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every 4 weeks. Port flush was performed by the referring
physician or a nurse. Anticoagulants were not used, except
in patients with a history of anticoagulant therapy.

In cases of port dysfunction, contrast medium injection
was performed via the port, in the interventional suite.

1 l

Table 2 Summary of adverse events during the entire follow-up
period

These examinations were also reviewed and 1

Evaluation
Technical success was defined as the presence of an

indwelling catheter inserted into the SCV via a US-guided
puncture from the primarily intended entry site, and the

presence of a port connected to the indwelling cath and
implanted in the upper anterior chest wall, with adequate
CVP function.

AEs were graded according to the Common Terminol-
ogy Criteria of Adverse Events (CTCAE), version 3, and
were divided into immediate (<24 h), early (24 h—
30 days), or late (>30 days) events according to the SIR
guidelines [21]. Catheter-related infections were defined
according to the SIR guidelines [21]. Follow-up care was
evaluated until March 2009.

Results

Technical success was achieved in 493 of the 500 cases,
yielding a technical success rate of 98.6% (95% CI, 97.1-
99.3%). A total of 446 CVPs were implanted on the left
side, and 54 on the right. In the seven failed cases, SCV
puncture under US guidance could not be performed
because of collapse of the SCV (n = 3), thrombosis in the
SCV (n = 3), and extreme obesity (n = 1). Among these
failed cases, venogram-guided puncture of the SCV, US-
guided puncture of the internal jugular vein, and US-guided
puncture of the SCV on the opposite side were performed
in three, one, and three cases, respectively. Finally, RP of
the CVP was completed in all patients.

AEs were observed in 26 of the 500 cases (5.2%) during
the follow-up period (range, 1-1080 days; mean % SD,
304.0 & 292.1 days). Six immediate AEs occurred: grade
(G) 2/1 pneumothorax (n =2), Gl arterial puncture
(n = 1), G2/G1 hematoma formation at the pocket site
(n = 2), and Gl catheter tip migration into the internal
mammary vein (n = 1). The following early AEs occurred:
G3 hematoma formation at the pocket site (n = 2), G3
fibrin sheath formation around the indwelling catheter
(n = 2), and G3/G2 catheter-related infection (n = 3; G3
catheter-related sepsis in two patients and G2 bacteremia in
one patient). The following delayed AEs occurred: G3/G2
catheter-related infection (n = 7; G3 catheter-related sep-
sis in two patients, G3 sepsis in one patient, G3 pocket
infection in one patient, and G2 bacteremia in three
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Complication Grade n
Immediate
Pn h 2(01) 2 (0.4%)
Arterial puncture 1 1(0.2%)
Hematoma formation at pocket site 21 2 (0.4%)
Catheter tip migration 1 1(0.2%)
Early
Hematoma formation at pocket site 3 2(0.4%)
Fibrin sheath formation 3 2004%)
Cath lated infection 3(2)r2(1) 3 (0.6%)
Delayed
Catheter-related infection 3(4)23) 7 (1.4%)
Catheter detachment 3 3 (0.6%)
Catheter occlusion 2 1(0.2%)
Subclavian venous thrombosis 2 1 (0.2%)
Catheter migration 1 1 (0.2%)

Note: n number of patients

P ), G3 cath detach (retrieved by percuta-
neous procedure; n = 3), G2 catheter occlusion (n = 1),
G2 symp ic SCV thrombosis (n = 1), and G1 catheter

igration (n = 1). A y of AEs during the entire
follow-up period is provided in Table 2. In 10 patients,
contrast material injection was performed via the port to
evaluate the cause of very slow infusion rate or pain during
infusion, which revealed 2 cases of fibrin sheath formation,
3 cases of catheter detachment, and no abnormal findings
in 5 patients. No major AEs occurred, such as procedure-
related death, air embolism, or events requiring surgical
intervention.

Discussion

US-guided insertion has been the main method of CVP
placement, especially with access via the IV [12, 13]. One
reason for this preference is that real-time US offers the
following benefits over venographic guidance: no risk of
allergic medium reactions or renal impairment and lower
radiation exposure [16]. Venogram-guided access via the
SCV is another popular route for CVP placement [3, 4,8,
9], because it offers several ad g
is not influenced by neck motion of the patlem, catheter
length is much shorter than that required for DV access,
and development of a hematoma will not result in airway
compression [8].

The RP of a CVP was first described by Morris et al. in
1992, in a series involving 101 cases [1]. Subsequently,
some reports have compared US-guided SCV access with
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US-guided 1TV access. Randolph et al. performed a meta-
analysis of eight reports (six studies examining IJV access,
one examining SCV access, and one examining both access
routes) and concluded that real-time US-guided insertion
was better than landmark-guided insertion, for both access
routes, from the viewpoints of technical success, time
required for vein puncture, and complications [18]. Hind
et al. reported a meta-analysis of 10 randomized trials
comparing real-time US-guided insertion with landmark-
guided insertion for IJV access. Their results showed that
US-guided insertion was superior from the viewpoints of
overall technical success, technical success of the first
puncture, and complications [19]. Brooks et al. described
the technical details of US-guided RP of CVP in 55 cases;
however, the technical success rate for SCV access was
lower than that for OV access [10]. Biffi et al. reported a
single-institutional randomized trial comparing US-guided
SCV  puncture, landmark-guided IJV puncture, and
cephalic vein cut-down with regard to technical success
and complications. They concluded that no differences in
the rates of complications were seen among the arms but
that real-time US-guided SCV puncture had the highest
rate of technical success [14].

Concerning AEs, the risk of catheter-related infection
was reportedly lower for SCV access than for jugular or
femoral vein access, at least in critically ill patients [22,
23). The rate of thrombosis was reportedly lower for SCV
access than for IJV access (10 vs. 42%, respectively) [23],
though the opposite conclusion has also been reported [12].
Therefore, US-guided RP of a CVP via the SCV appears to
be an adequate procedure but has yet to be sufficiently
evaluated in clinical trials involving a large number of
cases.

Our study is the largest reported series of US-guided RP
of a CVP via the SCV. Compared with the report by Biffi
et al. [14], the technical success rate of 98.6% in the
present study is high and favorable. Accordingly, our
results indicate that US-guided RP of a CVP via the SCV
has a high technical success rate if SCV puncture is per-
formed under real-time US guidance. Nevertheless, the
combination of this procedure with X-ray fluoroscopy,
which would enable the position of the catheter and GW to
be checked immediately, could further enhance this success
rate [16].

Pneumothorax is the most serious AE associated with
SCV access. However, its incidence in our series was
only 0.4% of 500 cases, which is the lowest incidence to
be reported to date. Only one subclavian arterial punc-
ture occurred; this AE was managed by a few minutes of
astriction, after which the patient was asymptomatic.
This incidence rate of 0.2% is comparable to those
reported in other series. We experienced no cases of
bleeding at the puncture site that could not be controlled

by astricition, although a smaller branch of the sub-
clavian artery may not have been identified by US in all
cases.

The incidence of other AEs was also similar to those
reported previously, but unlike pneumothorax and asymp-
tomatic arterial puncture, these events are not strictly
related to SCV access; instead, they occur as natural
events. The point of SCV puncture under US guidance is
usually more peripheral than that resulting from the land-
mark technique [16, 20]; the risk of “pinch-off syndrome™
is reported to be low with this lateral approach [16]. In fact,
no case of pinch-off syndrome was noted in the present
study despite the three cases of catheter disconnection, in
which injury was seen at the connection site between the
port and the catheter. In contrast, the incidence of subcu-
taneous catheter flexure or migration caused by movement
of the patient appears to be higher with the lateral
approach; however, catheter migration was observed in
only one case in our series. This result might be associated
with the fact that the most proximal possible portion of the
SCV was punctured. Therefore, in terms of AEs, US-gui-
ded RP of a CVP can be considered a permissible
procedure.

US-guided venous access can be performed using either
the transverse (short-axis) view or a longitudinal (long-
axis) view. Longitudinal view is generally associated with
a longer learning curve compared with transverse view
because a plastic needle guide can be used with the
transverse view. The advantages of the longitudinal view
are a wider range of view and better visualization of the
advancing needle tip, without the need for constant
adjustment to follow its path. Using the transverse view,
the advancing needle tip must be followed to maintain the
appropriate plane as it progresses. The longitudinal view is
recommended by the American College of Emergency
Ph; and we also adopted this method. In the present
study, the rotating residents could use the longitudinal
(long-axis) view technique competently. In our experience,
even rotating residents who were already experienced in
the landmark method of CV catheter placement could make
use of the technique under the direction of staff from our
department [24].

The limitations of this study include its retrospective
nature and single-center design. In addition, we did not
record the number of puncture attempts made during each
procedure, which closely correlates with AEs [25]. We
experienced the clinical pt on of venous
after multiple failed attempts compressed the vein, pro-
gressively reducing its diameter and making the next
puncture more difficult. This effect could not be remedied
even by using the Valsalva maneuver and was seen, in four
cases of failed venous attempts, to puncture a patent target
vein.
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Nevertheless, our study included a large number of

cases, and the procedures were performed by various

patients: institutional experience and review of the literature. Br J
Cancer 91(6):1045-1049
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Abstract A new indwelling catheter, G-spiral (GSP), was
developed for hepatic arterial infusion chemotherapy
(HAIC) by way of an implanted catheter-port system
(CPS). Here we evaluated its physical properties and the
outcomes of its clinical use. The GSP vessel-fixing power )
and its ability to follow a guidewire were determined with a
vascular in vitro model, and Student 7 test was used to
determine statistical significance (P < 0.05). A retrospec-
tive analysis was performed to evaluate the technical suc-
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Introduction

For unresectable hepatic malignant tumors, hepatic arterial
infusion chemotherapy (HAIC) with a subcutaneously
implanted port is widely performed [1, 2]. As interven-

cess rate and to identify the clinical P ion
associated with radiologic CPS implantation with GSP in
65 patients with unresectable hepatic tumors. The mean
vessel-fixing power of the GSP (14.4 g) significantly dif-
fered from that of a GSP with a cut shape-memory alloy
(3.3 g). The mean resistance to following the guidewire
displayed by the GSP (88.5 g) was significantly less than
that for a SF W-spiral (106.3 g) or 4F Cobra-type angio-
graphic catheter (117.8 g). The CPS was placed success-

tional techni have prog d, radiologic p: u
implantation of a catheter-port system (CPS) has become
common in lieu of the indwelling method using surgical
laparotomy [1-9]. However, there remain some important
problems related to HAIC, including hepatic artery occlu-
sion, catheter dislodgement, and vascular injury (occlusion,
pseudoaneurysm, penetration). Such serious complications
can cause temporary or permanent HAIC interruption
[3-6, 8, 9].

fully in 64 of 65 cases (98.5%). Hepatic artery occlusion

To d incid of the above-mentioned compli-

was observed in one case. Occlusion, cracking, and infec-
tion of CPS were observed in one, two, and one case,
respectively. The GSP is a highly useful indwelling cath-
eter that can be used for HAIC.

cations, a fixed catheter method, called the gastroduodenal
artery (GDA)-coil fixation method (GDA method) was
developed [4-6, 9]. Furthermore, to prevent catheter dis-
lodgement, the W-spiral catheter (WSP), which has a
shape-memory alloy (SMAL) for vessel fixation, was
developed. However, the WSP reportedly can cause pseu-
doaneurysm and vascular penetration by mechanical injury
of the vessels due to SMAL positioning at the catheter tip
[10, 11]. To avoid SMAL-related vascular injury and to
decrease technical burdens (such as side-hole creation and
manual length adjustment from the tip to the side-hole), we

K. Yagihashi (&9) - K. Takizawa - Y. Ogawa - K. Okamoto -
M. Yoshimatsu - A. Fujikawa - H. Shimamoto - Y. Nakajima
D of Radiol St. Mari University School
of Medicine, Kanagawa 216-8511, Japan

e-mail: k2yagihashi@marianna-u.ac.jp

designed the G-spiral catheter (GSP) [12]. In the present
study, we investigated whether GSP was appropriate for
use as an indwelling catheter for HAIC using a vascular in
vitro model and retrospective analysis of HAIC patient
clinical use.
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Materials and Methods
Structure of the GSP

The GSP was designed to be anatomically adapted for the
indwelled GDA. It required no alterations such as are
common in conventional indwelling catheters, e.g., side-
hole creation or manual length adjustment from the tip to
the side-hole. The main features of the GSP include a side-
hole with a platinum marker and a SMAL. The GSP
measured 80 cm in length, with a shaft of SF in the prox-
imal 60 cm and 4F in the distal 20 cm. The 2.5 cm-long
SMAL was placed 3 cm proximal from the tip. The short-
and long-type GSPs displayed distances of 3 and 5 cm,
respectively, from the SMAL to the side-hole. The plati-
num marker was positioned at each end of the SMAL and
0.3 cm distal to the side-hole. The catheter surface was
coated with nonthrombogenic polyvinylpyrrolidone (PVP)
(Fig. 1A, B).

In Vitro Analyses of the GSP

From December 2004 to February 2005, we determined the
fixing-power sustainability and insertion resistance
according to previously reported methods [13, 14], using an
in vitro vascular model constructed of a water-filled tube
(37°C) made of flexible polyvinyl chloride (outer diameter
6 mm and inner diameter 4.5 mm) (Fig. 2). The catheter
was heated to 37°C, inserted into the vascular model, and
the maximum static friction was measured while the GSP
was removed at a rate of 700 mm/min by an actuator
(Linier Motor, LU2B20SA-1; Oriental Motor, Tokyo,
Japan) using an expression strain gauge load transducer
(Load Cell; Nippon Tokushu Sokki, Tokyo, Japan). The

B  platinum marker

spirally arranged shape-memory alloy (2.5cm)
—~ side-hole

Z0cm (4F 1) B0cm (5F1)

80cm
Fig. 1 Configuration of the GSP. Photo of the catheter tip (A) and

schematic drawing of the GSP (B). A spirally arranged SMAL was
placed 3 cm from the tip

a Springer

2 tube composed of flexible polyvinyl chioride
(outer diameter: 6mm; inner diameter: 4 Smm’

Actuator

o 40cm  ———|

Fig. 2 Schematic of the model used to measure the frictional
resistance of the catheter

data were compared with those of a 5SF WSP (5-WSP;
Piolax Medical Devices, Yokohama, Japan), a 3.3F WSP
(3.3-WSP; Piolax), a GSP in which the SMAL was cut, and
a 5-WSP in which the SMAL was cut.

A 0.035” guidewire (Radifocus; Terumo, Tokyo, Japan)
was inserted into a similar vascular model to measure the
maximum load when the catheter followed the guidewire.
The data were compared with that of a 5-WSP and a 4F
Cobra-type angiographic catheter (4-Cobra; Terumo). All
measurements were performed 10 times. Student 7 test was
performed with JMP software (SAS, Cary, NC), and sta-
tistical significance was defined at P < 0.05.

Patients
Subjects

From July 2005 to December 2007, 65 patients with un-
resectable hepatic tumors (41 men and 24 women; mean
age 64.7 years [range 42-84]) underwent HAIC with GSP
indwelling. Forty-five patients had metastatic liver tumors;
of these the primary diseases included cancers of the
colorectal region (28 cases), breast (four cases), gastric
region (three cases), pancreas (two cases), bile duct (two
cases), uterine cervical region (one case), uterine endo-
metrial region (one case), ovary (one case), gallbladder
(one case), pheochromocytoma (one case), and gastroin-
testinal stromal tumor (one case). Twenty patients had
hepatocellular carcinomas.

Eligibility criteria to undergo HAIC included the fol-
lowing: a life expectancy >2 months, performance status
<2 according to Eastern Cooperative Oncology Group
Criteria [15], adequate bone marrow reserve with >3,000/
ml white blood cells and >80,000/m] platelets, no renal
dysfunction (creatinine level <1.25 times the normal
upper limit), and a sufficiently maintained hepatic func-
tion (total bilirubin level <3.0 mg). Patients provided
informed consent before the procedure. This retrospective
study was approved by the Institutional Review Board of
our hospital.

— 66—



K. Yagihashi et al.: Clinical Application of a New Indwelling Catheter

1155

A

Fig. 3 The GDA method. A Schematic of the GDA method. The
GSP is inserted in the hepatic artery with the catheter side-hole placed
in the CHA and the distal shaft fixed within the gastroduodenal artery
using microcoils (arrows). The catheter tip lumen (large arrowhead),
right gastric artery (small arrowhead), and posterior superior
pancreaticoduodenal artery (curved arrow) are occluded using
microcoils. B Arteriogram of a 65-year-old man with liver metastases

Technical Procedure of CPS Implantation

All procedures were performed in the angiography room.
As a rule, catheter placement was performed according to
the GDA method. The procedure was performed by an
interventional radiology (IR) supervisor, with 14-28 years
of experience, in the Radiology Department and an IR
doctor with 7-10 years of experience.

‘With the patient under local anesthesia, an introducer
sheath was inserted by way of the right common femoral
artery, and celiac and superior mesenteric arteriographs
were obtained using a 4F hook-shaped angiographic cath-
eter to ascertain the vascular anatomy. To unify hepatic
arterial flow as needed, the replaced right and accessory
left hepatic arteries were embolized using microcoils
(Tornado; Cook, Bloomington, IN), and the right gastric
artery was embolized to prevent extrahepatic chemothera-
peutic agent perfusion. After angiography and blood flow
alteration, the lengths of the GDA and the common hepatic
artery (CHA) were measured on the monitor, and the
suitable GSP type was selected for the side-hole to be
positioned in the CHA.

A 0.035” guidewire (Radifocus [Terumo] or Surf [Pio-
lax]) was advanced to the right gastroepiploic artery
(RGEA). While holding the guidewire in place, the
angiographic catheter and introducer sheath were removed,
and the GSP was inserted over the guidewire and advanced
into the RGEA. The position was adjusted so that the
SMAL was positioned near the transition point from
the GDA to RGEA, corresponding to the bifurcation of the
anterior superior pancreaticoduodenal artery (ASPDA).
When removing the guidewire, the side-hole was con-
firmed to be positioned on the CHA. Next, a microcatheter
was advanced into the GSP using coaxial technique, and

from colon cancer. Image taken by way of the implanted CPS shows
that-the GSP is implanted in the hepatic artery with the side-hole
(large arrowhead) located in the CHA and distal catheter shaft fixed
within the g: 1 artery using ils (arrows). The
catheter tip lumen (small arrowhead) and right gastric artery (curved
arrow) are occluded using microcoils

the end-hole of GSP was embolized with a microcoil
(Tornado; Cook). The microcatheter was advanced through
the side-hole to the GDA. The GDA was then embolized by
the microcoils placed around the GSP to ensure fixation to
the vessel wall and discontinuation of blood flow to the
GDA (Fig. 3A, B). Finally, the indwelling catheter was
connected to a port and was' embedded into the subcuta-
neous space at the lower abdominal wall.

In cases of stenosis or GDA absence caused by pre-
vious surgery or tumor invasion, the GSP was indwelled
in the peripheral branch of hepatic artery (intrahepatic
peripheral artery [THA] method) (Fig. 4). In cases of CHA
stenosis, the GSP was indwelled in the splenic artery
(SPA) so that the side-hole was positioned in the celiac
trunk after (where needed) coil embolization of the left
gastric artery. Coil embolization of the proximal part of
the SPA around the GSP was also performed (SPA
method) (Fig. 5). The CPS was filled with heparinized
saline solution (1000 u/ml) after implantation, and HAIC
was started within 1 week.

Evaluation of the Clinical Utility of GSP

To evaluate the clinical utility of GSP, we investigated the
following during the procedure and the observation period:
technical success rate (percentage of completed CPS
implantations), hepatic artery patency, and occurrence of

pli such as injury (¢ pseudo-
aneurysm, intimal damage) or CPS issues (dislodgement,
cracking, kinking, port breakage, inversion, infection).
Hepatic artery patency and compli were evaluated
every 1-4 months with digital subtraction angiography by
way of the CPS. Especially in cases with progressive dis-
ease or HAIC-related symptoms, the drug distribution was

ion:
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Fig. 4 Schematic of the THA method. The GSP is advanced into the
peripheral hepatic artery, with the side-hole placed in the proper
hepatic artery. The right gastric artery (arrow) and gastroduodenal
artery (arrowhead) are embolized with microcoils

Fig. 5 Schematic of the SPA method. The GSP is advanced into the
SPA, with the side-hole placed in the celiac trunk. The right gastric
artery (small arrow), left gastric artery (large arrowhead), and
gastroduodenal artery (large arrow) are embolized with microcoils.
The catheter tip lumen is occluded using microcoils (small
arrowhead)

d using
by way of the CPS.

d tomography angiography (CTA)

Results
In Vitro Analyses of the GSP

Mean + SD of catheter removal resistance was 14.4 +
0.9 g for the GSP and 3.3 =+ 0.37 g for the GSP in which
the SMAL had been cut (P < 0.001). Removal resistance
of the 5-WSP was 31.1 & 1.9 g and that of the 5-WSP
in which the SMAL had been cut was 3.1 :£03g
(P < 0.001). Removal resistance of the GSP was approxi=
mately 1.3 times higher than that of the 3.3-WSP
(11.0 + 1.1 g; P = 0.043).

&) Springer

Mean + SD of GSP resistance in following the guide-
wire was 88.5 & 5.42 g, which was less than those of the
5-WSP (106.3 £4.69 g, P =0.023) or the 4-Cobra
(117.8 + 6.22 g, P = 0.006).

Technical Clinical Success Rate

CPS implantation was successful in 64 of 65 cases (98%),
and there were no complications during the procedure. In
the one unsuccessful case, marked hepatic artery narrowing
was observed due to previous HAIC, and the scheduled
HAIC was cancelled. The indwelling methods used inclu-
ded GDA (51 cases), IHA (11 cases), and SPA (two cases).
A short-type GSP was used in 60 cases, GDA for 49 cases,
THA for 10 cases, and SPA for one case. A long-type was
used in four cases, with GDA for two cases and IHA and
SPA for one case each. Patient characteristics and the
indwelling methods are listed in Table 1.

Hepatic Artery Patency

Of the 48 patients observed after CPS implantation,
hepatic arterial occlusion was observed in only one patient
(2%) during the observation period (mean 295 days [range
41-826)).

Complications

There were no complications during the indwelling proce-
dure. Hepatic arterial stenoses were seen in five cases
(10.4%). In four of these five cases, the peripheral branch of
the right hepatic arteries was stenosed; in the remaining one
case, the left hepatic artery was stenosed. The mean time
since implantation in these cases was 303.9 days (range
118-477), and the mean number of infusion chemotherapy
administrations was 22.4 times (range 15-39). Vascular

Table 1 Patient characteristics, GSP type, and catheter-placement
methods

Ch isti Catheter-pl method
GDA THA SPA
(n=51) (n=11) n=2)
Sex
Male 33 6 0
Female 18 5 2
Primary or metastatic liver tumor
Primary 18 2, 0
Metastatic 33 9 2
Type of GSP
Short 49 10 1
Long 2 1 1
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injuries, such as pseudoaneurysm, penetration, and dissec-
tion, were not observed during the observation period. No
catheter dislodgement or other HAIC-interrupting issue was
observed. Only one case (2%) displayed CPS obstruction at
50 days after catheter implantation. A crack in the
indwelling catheter was observed near the port in two cases
(4%) at 120 and 134 days after catheter implantation.
Infection of CPS occurred in one case (2%) at 247 days after
implantation. There were no complications in cases with
either the IHA or SPA method.

Discussion

Our study results show that GSP enables efficient catheter
replacement because of ease in following the guidewire and
prevention of catheter dislodgement by the SMAL. Catheter
placement for HAIC using a GSP had a high technical suc-
cess rate and a relatively low complication frequency.

The fixed catheter tip method for HAIC decreases the
incidence of hepatic arterial occlusion and catheter dislo-
cation compared with the conventional method, in which
an end-hole catheter is inserted into the hepatic artery [4,
9]. However, because the fixed catheter tip method is
technically difficult, expertise is required to perform it.
Thus, the GSP was invented to decrease the technical
burdens and complications [12].

Mean removal resistance of the 5-WSP was the highest of
the catheters tested, possibly b of its thicker catl
wall and stronger SMAL power. However, the 5-WSP car-
ries a risk of vascular injury [10] and displays a higher
resistance to following the guid . Removal of
the GSP was 14.4 % 0.9 g; there were no cases of catheter
dislod; ; and the cath appeared to properly fix to
the vessel. The mean % SD of the resistance of the GSP
following the guidewire was 88.5 + 5.42 g, which was
significantly lower than that of the 5-WSP (106.3 % 4.69 g)
or the 4-Cobra (117.8 =+ 6.22 g). This result is possibly
derived from the fact that the GSP tip is straight, and its
surface is coated with PVP. These results show that GSP
insertion is easier than that of the other catheter types.

In the GSP, the side-hole with the platinum marker was
positioned 8.5 cm proximal to the tip (4.25 cm from the
SMAL center) for the short-type and 10.5 cm proximal to
the tip (6.25 cm from the SMAL center) for the long-type.
There are few references in which the length of the GDA was
measured [16, 17], and reported mean lengths range from
3.8 cm (range 2.2-6) [16] to 5.7 cm (range 3.5-7.5) [17].
Our measurements of CHA and GDA lengths in 50 con-
secutive cases on abdominal CTA using the workstation
(Ziostation; Ziosoft, Tokyo, Japan) showed that the average
lengths of CHA and GDA were 3.73 cm (range 1.48-7.59)

and 3.72 cm (range 1.16-6.72), respectively (unpublished
observations). Based on anatomic distance, the short-type
GSP—for which the GDA length was <4.25 cm and total
length of the CHA and GDA was >4.25 cm—was applicable
in 43 cases (86%). The long-type GSP—in which the length
of the GDA was <6.25 cm and the total length of CHA and
GDA was >6.25 cm—was applicable in five cases (10%).
There were two cases for which neither the short- nor long-
type GSP could be used, indicating that the GDA method
using GSP might not be applicable in all cases.

The technical key for using GSP is to appropriately
place the SMAL near the transition from the GDA to
RGEA, corresponding to the bifurcation of the ASPDA.
The GSP was designed to fit the curve of this transition
area. Because the pancreas is fixed to the retroperitoneum,
the GDA mobility is presumably low, although the RGEA
in the gastrocolic ligament is mobile. This is why such a
strong stability of the implanted GSP could be obtained
[12]. According to previous reports, the technical success
rate of the fixed catheter tip method using other indwelling
catheters ranges from 97-100% [3, 4, 8], which is almost
the same as that obtained in the present study. The reported
frequency of dislodgement is 2.8-5% [3-6, 8, 9], and the
reported frequency of hepatic arterial occlusion is 3.3-18%
[3-6, 8, 9]. In our study, no dislodgement was observed,
and the occurrence of hepatic arterial occlusion was 2%.
Because of the SMAL, the stability of the GSP was prob-
ably reinforced by the coils that were filled around the GSP
for GDA embolization. Thus, the GSP effectively pre-
vented catheter dislodgement. Hepatic arterial occlusion
and hepatic arterial stenoses were seen in one and five
cases, respectively, at the peripheral branches. No stenoses
or occlusions were seen at the CHA or the proper hepatic
artery. These vascular changes were thus thought to be
caused by drug-induced lar damage [18].

We used the GSP for the IHA or the SPA method in 11
and two cases, respectively. The indwelling procedures
were successful and the clinical outcomes were satisfac-
tory, warranting further analysis of GSP as a possible
catheter choice for these methods.

Our experimental and clinical results indicate that the
GSP enables efficient P of ease
in following the guidewire. The GSP also effectively pre-
vents indwelling catheter dislodg b of adeq]
vessel fixing power. Catheter placement for HAIC using the
GSP had a high technical success rate and a comparatively
low frequency of complications. Thus, GSP is a potentially
suitable catheter for HAIC because it delivers increased
without ¢ safety.
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Background: The safety and efficacy of percutaneous vertebroplasty (PVP), a new treatment modality for painful malignant
vertebral compression fractures (PMVCF) using interventional radiology techniques, were evaluated prospectively.
Materials and methods: After confirming the absence of safety issues in phase 1, a total of 33 cases were registered
up to and including phase 2. Safety and efficacy were evaluated by National Cancer Institute—Common Toxicity Criteria
version 2 and Visual Analogue Scale (VAS) at 1 week after PVP. Based on VAS score decreases, efficacy was classified
into significantly effective (SE; 25 or reached 0-2), moderately effective (ME; 2-4), or ineffective (NE; <2 or increase).
Results: Procedures were combleted in all 33 patients (42 vertebrae). Thirty days after PVP, two patients died of
primary disease progression, but no major adverse reactions (>grade 2) were observed. Response rate was 70% (95%
confidence interval 54% to 83%) [61% (n = 20) with SE, 9% (n = 3) with ME, and 30% (n = 10) with NE] and increased
to 83% at week 4. Median time to response was 1 day (mean 2.4). Median pain-mitigated survival period was 73 days.
Conclusion: For PMVCF, PVP is a safe and effective treatment modality with immediate onset of action.

Key words: percutaneous vertebroplasty, interventional radiology, pain relief, vertebral metastasis, percutaneous

cement plasty

introduction

The pain relief of painful malig; vertebral comp

fractures (PMVCF) is one of the key elements for achieving
better quality of life in patients under palliative care. The
mainstay for pain relief is pharmacological therapy such as with
nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids,
and if patients are not responsive to these agents or have pain
upon body mo radiotherapy is ad ed. However,
despite being a noninvasive therapeutic modality, radiotherapy
is less than ideal because it requires 2—4 weeks to obtain

a therapeutic effect and does not achieve complete pain relief in
most cases [1, 2].

Since the report of percutaneous vertebroplasty (PVP) by
Galibert et al. [3], in 1987, the technique has been widely
reported [4-10]. These reports indicate that it is highly effective
for prompt pain relief for metastatic vertebral tumors from any
primary sites. On the other hand, severe, albeit rare,

*Correspondence to: Dr T. Kobayashi, Department of Diagnostic and Interventional
Radiology, Ishikawa Prefectual Central Hospital, Kuratsukinigashi 2-1, Kanazawa-shi,
Ishikawa Prefecture, 920-8530, Japan. Tel; +81-76-237-8211; Fax: +81-76-208-2337;
E-mail: kobaken@ipch.jp

complications such as pulmonary embolism, cerebral
infarction, cardiogenic shock, and spinal cord injury due to
leakage of cement into the spinal canal have also been
documented [11-13]. All these reports, however, have been
retrospective in nature, and to our knowledge, no study has yet
prospectively investigated the safety and therapeutic effect of
this modality. Although it cannot be excluded that severe
complications may very rarely occur, to minimize the frequency
of reported complications, it is important to evaluate in

a prospective study whether this procedure can be carried out
safely when conducted by trained interventional radiologists for
clearly defined indications.

Therefore, we undertook a phase 1/II multi-institutional
prospective study of PVP as Japan Interventional Radiology in
Oncology Study Group (JIVROSG)-0202. In this study, we
evaluated the safety and efficacy of PVP as a palliative
intervention for patients with PMVCEF.

materials and methods

patient selection
Patients were required to have an imaging [including radiography and
computed tomography (CT)] diagnosis of changes in the thoracic or

© The Author 2009. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org
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Jumbar vertebrae caused by malignant tumor metastases or multiple
myeloma, limitation of daily activities due to pain from the lesions and/or
the risk of compression fracture, and no exposure of the vertebral tumors to
the vertebral canal (defined as vertebral canal surface showing no tumor
invasion on CT or magnetic resonance imaging). In addition, the patients
had to have an Eastern Cooperative Oncology Group performance status
(PS) of zero to three, preserved major organ function (bone marrow, heart,
liver, lung, and kidney), and an anticipated survival of at least 4 weeks.
Patients were excluded if their pain grade of Visual Analogue Scale (VAS)
[14] was <2, they could not maintain the position needed for treatment,
they had a bleeding tendency with bleeding time 25 min, fever 238°C,
cardiac failure requiring continuous drug therapy, history of major drug
allergy such as anaphylactic shock to any drugs, so as to minimize the
possibility of cardiac toxicity due to the bone cement preparation, and/or
confirmed or possible pregnancy. In addition, patients were judged
me.hglbl: for this trial if the vertebral lesions harbored possible active
(tuberculous or other infe ), if marked vertebral
flattening was present (defined as the height of the affected vertebral body
showing a mean value of one-third of that of the superior and inferior
vertebral bodies), if five or more continuous vertebrae were affected
luation of the th ic effect or if in a single session four

or more vertebrae required therapy.

Both the ethics committee of the Japanese Society of Interventional
Radiology and each institutional review board approved the protocol of this
study before patient entry. All patients provided written informed consent.

collaborative institutions

This study was d din 10 i JIVROSG. Each of
these institutions has at least one full-time interventional radiologist
certified by the Japanese Society of Interventional Radiology (Table 1).

study end points

The primary end point of this study was to evaluate the safety of PVP, and
the secondary end point was to evaluate the efficacy of PVP for pain relief as
well as the incidence and grade of adverse events.

study design

This study was a multi-institutional, single-arm, open-label,
noncomparative trial. The phase I part of this trial was conducted using
the 3 x 3 method proposed by the JIVROSG. This method was applied as
follows. To be able to quickly terminate the study if the incidence of
adverse events associated with this modality exceeded one-third of the
patients, three separate groups with three cases each were enrolled at 4-
week intervals. If severe adverse events of the first group with three cases,
according to the National Cancer Institute—Common Toxicity Criteria
(NCI-CTC) version 2.0 [15] or equivalent adverse events, were limited to
one or less of the first three cases, then the second group with three cases

Table 1. Collaborative institutions

National Cancer Center Hospital
Kyoto First Red Cross Hospital

St Marianna University

Tbaraki Prefectural Central Hospital
Kansai Medical University

Iwate Medical University
Kanazawa University

Shinshu University

Aichi Cancer Center

Tochigi Cancer Center Hospital
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was added. When the number of adverse events in the combined first and
second groups with six cases was two or less, then the third group with
three cases was added. If the number of adverse events of the total nine
cases of all three groups was three or less, then subsequently all cases up
to the target number were enrolled without distinguishing them into
three different groups. If the incidence of adverse events in each of the
first, second and third groups ded the ab ted permissibl
limits, the of trial or possible ter
rediscussed.

In the phase II part of this study, 24 cases were enrolled. Since the
treatment administered in phases 1 and 2 was exactly the same, the primary
and secondary end points of the cases registered in phase 1 were evaluated
together with those of the cases of phase 2. So, the primary and secondary
end points were evaluated in all 33 cases.

The observation period for adverse events was deﬁncd as the 1-month
period following the completion of the proced the
presence/absence of pain recurrence at the treated site, thepmod of pain relief
(absence of recurrent pain at the treated site from before therapy to obtaining
a decrease of VAS score to SZ). and patient survival period were mv&mgaud
Inthe follow-up i defined a: hed.
onwhich pain worse than that before therapy was noted, with the period upto
this day defined as the pain-mitigated survival period.

was

statistical analysis

In the phase I part of this study, a cohort size of nine patients was
considered to make it possible to quickly terminate the study if the
incidence of adverse events associated with this modality exceeded one-
third. During phase I through phase II, the study was designed to detect
adverse events having an incidence of at least 10%, setting 80% power, 10%
predicted rate, and 30% unacceptable rate. We anticipated a protocol
dropout rate of 10%. Thus, the target accrual number of patients was
calculated to be 33. All enrolled patients were included for the intention-to-
treat analyses.

registration of cases

The registration period extended from February 2003 until May 2006. To
enter a patient into the study, the investigator had to log on to a restricted
‘Web site using the JIVROSG data center, enter patient indication/
contraindication data, and register the case. After the executive office
verified the suitability of the entered data and the presence/absence of any
missing items, a reglsmmon number :peclﬁc to that panem was issued and
the case regi d. Sub

communications were hmnzd to these issued pau:m registration numbers.
PVP was commu}ced within 1 week of this patient registration.

interventional procedures of PVP
The interventional procedures of PVP in this study were conducted as
follows. After injection of 0.5 mg atropine sulfate and securing a venous
access, the patient was placed prone on the table used for fluoroscopy or CT
Py, and an el di pp and blood pressure
monitor were attached. Fc]lowmg disinfection of the puncture site and
injection of local anesthesia, an 11-14 ga metallic needle was inserted up to
the site where the bone cement was to be injected under fluoroscopic or
CT-fluoroscopic guidance (Figure 1A). Acrylic bone cement was prepared,
and the use of bone cement mixed with up to 30% bactericidal barium was
recomm:znded if bone cement was injected under fluoroscopic guidance
(Figure 1B). The injection was stopped when sufficient bone cement was
judged to have been distributed, after which the needle was withdrawn
(Figure 1C). When multiple (up to three) vertebrae were to be treated, these
steps were repeated for each vertebra. The patient was kept at bed rest for
2 h after the procedure.
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Figure 1. ional dure of p broplasty. (A)
Insertion of 11-14 ga bone blopsy needle into thc target venebral bone
through pedicle under fl or

(CT)-fluoroscopic guidance. (B) Injection of acrylic bone cement under
fluoroscopy or CT fluoroscopy monitoring. (C) Stop of the injection when
adequate distribution is obtained.

combined and supportive therapies
To prevent possible infection, it is reccommended that antibiotics be

for 3 days following the dure and that an
anesthesiologist or other physxclan able to undertake emergency measures
be present. C d ad of any radiotherapy or analgesics,

Volume 20 | No. 12 | December 2009

chemotherapy, and nerve block therapy used before therapy was permitted,
including the wearing of corsets. With the exception of management of
adverse events, surgical intervention for post-therapy pain, admixture of
anticancer agents and/or antibiotics with the acrylic bone cement, and PVP
using general anesthesia were not permitted.

observation items

" The imaging findings including those of radiography and CT of the primary

site and target vertebrae and compression grade were evaluated before
therapy and at around 7 days after therapy. VAS score was determined at
days 1, 3, and 7 and weeks 2 and 4. Also, before and after therapy, the
patient items were evaluated at the specified times.

evaluation methods

The adverse events were evaluated by NCI-CTC version 2. The grade of
pain was evaluated by the VAS. VAS scoring was done by having the patient
himself note his degree of pain on a 10-cm long horizontal straight line. The
efficacy of therapy was evaluated by changes in the VAS score noted 1 week
after therapy. When the VAS score was <2 or when compared with before
therapy a decrease of 25 was obtained, the therapy was judged to be
significantly effective (SE). When the VAS score did not reach <2 but when
compared with before therapy showed a decrease to <5 to 22, the therapy
was judged to be moderately effective (ME). When despite therapy the VAS
score decreased by <2 or showed an increase, the therapy was judged to be
ineffective (NE). The efficacy of the therapeutic results was assessed by the
proportion of the total cases achieving SE or ME. Regardless of any changes
in the VAS score, the therapy was also judged to be NE if the need for
analgesics increased as compared with before therapy. However, to
investigate the timing of the pain-mitigating effect, VAS score was
determined within 1 week before the start of therapy, the day after, 3 days
after, and at 1, 2, 3, and 4 weeks.

In cases with painful bone metastases at multiple sites, treatment was
permitted for all sites with indications for PVP at multiple sessions.
However, one treatment session was limited to 2 maximum of three
vertebrae. When all treatment sessions were finished, the degree of back
pain was comprehensively evaluated by VAS.

results

There were no reports of severe adverse event in any of the nine
cases enrolled in phase I. Thus, without any interruption the
transition was made to phase II. There were a total of 33 cases
from 10 institutions, comprising 16 males and 17 females with
a mean age of 62 years (37-87 years) (Table 2). PS was zero in
one case, one in seven cases, two in 12 cases, and three in 13
cases. Thirty cases had metastatic vertebral tumors, originating
from lung, breast, and colon cancer in seven cases each, liver
cancer in four cases, pancreas cancer in two cases, and tongue,
esophagus, and skin cancer in one case each. The only primary
vertebral tumor was multiple myeloma, which was present in
three cases. Analgesics administered before therapy were
NSAIDs alone in nine cases, opioids alone in 10, and both in
11. Radiotherapy was administered to the treated site in 11
cases. The mean interval between the two therapies was 46 days,
and no pain-mitigating effect was obtained.

Forty-two vertebrae were targeted: 18 thoracic vertebrae (1,
one; VII, three; VIII, three; IX, four; X, two; XI, two; and XII,
three) and 24 lumbar vertebrae (I, one; II, seven; III, seven; IV,
seven; and V, two). Changes in imaging findings at the treated
sites comprised osteolytic changes in 35 vertebrae, mixed

doi:10.1093/annonc/mdp242 | 1945



changes in five vertebrae, and osteoblastic changes in two
vertebrae, with the mean compression rate amounting to 75.8%
(41%-106%). Three vertebral bodies, two vertebral bodies, and

Table 2. Background of enrolled cases

No. of patients 33*
Male 16
Female 17
Mean age, years 62 (37-87)
Primary disease
Lung cancer 7
Breast cancer 7
Colorectal cancer 7
Liver cancer 4
Myeloma 3
Pancreatic cancer 2
Tongue cancer 1
Esophageal cancer 1
Skin cancer 1
Preradiotherapy to the target lesion 11 (mean interval 46 days)
Combined chemotherapy 16
Administered analgesics before therapy
NSAIDs alone 9
Opioids alone 10
NSAIDs and opioids 11
Performance status (ECOG)
0 1
1 7
2 12
3 13
Target VB (N = 42)
1VB 26
2 VBs 5
3 VBs 2
Thoracic VB (N = 18)
1 1
v 3
Vi 3
X 4
X 2
X1 2
X1 3
Lumbar VB (N = 24)
1 1
i 7
m 7
v 7
v 2
Appearance of lesion
Osteolytic 28 (35 VBs)
Mixed 3 (5 VBs)
Osteoblastic 2 (2 VBs)

Compicession rate (height of target VB/height of next VB)
Mean 75.8% (41%-106%)

“Nine for phase 1 and 24 for phase IL.
NSAIDs, nonsteroidal anti-inflammatory drugs; ECOG, Eastern
Cooperative Oncology Group; VB, vertebral bone.
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one vertebral body were treated in two, five, and 26 cases,
respectively. In only a single case was the treatment divided into
two sessions, being completed in a single session in all the other
cases. .

CT fluoroscopy was used in 15 cases, fluoroscopy in 15, and
a combination of the two in three. The mean time required per
case and per vertebra was 49 min (20-120 min) and 39 min,
respectively. The volume of bone cement administered was
1-8 ml [mean 3.5 ml, standard deviation (SD) 1.8 ml]. The
bone cement preparations used were Osteobond (Zimmer, IN)
in 22 cases, Simplex (Stryker, MI) in 10, and Bone Cement
(Zimmer) in one. The recommended antibiotics were used in
19 of 33 cases (58%). The technical success rate was 100%, and
in no cases were the interventional procedures provided by the
protocol terminated prematurely.

In the evaluation of safety, adverse events during the therapy
were limited to bleeding from the puncture site in a single case
(3%), in which the bleeding was stopped with 5-min manual
pressure. Adverse events of grade 3 or 4 of NCI-CTC version
2 or other correspondingly severe adverse events related to PVP
were not observed, while two patient deaths caused by the
progression of primary disease were observed within 30 days of
PVP. An adverse event of PVP could not be excluded in only
a single case (3%) with grade 2 serum hypoalbuminemia.

In the evaluation of clinical efficacy, the response rate was
70% (95% confidence interval 54% to 83%), being SE in 20
cases (61%) and ME in three (9%). The mean time to response
was 2.4 days (median 1 day, SD 3.2 days). VAS score was
6.2 + 2.1 within 1 week before the start of therapy, 3.6 + 2.6 the
day after, 2.5 + 2.6 after 3 days, and 2.4 + 2.3 at 1 week (5-8
days), 2.3 + 2.7 at 2 weeks (11-15 days), 2.0 + 2.2 at 3 weeks
(15-26 days), and 1.8 + 2.3 at 4 weeks (26-29 days) (Figure 2).

Pain recurrence at the treated site was noted in 5 of 23 (22%)
of the SE or ME cases. On the other hand, in 4 of the 10 cases
(40%) in which the therapy was evaluated as ineffective in the
first week, the result was subsequently judged to be ME. At 4
months after completion of enrollment, 14 patients were alive,
18 had died, and the survival status of one was unknown. The
median survival period was 194 days (mean 270 days, SD 240

—+— VAS score

S

E I - e )

S
Pre lday 3days 7days 2wecks 3wecks 4 weeks

Figure 2. Changes in Visual Analogue Scale (VAS) score. The changes in
the VAS values at the various observation time points are listed here. The
curve shows the changes in mean values and the vertical line the standard
deviation. Pain relief from the therapy is obtained by the third day, with
a slow decrease in the VAS values also subsequently observed.
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days). The median pain-mitigated survival period was 73 days
(mean 230 days, SD 258 days).

discussion

The treatment of painful vertebral metastases and other
conditions affecting vertebral bone a major chall

doses to be administered. Therefore, in the present study, we
adopted a modified design of phase I study for drugs. However,
the number of cases in our study is not enough to confirm the
safety of PVP. Additionally, the results of this study are
insufficient to establish PVP as a standard therapy for patients
with painful malignant vertebral body tumors. Thus, we are

in patients under palliative care. Numerous studies have already
validated the efficacy and safety of PVP in this context [4-7,
11]. However, all these were retrospective in nature, and no
such prospective studies have yet been described. This
prompted JIVROSG to undertake the present study to
objectively evaluate this procedure by prospectively assessing its
safety and clinical efficacy in a multi-institutional setting.
Regarding safety, we attributed the absence of severe
complications in the present study to the strict patient selection
criteria adopted by us, namely, the exclusion of cases with
cardiac failure, a history of drug allergy, and tumors exposed
within the vertebral canal, as well as the use of a highly precise
fluoroscopy or CT fluoroscopy apparatus at the time of
therapy, and the use during fluoroscopy of bone cement mixed
with up to 30% bactericidal barium so as to facilitate the
immediate recognition of extravertebral leakage. These results
indicate that PVP is an extremely safe therapeutic intervention,
provided that appropriate patient selection and apparatus use

pl g to conduct a phase III study comparmg PVP and
convenuonal treatments in this context.

conclusion

PVP was proved safe, clinically efficacious, and fast acting in
this prospective study. Future studies enrolling larger groups of
patients will be needed to further establish its role in the
management of painful bone lesions as palliative care.
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However, most importantly, the therapeutic effect was apparent
at a median 1 day (mean 2.4 days, SD 3.2 days), demonstrating
a rapid pain-relieving effect. In contrast, the therapeutic
response to the hitherto standard pain relief therapeutic
modality used, namely, 10 sessions of radiotherapy at 3 Gy, has
been reported to require 24 weeks to take effect [1, 2). In this
respect, thus, the rapidity of onset of the desired effect of PVP is
clearly superior to that of radiotherapy. The median survival
period of the enrolled cases was 194 days because 290 of them had
bone from tumors and had a poor prognosis.
In view of this fact, the selection of a therapeutic modality
providing a prompt onset of pain relief becomes especially
important. In contrast, in cases with vertebral body metastases
highly sensitive to radiotherapy and/or with an anticipated long
survival period, radiotherapy is the preferred option.

Recurrence of pain at the treated site was noted in 21% of
cases. Since this therapy is not designed to exert an antitumor
effect but rather to provide pain relief by strengthening
weakened vertebrae, pain recurrence is unavoidable if the
metastatic foci expand. The lack of a response in six patients
was attributed to their poor general state. The present results
based on a prospective study demonstrate that PVP can be
carried out safely and shows marked efficacy, in particular fast-
acting pain relief, provided that patient and equipment
selection is appropriate and that an experienced physician is
available. Since PVP is a therapeutic technique, its safety cannot
be evaluated like that of a phase I trial for drugs in which drug
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Abstract Locally or recurrent advanced breast cancers
can receive arterial blood supply from various arteries,
such as the internal thoracic artery (ITA), the lateral tho-
racic artery, and the other small arterial branches
originating from the subclavian artery. Failure to cathe-
terize and subsequent formation of collateral arterial blood
supply from various arteries are some of the reasons why
the response to conventional selective transarterial infusion
chemotherapy is limited and variable. To overcome this
problem, we developed a new subclavian arterial infusion
chemotherapy hod using an imp port
system after redistribution of arterial tumor blood supply
by embolizing the ITA. We named this technique
(“redistributed subclavian arterial infusion chemotherapy”
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(RESAIC)). Using RESAIC, patients can be treated on an
outpatient basis for extended periods of time. Eleven
patients underwent RESAIC, and the complete remission
and partial response rate in 10 evaluable patients was 90%:
complete remission [CR] n = 4, partial remission n = 4,
stable disease n = 1, and not evaluable n = 1. Three of four
patients with CR had no distant metastasis, and modified
radical mastectomy was performed 1 month after conclu-
sion of RESAIC. The resected specimens showed no
residual cancer cells, and pathologically confirmed com-
plete remission was diagnosed in each of these cases.
Although temporary grade-3 myelosuppression was seen in
three patients who were previously treated by systemic
chemotherapy, there was no other drug-induced toxicity or
procedure-related complications. RESAIC produced a
better response and showed no major complications com-
pared with other studies despite the advanced stage of the
cancers.

Keywords Interventional Radiology - Breast cancer -
Arterial infusion chemotherapy - Implanted port

Introduction

Locally or recurrent advanced breast cancers (ABC) are
defined as large tumors with extensive regional lymph node
involvement or direct invasion of the skin or underlying
chest wall [1]. These cancers are considered stages IIla and
IIIb according to the tumor-node-metastasis classification
system adopted by the Japanese Breast Cancer Society,
which is based on the classification system of the Inter-
national Union Against Cancer [2]. Inflammatory breast
cancer showing extensive histologic infiltration of dermal
lymphatics is a distinct subset.
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Some previous' reports showed that arterial infusion
chemotherapy (AIC) was effective for ABC [3-5]. The local
response rate was reported to be 70-90%, and rapid tumor
regression was seen after the treatment [6-10]. However,
problems associated with AIC should be resolved as will be
described later. Conventionally in AIC procedures, the
chemotherapeutic agents are selectively infused into sub-
clavian and axillary branches supplying the tumor. This
procedure is technically complicated and is usually repeated
multiple times in each patient. In addition, such repeated
infusions cause drug-induced damage to the infused arterial
branches, and this promotes the development of collateral
arterial blood supply [11, 12]. Therefore, the number of
possible repetitions of AIC is limited, and long-term local
control is not expected. To overcome this problem, we

1 i

Patients and Methods

Patients with ABC whose tumors were resistant to standard
systemic chemotherapy or who were physically unable to
tolerate systemic chemotherapy were the subjects of this
study. In addition, patients >70 years of age with no pre-
vious treatment were also included. Eligibility criteria
included histologically confirmed carcinoma of the breast,
a life expectancy >2 months, World Health Organization
performance status <3, adequate bone marrow reserve
(white blood cell count >2500/ml, platelet count >50,000/
ml), satisfactory renal and liver function (total bilirubin and
creatinine <1.25 times the upper normal limits), and nor-
mal cardiac function by electrocardiogram (ECG). Any
previous sy ic ch herapy except trastuzumab

developed a new subclavian arterial infusion apy
method using an implanted catheter—port system (CPS) after
redistribution of the arterial blood supply to the tumor. The
arterial redistribution was achieved by embolizing the
internal thoracic artery (ITA) using a mixture of N-butyl
cyanoacrylate (NBCA; B. Braun, Melsungen, Germany)
and iodized oil (LPD) (Lipiodol Ultra-Fluide; Terumo,
Tokyo, Japan) [13, 14]. Using this drug-delivery system,
patients can be treated on an outpatient basis for extended
periods of time. We believe that this new technique, named
“redistributed subclavian arterial infusion chemotherapy”
(RESAIC), is an epoch-making treatment method that, to the
best of our knowledge, has not been reported previously.
This study was an initial pilot study evaluating the effec-
tiveness and safety of RESAIC.

Table 1 Patient’s characteristics

(Herceptin; Chugai, Japan) was discontinued for at least
4 weeks before protocol entry. Trastuzumab was continued
to inhibit the development of distant metastases. Eleven
patients were entered into this study between April 2006
and December 2007. All patients were female and had
diagnosed stage ITIb or IV disease. A 52-year-old woman
who had severe anemia (hemoglobin 5.6 g/dl) caused by
bleeding from the primary tumor was entered because she
was considered unable to tolerate standard systemic che-
motherapy. All patients gave informed consent to
participate in the trial. Table 1 shows demographics of the
participating patients. The patients’ ages ranged from 39 to
82 years (median of 61).

All patients were histologically diagnosed as having
invasive ductal carcinoma, and one of the patients showed

Patient Age Tumor Neoadjuvant Stage Distal Symptom Pathology PgR Her2
no. or resistant metastasis
1 58  Primary Resistant IV Lung, liver Pain IDC/scirrhous carcinoma + 1+
2 39  Primary Resistant IV Lung, bone Pain, ulcer, bleeding IDC/papillo-tubular - -
carcinoma
3 51 Recurrence Resistant v Lung, bone Pain, ulcer, bleeding IDC/scirrhous carcinoma + 2+
4 52 Primary Neoadjuvant IIIb - Pain, bleeding, effusion IDC - 2+
5 72 Primary Resistant b - Pain, ulcer, effusion IDC + -
6 61 Recurrence Resistant IV Liver Pain, ulcer, effusion, arm IDC/solid-tubular - -
edema carcinoma
7 81  Primary Neoadjuvant b - Pain, ulcer, effusion, arm IDC - 2+
edema
8 78 Recurrence Resistant b - Pain, erosion, i IDC (i y breast - 24
cancer)
9 70  Primary Neoadjuvant IV Lung, bone Pain, ulcer, bleeding, arm IDC/scirrhous carcinoma + 24
edema
10 82 Recurrence Resistant IV Lung, liver Pain, bleeding IDC/solid-tubular - -
carcinoma
11 52 Primary Resistant IV Lung, liver, Pain, bleeding, abscess IDC/solid-tubular - 3+
brain formation carcinoma

IDC invzsive ductal carcinoma
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inflammatory breast cancer. Four patients had no distant
metastasis. Three patients were previously untreated
(neoadjuvant group) and eight were resistant to the previ-
ous systemic chemotherapy (resistant group). One patient
had undergone mastectomy, and another patient had
undergone radiotherapy. Overall tumor size ranged from
5.9 to 21.3 cm in diameter (median 10.5), from 10.5 to
13.9 cm (median 12.2) in the neoadjuvant group, and from
5.9 to 21.3 cm (median 6.7) in the resistant group. Tumor
stages in the neoadjuvant group were IIIB in two patients
and IV in one patient, and the stages in the resistant group
were IIIB in two patients and IV in six patients.
Implantation of the CPS for RESAIC was performed by
way of angiography with the patient under local anesthesia.
First, embolization of the ITA was performed. In the first
case, the ITA was embolized initially by way of a trans-
femoral approach. This was followed by implantation of
the CPS by way of a brachial artery approach, and the port
was placed in a subcutaneous pouch at the forearm (two-
route method). In the other 10 patients, both embolization
and implantation of the CPS were achieved with the ipsi-
lateral brachial approach (one-route method). In the one-
route method, the brachial artery was punctured at the level
of the elbow joint, and a 4F 11-cm sheath was inserted.
Subsequently, selective arteriograms of the subclavian
artery and the internal thoracic artery were obtained with a
4F cobra-shaped catheter, a 4F pigtail catheter, or a hook-
shaped catheter inserted through the sheath (Fig. 1A, B).
Thereafter, embolization of the ITA was performed by a
coaxial technique. To embolize the peripheral levels, a
mixture of NBCA, which was diluted eight times with LPD
(NBCA-LPD), was infused by way of a microcatheter
advanced to approximately 3 cm distal to the tip of the
parent catheter. To describing the procedure in more detail,
the tip of the parent catheter was advanced up to the first
corner of the ITA, and the tip of the microcatheter was
further advanced to approximately 3 cm distal to the cor-
ner. The tip was placed in the straight-line part of the ITA.
In eight cases, the proximal portion of the ITA was addi-
tionally embolized using one or two Tornado microcoils
(Cook), 3-5 or 3-6 mm in diameter. After the embolization
was confirmed with repeat arteriogram, implantation of the
CPS was commenced (Fig. 1C, D). A long tapered An-
thron-PU catheter (AP) with a distal shaft measuring 3.3F
and 60 cm long and a proximal shaft measuring S5F and
40 cm long) was placed as an indwelling catheter with its
tip positioned just distal to the ITA over a 0.025-inch
guidewire. Before insertion, the length of the tapered 3.3F
part of the AP was shortened to match the length from the
puncture site to the placement site measured on the fluo-
roscopic monitor. The length ranged from 30 to 37 cm
(median 32.4). After insertion of the AP, the distal end of
the catheter was connected to a port (brachial type of

Celsite port; Toray, Japan) and was implanted at the sub-
cutaneous pouch approximately 5 cm distal to the puncture
site in the forearm through the subcutaneous tunnel

(Fig. 1E).
Treatment

To prevent perfusion to the arm, a sphygmomanometer cuff
was used during injection of anticancer drugs. To evaluate
drug distribution over the entire tumor, computed axial
tomography arteriography (CTA) was performed while
contrast material was infused by way of the implanted CPS.
Drug distribution was evaluated in the most recent eight
patients, except for one who had inflammatory breast
cancer within the first treatment cycle of the protocol. CTA
was started 30 seconds after injection of 30 ml contrast
material, 50% diluted with saline, at a speed of 0.5 mU/s.

Bolus injections of anticancer agents were repeated
weekly. Epirubicin (EP), 30 mg/body diluted with 20 ml
distilled water, was injected during the implantation of the
CPS as an initial treatment. From the second treatment
onward, a treatment cycle consisted of cisplatin (10 mg/
body) and 5-fluorouracil (5-FU) (750 mg/body) on days 1
and 8 and 15, and EP (20 mg/body) on days 22 of treat-
ment. Both cisplatin and 5-FU were diluted with 20 ml
normal saline, and EP was diluted with 20 ml distilled
water. For two patients (patients no. 8 and 11), who had
been treated with trastuzumab before undergoing our
treatment, EP was excluded from the treatment protocol
because of potential cardiac toxicity. In these patients,
cisplatin (50 mg/body) and 5-FU (1000 mg/ body) were
used at the initial injection instead of EP. Both drugs were
diluted with normal saline, 100 and 20 ml, respectively.
From the second treatment onward, the same doses of
cisplatin and 5-FU were again injected. The drugs were
injected at a speed of 1 ml/5 s for 60 seconds, and then the
tourniquet was removed to reperfuse the arm for 30 sec-
onds. This treatment cycle was repeated until all of the
drugs were delivered for a particular session.

A decrease in leukocyte count <2,500 or platelet count
<50,000 prompted us to interrupt the treatment until the
counts increased. At leukocyte counts ranging from 2,500
to 3,000 or at platelet counts ranging from 50,000 to
100,000, the dosage of 5-FU was decreased to 500 mg/
body. Cycles were repeated until sufficient regression was
achieved. Blood counts and biochemistry tests were mon-
itored weekly.

Treatment-related responses in the primary site tumors
and regional lymph node metastases were evaluated by the
change in the largest diameter of the lesion using the
Response Evaluation Criteria in Solid Tumors (RECIST)
manual [15]. Herein, measurable lesions are defined as
tumors that can be measured accurately in at least one

@ Springer
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Fig. 1 (A) Digital subtracti i hy of 1 artery by
way of brachial approach in patient n\lmber 5 shows dilated internal
and lateral thoracic arteries supplying advanced breast cancer. (B) A
selective internal thoracic arteriogram was obtained using a 4F hook-
shaped catheter. The medial part of the tumor is markedly opacified.
(C) After embolization of the ITA using NBCA-LPD, a subclavian
arteriogram was obtained by injection of contrast material by way of
the indwelling catheter. The absence of opacification of the ITA was
confirmed. (D) The scout film demonstrates the tip of the indwelling
catheter (white arrow) placed just distal to the ITA as well as the

@ Springer
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accumulation of the infused NBCA-LPD (white arrow heads). (E)
The distal end of the catheter was connected to the port and implanted
at the pouch app ly 5 cm distal to the puncture
site in the forearm through the tunnel. (F) P

CAT shows a huge tumor occupying the right-sided anterior chest
wall. (G) CAT examination 1 month after starting RESAIC demon-
strates a marked decrease in tumor size. Multiple high-density dots
represent accumulation of NBCA-LPD in the ITA (white arrow) and
its branches. (H) CAT examination 3 months later shows disappear-
ance of the tumor. CR was diagnosed
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dimension as being >10 mm and with a diameter that is
more than twice the slice thickness (5 mm) by computed
axial tomography (CAT) or magnetic resonance imaging
(MRI). All measurable lesions, up to a maximum of 5,
should be identified as target lesions, and these lesions
should be selected in order of tumor size, starting with the
largest.

Ten patients, except the one who had inflammatory
breast cancer, were evaluated. Complete response (CR)
was defined as disappearance of all target lesions. Partial

they had no visible dermal injury on the anterior chest wall,
and the symptoms subsided without intervention. All
patients were discharged within a few days after the pro-
cedure and continued infusions on an outpatient basis. The
observation periods ranged from 90 to 553 days (average
310). Eight patients belonging to the resistant group
required a dose-reduction of 5-FU because of decreased
blood cell counts. Temporary grade-3 myelosuppression
was seen in three patients belonging to the resistant group,
requmng mterrupuon of RESAIC for 2 weeks and

response (PR) was defined as at least a 30% d in the

istration of g 'yte colony-stimulating factor (G-

sum of the largest diameters of the target lesions, using the
baseline sum of the largest diameters as reference. Pro-
gressive disease (PD) was defined as at least a 20%
increase in the sum of the largest diameters of the target
lesions, using the baseline sum of the largest diameters as
reference. Stable disease (SD) was defined as neither
shrinkage sufficient to qualify for PR nor increase sufficient
to qualify for PD. Not evaluable (NE) was defined when an
evaluation by CT or MRI could not be done. CT and MRI

CSF). The number of treatment cycles ranged from 3 to 10
(average 4.7), and the number of days when CPS was used
ranged from 85 to 258 days (average 147.5).

The results of RESAIC are listed in Table 2. Nine of 10
(90%) patients showed PR or CR. The size of the tumor in
one patient with inflammatory breast cancer could not be
accurately measured on CT or MRI. In responder patients,
at Jeast some tumor reduction was observed within 1
treatment cycle. In three of four CR patients, resected

scans were examined monthly. After the concl of showed no 1 czncer cells and pathologic
RESAIC, clinical follow-up was carried out every 1 ission (PCR) was d d in each of them.
3 months. Proced lated cc ions and They have been alive and tumor free for 14, 9, and

P

were scaled using version 3 of the National Cancer Insti-

tute’s Common Terminology Cm.ena for Adverse Events

[16].

Results

There were no serious procedure-related complications
during CPS implantation nor were there any complications
related to CPS during treatment. Two patients had grade 2
chest pain for a few days after embolization of ITA, but

Table 2 Treatment results

2 months, respectively (Fig. IF-H). The treatment of
another CR panem in the resistant group with distant

was d after 6 t cycles, and
the patient was transferred to best supportive care after
radiotherapy because of progression of her metastatic dis-
ease. The treatment of one patient with SD was
discontinued after the patient had received 3 treatment

cycles b of progression of lung One
pauent (no. 3) with PR refused >3 treatment cycles
her prep: d b worse. One

patient who had mﬂammatory breast cancer underwent 5

Patient Treatment Beginning tumor Ending tumor Local Observation Outcome

no. cycle size (cm) size (cm) response period (d)

1 10 6.2 30 PR 553 Dead from metastasis

2, 3 6.6 5.0 SD 351 Dead from metastasis

3 3 59 29 PR 141 Dead from metastasis

4 3 139 Scar CR 539 Surgery — tumor free (14 mo)
5 5 6.8 Scar CR 546 Surgery — tumor free (9 mo)
6 4 12.7 Scar CR 373 Radiation, hepatic arterial chemotherapy
7 5 105 Scar CR 252 Surgery — tumor free (2 mo)
8 5 - - NE 226 Observation

9 5 122 5.0 PR 192 Systemic chemotherapy

10 5 213 7.5 PR 144 Continuing SAIC

11 3 6.8 22 PR 90 Continuing SAIC
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treatment cycles and had no exacerbation for 3 months
after discontinuation of RESAIC. The treatment of one
patient with PR (initial group) was interrupted after 5
treatment cycles because of bone metastasis progression.
She was followed-up by systemic chemotherapy with
aromatase inhibitors and capecitabine (Zeroda; Chugai,
Japan). Currently, two patients have undergone RESAIC
without complication. Entire tumors in the breast and
axillary regions were remarkably enhanced on CTA in each
of the eight patients examined. Even the recurrent tumor
present in the medial portion of the chest wall after
mastectomy was enhanced and responded to RESAIC
(Fig. 2A-C). Symptoms-such as pain caused by skin
ulceration, bleeding, foul odor, arm edema, or paresthesia-
improved in all patients. The improvement of bleeding and
pain was apparent a few days after the initial infusion, and
arm edema improved as tumor size decreased.

All patients initially developed grade 1 skin hyperpig-
mentation in the infused areas ranging from the anterior
chest wall to the back. Grade-1 alopecia occurred in two
patients. The local symptoms improved, and RESAIC was
continued on an outpatient basis without any significant
complications in any patient.

Fig. 2 (A) Pretreatment CTA
of the patient number 6 shows a
huge tumor metastasis in the
right axillary region. Another
metastatic tumor with ring
enhancement (white arrow) is
seen on the medial side of the
anterior chest wall. (B)
Pretreatment subclavian
arteriogram by way of the
implanted CPS demonstrates a
huge tumor, which is mainly
supplied by the lateral thoracic
artery in the right axillary
region. The black arrow
represents embolized coils in
the ITA. (C) CTA obtained by
infusion of contrast material by
way of the implanted CPS at the
time of the third infusion
chemotherapy demonstrates
decreased sizes of both tumors
and contrast enhancement of the
tumors, which represents
distribution of the infused drug

@ Springer

Discussion

Currently, neoadjuvant systemic chemotherapy followed
by local therapy is considered the standard treatment for
controlling both local and inherent disseminated disease in
patients with ABC [17]. However, an optimal chemother-
apeutic regimen, local therapy, and optimal sequencing of
those modalities have not been determined. Patients with
ABC often suffer from symptoms, such as pain, bleeding,
foul odor associated with infection, arm edema, or pares-
thesia. Therefore, preserving quality of life with local
sterilization is given priority in such patients. AIC has
often been applied as neoadjuvant chemotherapy for stage
TII wwmors for the purpose of tumor downstaging [7, 8], as
locoregional control of recurrent cancer [9], or as palliation
[10]. In addition, it has been reported that AIC was feasible
and effective in elderly patients [10]. However, selective
and repeated infusion using the conventional procedure
cause drug-induced damage of the infused arterial bran-
ches, and this promotes the-development of a collateral
arterial supply. Anatomically, the posterior intercostal and
inferior epigastric arteries communicate to the anterior
intercostal and superior epigastric arterial branches of the
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