Table 2. Comparison of demographic features of patients between the chemotherapy timing groups.

Characteristics Total Within 3 days Beyond 3 days p-Value (95% ClI)
Age (years) 577113 577114 57.610.9 0.943
Gender
Women 241 (38.4%) 207 (37.8%) 34 (44.7%) 0.243
Male 383 (61.1%) 341 (62.2%) 42 (55.3%)
Access vein
Jugular 587 (93.6%) 518 (94.5%) 69 (90.8%) 0.196
Subclavian 37 (5.9%) 30 (5.5%) 7 (9.2%)
Platelet count X 1073 p/L 295.7 £ 106.7 296.0 = 107.5 293.3 = 101.1 0.836
International normalized ratio (INR) 1.001 £0.124 1.000 £0.122 1.013£0.138 0.373
Living status
Death 13 (2.1%) 12 (2.2%) I (1.3%) 0617
Live 611 (97.9%) 536 (97.8%) 75 (98.7%)
The patency time (days) 4442 +385.6 451.4+3825 392.2 £ 406.0 0.234
(1-1787) (1-1787) (13-1729)
Groups’ numbers 624 548 76

Numbers are mean = 2SD; number (percent); mean = 2SD (minimum—maximum). Total patency days were 277,154 of total, 247,344 of the time
intervals within 3 days, and 29,810 of beyond 3 days. In order to evaluate the distribution of groups, p value was obtained from Chi-square analysis
for non-parametric variables and from independent-samples T test for parametric ones. No significant difference in demographic data was found

between chemotherapy timing groups.

Table 3. Comparison of non-mechanical complications leading to TIVAD removal among the chemotherapy type groups.

Complication n (%) Total Non-target- Bevacizumab Cetuximab p-Value
directed (Group A) (Group B) (Group) (95% Cl)

Rates per 100 catheter days

Venous thrombosis 5 (25%) 4 (20%) 0 I (5%) 0.180
0.0018 0.00172 0.01245

Catheter occlusion 9 (45%) 5 (25%) 2 (10%) 2 (10%) 0.035
0.00324 0.00216 0.00529 0.02491

Bleeding 2 (10%) 2 (10%) 0 0 0.766
0.00072 0.00086

Skin necrosis (one with infection) 4 (20%) 0 4 (20%) 0 <0.001
0.00144 0.01058

Groups’ numbers 20 (100%) Il (55%) 6 (30%) 3 (15%)

TIVAD removal rate 0.00721 0.00475 0.01587 0.03737

Note. Total catheter patency days: 277,154 in total, 231,335 in Group A, 37,793 in Group B, and 8026 in Group C. In order to evaluate the distribu-
tion of groups, p value was obtained from Chi-square analysis for non-parametric variables and from independent-samples T-test for parametric
ones. No significant difference in complications was found between among chemotherapy type groups.

B, and 30 (4.8%) patients of Group C. In metastatic chem-
otherapy, first-line chemotherapy was given to 27 patients
of Group A, 106 patients of Group B, and 30 patients of
Group C, 163 patients in total. Second-line chemotherapy
was given to only a patient of Group A.

The mean retention time of the TIVADs for adjuvant
chemotherapy and metastatic chemotherapy was found to
be 487.40 (£414.355)days and 322.87 (£254.439)days,
respectively (p <0.001). After TIVAD placement, an adju-
vant chemotherapy was given to 410 (89.1%) patients
within 3 days and 50 (10.9%) patients beyond 3 days. Also,
metastatic chemotherapy was given to 138 (84.1%)
patients within 3days and 26 (15.9%) patients beyond
3days. No significant difference was observed between

metastatic and adjuvant chemotherapy within and beyond
3 days (p=0.094 at Chi-square test).

Table 3 shows non-mechanical complications leading
to TIVAD removal. The catheters were taken out in 11
patients of Group A, 6 patients of Group B, and 3 patients
of Group C. The TIVAD removal rate was calculated to be
0.00721 per 100 TIVAD days. In particular, for Groups A,
B, and C the rate was 0.00475, 0.01587, and 0.03737,
respectively. Additionally, the rates in case of thrombosis,
venous thrombosis, catheter occlusion, bleeding, and skin
necrosis were 0.00505, 0.0018, 0.00324, 0.00072, and
0.00144, respectively. Specifically, in Group A, the rates in
case of thrombosis, venous thrombosis, catheter occlusion,
and bleeding were 0.003890, 0.00172, 0.00216, and
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Figure I. A clear difference (p=0.013) in the TIVAD patency was detected among Groups A, B, and C. Test was pooled over

strata.

0.00086, respectively. In Group B, the rates in case of
thrombosis (only catheter occlusion) and skin necrosis
were 0.00529 and 0.01058, respectively. In Group C, the
rates in case of thrombosis, venous thrombosis, and cath-
eter occlusion were 0.03737, 0.01245, and 0.02491,
respectively.

The retention times of TIVADs were compared by uni-
variate Kaplan-Meier survival analysis according to gen-
der (»p=0.578), access method (p=0.112), chemotherapy
time interval (p=0.058), and chemotherapy type
(p=0.013) (Figure 1). Furthermore, by using multivaria-
ble Cox regression test, we analyzed these parameters:
age (p=0.599), gender (»p=0.595), entry method
(p=0.119), chemotherapy time interval (p=0.086),
chemotherapy type (p=0.011), platelet count (»p=0.729),
and INR (p=0.228).

A clear difference (»p=0.010) was detected between the
catheter patency of Group A and combination of Groups B
and C, because of skin necrosis and thrombosis. This dif-
ference was significant (p=0.002) within 3 days chemo-
therapy (Figure 2) whereas it was not the case beyond
3 days (p=0.894). Figure 3 describes that a significant dif-
ference in the catheter patency was observed within 3 days
between Group A and Group C (p=0.013), also between
Group A and Group B (p=0.007). Figure 4 demonstrates

that no major difference was detected beyond 3days
among Groups A, B, and C (p=0.341).

Discussion

The most common non-mechanical complications after
implantation are thrombosis, catheter blockage, infection,
and bleeding.!~® Moreover, catheter-related thrombosis is a
serious complication (0.67%—-5%).?

The catheter tip position was detected as the major rea-
son for thrombosis. Other significant risk factors were
gender and lung carcinoma.? The probability of thrombo-
sis increased with carcinoma, chemotherapy, malposition
of catheter tip in some series whereas Beckers et al.® stated
that risk factors were multiple placement attempts, ovarian
cancer, and previous central venous catheter insertion.
Nevertheless, Haggstrom et al.’s” work explored rates of
central venous catheter-related thrombosis in a general
cancer population, observing increased rates in those with
peripherally inserted central catheters or increased body
mass index.

Recently, Nalluri et al.!” in their meta-analysis reported
that bevacizumab increased the possibility of thromboem-
bolism in carcinoma patients along with chemotherapy.
Nevertheless, Scappaticci et al.!! detected that the venous
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Figure 2. The difference in the TIVAD patency between Group A and a combination of Groups B and C was significant within
3 days (p=0.002). Strata was done within 3 days.
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Figure 3. A major difference (p=0.007) in the TIVAD patency was seen within 3 days between Group A and Group C, and Group
A and Group B. Within 3 days of their first chemotherapy day, an important difference between Group A and Group C (p=0.013)
was observed in the TIVAD patency. The same observation was made between Group A and Group B (p=0.007). Strata in paired
for each stratum was done within 3 days.
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Figure 4. No major difference (p=0.341) in the TIVAD patency was seen among Group A, Group B, and Group C, according to
chemotherapy initiation time beyond 3 days. The difference was not significant between Groups A and B (p=0.365), Groups A and
C (p=0.313), and Groups B and C (p=0.138). Strata in paired for each stratum was done beyond 3 days.

thrombosis rate in metastatic cancer patients did not
increase with the use of bevacizumab.

The infection rate varied from 2.6% to 9%.!" TIVAD
pocket infection was reported to occur at a rate of 0.3%
to 4.4%.'? The series found that the TIVAD-related infec-
tion was significantly associated with advanced cancer
stage, administration of palliative care immediately after
implantation, and body surface area >1.71m?23!13:14
Blood product administration and parenteral nutrition
were seen associated with early catheter-related infec-
tions.!3 Touré et al.’s' study highlighted that four risk
factors (performance class, pancreatic carcinoma, paren-
teral nutrition management, and accumulative TIVAD
procedures) were independently associated with infec-
tions. Although the risk of TIVAD infection was report-
edly lower for subclavian vein access in some studies,
there was not any significant difference between infec-
tions of jugular and subclavian access methods in a
study.®

A rare catheter-related non-mechanical complication is
necrosis of the skin.>® Wound dehiscence after TIVAD
placement requires its removal.!® Target directed therapy
may also lead to wound healing delay.> The risk factor
for wound healing complication related to bevacizumab

treatment is unidentified.'® It was reported that the abso-
lute risk of wound dehiscence was 2.1% versus 0.5% when
the TIVAD was placed during the previous week.?

It was found that the use of bevacizumab has affected
the wound opening in Zawacki et al.’s'> and Kriegel
et al.’s” studies. The risk of wound opening increased with
the use of chemotherapy within 10days in Zawacki
et al.’s'> study and within 7 days in Kriegel et al.’s® study.
On the other hand, Grenader et al.'” found that a TIVAD
may safely be inserted a short time before or during beva-
cizumab treatment. Grenader et al.'” reported that bevaci-
zumab therapy had no effect on the wound healing process
whereas Erinjeri et al.'® reported that the risk of wound
dehiscence was inversely proportional to the interval
between bevacizumab administration and TIVAD place-
ment, with significantly higher risk seen when the interval
is less than 14 days.

Bleeding is another non-mechanical complication of
TIVAD. Grenader et al.!” found that there were no instances
of abnormal bleeding or infection in any of the patients
during bevacizumab therapy. Biffi et al.!” stated that
thromboprophylaxis had no significant effect on the risk of
catheter-related thrombosis or bleeding. For this reason,
we did not use any thromboprophylaxis for thrombosis or
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bleeding in this study. We also think that thromboprophy-
laxis is not necessary for the placement of TIVAD.

Aseptic Non Touch Technique (ANTT) is necessary to
decrease the TIVAD infection rate.?” In order to use TTIVAD
in outpatient chemotherapy, double-checking must be per-
formed, and the correct countermeasures must be taken.?!
We followed these instructions, as well. In Shanghai expert
consensus on TIVADs 2019: if there is no contraindica-
tion, it is recommended to routinely disinfect the skin with
alcohol-containing disinfectants before the procedure.?
Povidone-iodine-ethanol, chlorhexidine-ethanol may be
the best option at present. According to the Queensland
GHD guideline?, 2% alcoholic chlorhexidine or 10% pov-
idone iodine with 70% alcohol is recommended to use for
insertion site. We chose to use the latter for insertion site,
and preferred the former for dressings.

In addition, we initially performed subclavian vein can-
nulation but mainly internal jugular vein under
US-guidance. It is known that the US-guidance and confir-
mation of the catheter tip position by fluoroscopy reduce
complications.?* In our first 2 years, we performed subcla-
vian vein cannulation, but we saw that it is more practical
and less painful to use jugular vein access. Therefore, we
used the latter method primarily, also we took into consid-
eration the angle of the catheter which should be wider
than 60°, as Kumar et al.> suggested.

Some studies'?® have demonstrated that chemotherapy
on the first day is safe, but this was not the case in target-
directed therapy in our series.

Limitations of the study

This study has some restrictions. First, the series was retro-
spective and had heterogencous distribution among the
chemotherapy type groups (488 patients of Group A, 106
patients of Group B, and 30 patients of Group C). Second,
the patients were not equally distributed between chemo-
therapy timing groups (548 within 3days vs 76 beyond
3 days). Although these biases might have affected the study
results, p values showed that no significant difference was
found in demographic data between chemotherapy timing
groups, and among chemotherapy type groups except for
patency time. Third, although central venous access meth-
ods (jugular and subclavian) might have been an additional
confounding factor, no significant difference was found in
demographic data, complications, and patency between
groups. There was no difference in univariate and multivari-
able survival analysis results. This observation shows that
having two different cannulation methods does not affect
the survival results. Moreover, this result is compatible with
the literature.*?® Fourth, we chose to use heparinized 0.9%
NaCl solution before insertion, but used 0.9% NaCl after
each treatment and every month thereafter. In 2021, Wu
et al.?’ suggested that there was no difference between 1/10
heparinized and non-heparinized NaCl solutions. Guidelines

for TIVAD recently prefer non-heparinized NaCl solu-
tion.?>?3 Fifth, the cut-off period might be a questionable
issue. According to our study, a 3-day period was optimal.
This cut-off period was shorter than both 7days cut-off in
Krigel et al.’s> and 10 days cut-off in Zawacki et al.’s'> stud-
ies. Erinjeri et al. reported that wound healing angiogenesis
mediated by VEGF and produced by stimulated mac-
rophages, takes place between 4 and 14days. Therefore,
VEGF inhibition by bevacizumab that could result in poor
wound healing and dehiscence should be within the first
2 weeks.'8 Besides, new collagen fibers secreted by fibro-
blasts and myofibroblasts are present as early as 3 days after
wounding, and myofibroblasts play a key role in wound
contraction and healing.?® To date, wound healing remains
controversial. In the first 3 days, we think that target therapy
can be harmful to wound healing. Therefore, the effect of
the cut-off period length on catheter patency should be
examined in prospective studies. Sixth, catheter occlusion,
regardless of its cause, might be a mechanical complication.
But we only accepted TIVAD flip-over, catheter fracture,
migration, kinking, distortion, and displacement as mechan-
ical complications. On the other hand, catheter tip thrombus
deposition is caused by intravascular protein and cell depo-
sition.” Therefore, we considered it as a non-mechanical
complication. This process begins almost immediately after
catheter placement when albumin, lipoprotein, and fibrino-
gen create a protein sleeve around fresh intravascular cath-
eters within 24 h of placement.’

Conclusion

In the patients with colorectal carcinoma, we found that
target-directed chemotherapy had a negative effect on the
success of the TIVAD. While performing target-directed
chemotherapy, a significant effect on TIVAD patency was
seen by decreasing the period between TIVAD placement
and chemotherapy start to 3 days. This period should be
considered during target-directed chemotherapy.
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