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Clinical Summary: A Retrospective Analysis of 
DEM-TACE Delivered via Traditional Microcatheter
vs Pressure-Enabled Drug Delivery™ in Patients with HCC

I N F U S I O N  S Y S T E M

Titano JJ, Fischman AM, Cherian A, et al. End-hole Versus Microvalve Infusion Catheters in Patients Undergoing Drug-Eluting Microspheres-TACE for 
Solitary Hepatocellular Carcinoma Tumors: A Retrospective Analysis. Cardiovasc Intervent Radiol. 2019;42(4):560-568. doi:10.1007/s00270-018-2150-6. 

SUMMARY:  
A retrospective, single-center study included 88 treatment-naive patients with solitary HCC tumors <6.5 cm who underwent 
treatment using either Pressure-Enabled Drug Delivery (PEDD™) (n = 18) or a traditional microcatheter (TMC) (n = 70). 
Blinded radiological and histopathological evaluation showed that PEDD achieved:
•	 A significantly higher objective response rate vs the TMC (100% vs 76.5%), Figure 1
•	 Improved pathological response vs the TMC (88.8% vs 33.8%), Figure 2
•	 A significantly higher concentration of therapy in the tumor vs the TMC (88.7% vs 55.3%), Figure 3

STUDY DESIGN: 
A retrospective, single-center study included 88 treatment-naive patients with solitary HCC tumors <6.5 cm who underwent  
DEM-TACE treatment using either PEDD (n = 18) or TMC (n = 70). 23 patients (5 PEDD, 18 TMC) received a liver transplant during 
the study, with one PEDD and six TMC patients excluded from the tumor necrosis analysis for receiving subsequent therapies prior 
to transplant.  

Between 4- and 8-weeks post-treatment and then at 3-month intervals thereafter, patients underwent follow-up imaging with 
either contrast-enhanced, multiphase CT or MRI. Board-certified radiologists conducted blinded review of follow-up imaging by 
applying Modified Response Evaluation Criteria in Solid Tumors (mRECIST). Following liver explant, a board-certified pathologist 
performed a blinded review of the liver specimens to assess tumor necrosis and therapeutic distribution.  
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Figure 1. PEDD achieved a significantly higher objective 
response rate vs the TMC (p=0.019)

Figure 2.PEDD achieved an improved pathological 
response rate vs the TMC (p=0.026)

Figure 3. PEDD achieved a significantly higher concentration of 
therapy in the tumor vs the TMC (p=0.002)

The lower variation in both the percent tumor necrosis and 
percentage of microspheres in the tumor that was seen in the 
PEDD group compared to the TMC (2.5% vs 41.1% and 2.2% 
vs 44.5% respectively, Figures 2 and 3) suggests improved 
consistency in therapeutic delivery when using PEDD. 

Analysis of explanted liver specimens suggests that the 
greater tumor necrosis rates observed in the PEDD group were 
associated with improved distal penetration and on-target 
distribution of microspheres delivered to the tumor.
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INDICATIONS FOR USE: The TriNav Infusion System is intended for use in angiographic procedures. It 
delivers radiopaque media and therapeutic agents to selected sites in the peripheral vascular system.
CONTRAINDICATIONS: TriNav is not intended for use in the vasculature of the central nervous system 
(including the neurovasculature) or central circulatory system (including the coronary vasculature).
Rx ONLY. For the safe and proper use of the TriNav device, refer to the Instructions for Use.

RESULTS: 
Comparison of imaging response at initial follow-up revealed that the incidence of mRECIST objective response was significantly 
greater in the PEDD group (100%) relative to the TMC group (76.5%) (p = 0.019), (Figure 1). At 1-month, the complete response in the 
PEDD group was 66.6% and in the TMC group was 50.0% (p = 0.200). At 6-months, 35.4% of patients in the TMC group demonstrated 
local progression of disease on follow-up imaging vs. 14.3% in the PEDD group, with no statistically significant difference between the 
groups (p = 0.413).  

The percentage necrosis was defined as the volume of necrotic areas divided by the total tumor volume. The average tumor necrosis 
rate in the PEDD explants was 88.8 ± 2.5% vs. 33.8 ± 41.1% in the TMC explants (p = 0.026), (Figure 2). The higher variation of percent 
tumor necrosis seen in the TMC group (41.1% vs 2.5% for the PEDD group) suggests improved consistency in therapeutic delivery 
when using PEDD.

Percentage of on-target microsphere distribution in the tumor was defined as the number of microspheres present within the 
boundaries of the tumor divided by the total number of microspheres in the slides with tumor, (Figure 4). Explant analysis showed 
that a greater on-target distribution of microspheres was found in the PEDD explant specimens, with an average of 88.7 ± 10.6% of 
the microspheres found in the tumor vs. surrounding tissue, compared to 55.3 ± 32.7% in the TMC group (p = 0.002), (Figure 3). Target 
tumor necrosis percentage was also greater in the PEDD liver specimens (89.0 ± 2.2%) relative to the TMC liver specimens (56.1 ± 
44.5%) (p = 0.006). The higher variation in the percentage of microspheres in the tumor seen in the TMC group (44.5% vs 2.2% for the 
PEDD group) suggests improved consistency in therapeutic delivery when using PEDD.

CONCLUSION:  
DEM-TACE procedures performed using PEDD in this single-center, retrospective study were safe and associated with improved 
tumor response at initial follow-up, with higher percentage tumor necrosis at explant, and with increased deposition of 
microspheres relative to those performed using TMC catheters.

suboptimal response rates [10]. The use of the MVI

catheter enables operators to continue administering ther-

apy until complete saturation of the target area is achieved.

The revised technical endpoints of TACE treatment

undertaken with an MVI catheter, such as the appearance

of intrahepatic collateral vessels or visualization of portal

vein branches via arterioportal shunting, may provide for a

more aggressive treatment of target tumors [24, 25].

Next, the expansion of the microvalve may alter the flow

dynamics and preferentially direct blood flow into the

abnormally hypervascular tumor beds in comparison with

the hepatic parenchyma peripheral to the tumor [24–26]. A

similar effect has been observed in TACE performed using

a balloon catheter (B-TACE) and has been shown to

improve tumor accumulation of chemoembolic emulsion,

which is associated with improved tumor response [27–30].

The current study also demonstrates that the improved

imaging response rates and higher tumor percentage

necrosis in the MVI group can be achieved without

increasing rates of liver toxicity or complications. Patients

who underwent DEM-TACE with MVI had significantly

lower AST and ALT at 6 months post-treatment compared

with those in the EH group. The preferential delivery of

therapeutic agents into target tumor and minimization of

delivery to non-target liver parenchyma through the

mechanisms proposed above may account for the reduced

incidence of hepatotoxicity seen in the MVI group since

the normal liver parenchyma adjacent to the target tumor

received a lower exposure to the chemotherapeutic agent.

Interestingly, the delivered doxorubicin dose (81.5 mgs)

in the EH cohort was substantially greater than that in the

MVI cohort (64 mgs). Prior pre-clinical data demonstrated

that the use of MVI catheters resulted in a higher efficiency

of delivery (in comparison with EH) into the target vessel

due to the elimination of reflux. Thus, the end-hole arm in

this swine study had approximately 28% delivery of the

agent into non-target adjacent vessels due to reflux [6].

Therefore, the authors hypothesize that although a higher

Fig. 4 Percentage tumor necrosis: single treatment tumors. Exclud-

ing the explants of patients who underwent subsequent locoregional

therapies from a comparison of explant target tumor necrosis, MVI

specimens showed greater percentage necrosis relative to EH

specimens (p = 0.026)

Fig. 5 End-hole explant specimen. There is viable tumor tissue (red

arrows) identified in this specimen that demonstrated no tumor

necrosis. A cluster of drug-eluting microspheres (yellow arrow) is

seen distant from the tumor bed

Fig. 6 Microvalve infusion explant specimen. There is extensive

fibrotic tissue identified compatible with necrotic tumor with a small

region of viable tumor tissue (red arrows) still present in this

specimen demonstrating 90% tumor necrosis. Several groups of drug-

eluting microspheres are also noted within the tumor bed
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Traditional Microcatheter Explant Specimen PEDD Explant Specimen

Figure 4. (left) TMC explant specimen with red arrows indicating viable tumor tissue with no visible tumor necrosis. Yellow arrows show a cluster of microspheres distant from the tumor 
bed, indicating off-target delivery. (right) PEDD explant specimen with extensive fibrotic tissue identified. This is compatible with necrotic tumor with a small region of viable tumor tissue 
(red arrows) still present, demonstrating 90% tumor necrosis. Several groups of microspheres are noted within the tumor.


