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Fig. 3 Sagittal reconstructed CT after the procedure. A The sagittal CT image taken on the next day after the procedure. B The CT taken after 2

weeks

2 days when each of the loculated fluids was almost dis-
appeared. The second patient had the residual fluid col-
lection in the posterior lower part of the thoracic cavity,
which was drained by an additionally inserted 32-Fr chest
tube, followed by surgical debridement. They left the
hospital after 35 and 26 days, respectively.

Discussion

The axial approach through PA is a new approach method
for PCD of pleural fluid collection. This procedure has the
following advantages: (1) able to achieve the procedure by
keeping a patient in supine position; and (2) able to achieve
the procedure only under fluoroscopic guidance. Because
the conventional intercostal approach method is unfeasible
to PCD of loculated pleural fluid collections in the pos-
teromedial part of thoracic cavity, the approach method to
puncture the back of the patient placed in contralateral
decubitus position often is selected. However, the approach
from the back provides relatively a lot of burden to medical
staff from the standpoint of patient care during the proce-
dure and the observation period. In addition, in a case that
is limited to the supine position, PCD is not indicated.
Therefore, the axial approach is at least feasible for the
patients with the limited supine position as well as with no
indication of puncture approach through the back. Actu-
ally, PCD by the axial approach was very useful in the two
patients, because the procedures and observations in
patient’s supine position werc less stressiul.
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It is the technical key that the initial target is the superior
aspect of the posterior third rib. As seen on Fig. 1B of the
sagittal CT image, the thoracic cage apparently curves
backward at the range from the level of the first rib to the
forth. The transverse distance between the second and the
third rib is longer than that between the third and the fourth
rib. It is easier to pass the needle between the second and
third rib into the pleural fluid. The proceduré aiming at the
superior aspect of second rib would have higher risk of
pulmonary injury, because the needle would be advanced
more ventrally and closely to the border between the fluid
and lung tissue. Those are the reasons why the initial
puncture target is the superior aspect of the third rib.
However, this anatomical characteristic does not apply to
patients with scoliosis or skeletal deformity of thoracic
cage. The axial puncture approach is not indicated for
them; another puncture approach except for between the
second and the third rib may be able to be introduced.
Further investigation is needed in the future.

It has been reported that major complications from chest
tube drainage of pleural fluid collection consist of chest
wall hematoma, infection, hemothorax, laceration and
infarction of the lung, and subdiaphragmatic placement
with injury to the spleen, liver, and stomach [5, 6]. The
puncture needle by the axial approach craniocaudally
passes between the posterior second rib and the scapula.
Considering the anatomy around the needle tract, hemo-
thorax, chest wall hematoma, and pulmonary laceration
may occur. The arteries supplying around the needle tract
consist of branches of subclavian, axillary, and intercostal
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arteries. The risk of injury to the intercostal arteries is
considered to be lower than that of conventional intercostal
approach, because each of them runs under the rib. How-
ever, it has been reported that existence of collateral
intercostal arteries running on the ribs causes vascular
complications [7]. So, there is always the need to pay
attention to vascular injury at PCD by the axial approach.
To avoid pulmonary laceration, it is necessary to confirm
the fluid collection extending to PA on CT, and not to
insert the needle tip deeply into the fluid. There is almost
no risk of injury to the subdiaphragmatic organs or brachial
nerve plexus. Brachial plexus runs through the interscalene
triangle bounded by anterior and middle scalene muscles.
In other words, the puncture site just above trapezius
muscle is located in the dorsal side of the scalene muscles.
As a result, there is no risk of injury to the brachial plexus.

Percutaneous catheter drainage by the axial approach to
drain the fluid collection extending to PA is technically
simple and safe, and useful from a standpoint of patient
care because of no needs to alternate the patient’s position.
In addition, this approach may be applicable to lung biopsy
or radiofrequency ablation for lesions existing around PA
by using CT in near future. Further investigation with an
accumulation of the number of patients is necessary to
verify the safety and efficacy of this procedure.
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Abstract

Purpose Peritoneal venous shunts (PVSs) are widely
used for palliating symptoms of refractory malignant
ascites and are recognized as one of the practical methods.
However, reliable clinical data are insufficient because
most previous reports have been small studies from single
centers. We conducted a retrospective, multicenter study to
evaluate the safety and efficacy of radiologically placed
PVSs in patients with malignant refractory ascites.
Methods A total of 133 patients with malignant ascites
refractory to medical therapies were evaluated for patient
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characteristics, technical success, efficacy, survival times,
adverse events, and changes in laboratory data.

Results  PVSs were successfully placed in all patients and
were effective (i.e., improvement of ascites symptoms
lasting 7 days or more) in 110 (82.7%). The median
duration of symptom palliation was 26 days and median
survival time was 41 days. The most frequent adverse
event was PVS dysfunction, which occurred in 60 (45.1%)
patients, among whom function was recovered with an
additional minimally invasive procedure in 9. Abnormali-
ties in coagulation (subclinical disseminated intravascular
coagulation) occurred in 37 (27.8%) patients, although
only 7 (5.3%) developed clinical disseminated intravascu-
lar coagulation. Other major adverse events were gastro-
intestinal bleeding (9.8%), sepsis (3.8%), and acute heart
failure (3.0%). PVS was least effective in patients with
elevated serum creatinine, bloody ascites, or gynecologic
tumor.

Conclusions Radiological PVS is a technically feasible
and effective method for palliating the symptoms from
refractory malignant ascites, but preoperative evaluation
and monitoring the postprocedural complications are
mandatory to preclude severe adverse events after PVS.

Keywords Denver shunt - Interventional radiology -
Malignant ascites - Palliative therapy -
Peritoneovenous shunt

Introduction
Malignant ascites in patients with advanced cancer often is
resistant to medical treatment. Symptoms from ascites

result in a progressive deterioration in quality of life
(QOL). Whereas diuretics and paracentesis have been
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traditionally used to relieve symptoms, their use among
physicians is inconsistent [1, 2]. In particular, although
paracentesis can provide immediate relief, the effects are
temporary and may be complicated by hypotension, sec-
ondary peritonitis, and the loss of protein and electrolytes
contained in ascites fluid, among others [1, 2].

One means of palliating the various symptoms of
refractory ascites is peritoneovenous shunts (PVSs) [3-15].
A variety of shunts have been designed [16-18]. One
widely used technique for nonsurgical peritoneovenous
shunting is radiological insertion of the Denver shunt. To
date, however, most reports of PVSs for malignant
refractory ascites have been derived from small studies at
single centers only, and the lack of large, prospective,
safety and efficacy studies has hampered evidence-based
decision making on the use of PVSs and limited their
routine use in malignant refractory ascites [5, 6, 9-11, 14,
15, 19, 20].

We evaluated the safety and efficacy of radiologically
inserted PVSs in patients with refractory malignant ascites
at five Japanese institutions. This study was conducted by
Japan Interventional Radiology in Oncology Study Group
(JTVROSG) as JIVROSG-0809.

Materials and Methods
Patients

Inclusion criteria were cytologically confirmed or clinically
diagnosed malignant ascites, malignant ascites refractory to
medical therapy, and ascites-induced deterioration in
quality of life (QOL). Patients with ascites due to liver
cirrhosis were excluded. The study protocol was approved
by the institutional review board of all participating insti-
tutions before data collection.

From May 2001 to July 2008, 133 of 139 patients who
underwent percutaneous insertion of PVSs met the selec-
tion criteria at five Japanese institutions and were enrolled
(see Appendix Table 5).

Procedure for PVS Placement

All PVSs were inserted by interventional radiologists in the
angiography suite by using a previously reported technique
[20-23]. Percutaneous placement was performed under
local anesthesia with image guidance by ultrasonography
or fluoroscopy. PVSs were inserted on the right side except
in patients with a central venous port in the right subclavian
vein. Intravenous analgesic and sedative use was conducted
in accordance with the local practice of the participating
hospital, as was prophylactic use of antibiotics, catechol-
amines, or gabexate mssylate.
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The PVS system consisted of a 16-F peritoneal catheter

“with side holes, a 12-F venous catheter, and a chamber with

a one-way valve, which connected the two catheters. Pre-
procedural paracentesis was performed when ascites was
prominent. Initially, a 3-cm to 5-cm long skin incision was
made over the lower rib cage and a pocket for the chamber
was created with forceps. The chamber was placed on the
lower 1ib cage to allow it to be manually compressed to
prevent occlusion of the system. Through a subcutaneous
tunnel, the venous catheter was pulled out via a small
incision on the upper chest wall and inserted into the
subclavian vein using a Seldinger technique with a 12-F
peel-away introducer under image guidance. The peritoneal
catheter was inserted into the abdominal cavity with a 16-F
peel-away introducer using a similar technique. After
checking the position of the entire system by fluoroscopy,
the incisions were closed with silk, nylon, or absorbable
thread. The procedure time, defined as the time from local
anesthesia to the completion of suturing, was recorded.

Study Outcomes

The primary outcome of interest was the clinical efficacy of
the PVS, which was evaluated from subjective symptoms
and classified into two groups: (1) effective, defined as
duration of improvement of symptoms of ascites of 7 days
or more; and (2) ineffective, duration of improvement of
less than 7 days. In patients with multiple symptoms from
ascites, the PVS was judged effective when at least one
symptom was improved for 7 days or more without the
other symptoms becoming worse.

Secondary outcomes included patient characteristics, tox-
icity profile, changes in laboratory data, overall survival time
(0S), and duration of palliation. Adverse events (AEs)
were graded according to the National Cancer Institute
(NCI) Common Terminology Criteria for Adverse Events
(CTCAE), version 3. Grade 2 to 5 hematologic and nonhe-
matologic AEs observed by the attending physicians were
collected from the case report forms. Laboratory data before
and after PVS placement were collected for blood counts,
prothrombin times (PT), fibrinogen, fibrin degradation prod-
ucts (FDPs), and blood chemistry. Shunt dysfunction was
defined as PVS system-related AE, and it was evaluated in
another category. OS was defined as the time from the first
PVS placement to death as aresult of any cause. The palliation
period was defined as the total duration of symptom palliation.

Statistical Analysis

Demographic and baseline variables, including survival
time, were summarized by descriptive statistics. Survival
time, duration of symptom palliation (<4 W or not) were
compared using the x? test and Mann-Whitney U test.
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Pre- and postoperative body weight and abdominal girth
were compared by using the Mann—Whitney U test. Factors
associated with efficacy and toxicity (preoperative labora-
tory data, characteristics of ascites, and primary disease)
were identified on the %* test and Mann-Whitney U test.
Statistical significance was set at 0.05. SPSS software,
version 17 (SPSS, Chicago, IL) was used for all analyses.

Results
Patient Demographics

Characteristics of the total of 133 consecutive patients are
listed in Table 1. Gastrointestinal (GI) cancer (43.6%) was
the most common primary tumor. Performance status was 3
or 4 in 36.9% of patients. The most frequent symptoms
from ascites were abdominal distention (98.5% of patients)
and anorexia (65.4%). Cytological examination of ascites
was performed in 54.8% of patients and malignant

J
Table 1 Baseline characteristics of patients

Characteristic No. of patients %
(N =133)
Age (yr) /
Mean 583
Median 58
Range 27-82
Sex
Male 71 53.4
~ Female 62 46.6
Site of primary tumor
Colorectal cancer 33 24.8
Gastric cancer 25 188
Pancreatic cancer 21 15.8
Liver/bile duct cancer 16 12
Breast cancer 10 7.5
Qvarian cancer 9 6.8
Others 19 143
Performance status (ECOG®)
0 : 0 0
1 19 143
2 52 39.1
3 44 331
4 5 3.8
Unknown 13 9.8
Symptom ‘
Abdominal distention 131 98.5
Anorexia 87 65.4
Nausea/vomiting 10 7.5
Dyspnea 7 53

Table 1 continuved

No. of patients %

Characteristic
(N =133)
Lower extremity edema 7 53
Abdominal pain 6 4.5
Malaise 4 3.0
Back pain 3 2.3
Gait difficulty 1 0.8
Characteristics of ascites
Property
Clear 71 534
Bloody 21 15.8
Chylous ) 9 6.8
Bilious 0.8
Not evaluated 31 233
Viscosity &
Serous 90 67.7
Mucinous 9 6.8
Not evaluated 34 © 256
Cytology
Malignant 49 36.8
Nonmalignant Y 18
Not performed 59 444
Unknown 1 0.8

* Eastern Cooperative Oncology Group

cytology was reported in 36.8%. Preoperative abdominal
girth was 87.4 £ 10.1 cm (n = 71) and pregperative body
weight was 55.6 & 11 kg (n = 107).

PVS Placement

PVS was successfully placed in all patients (100%) without
any procedure-related AE. One patient developed grade
one pneumothorax, which did not require additional
intervention. The median procedure time was 60 *(range,
11-160) min, and the median length of hospital stay after
PVS placement was 17 (range, 1-130) days.

Efficacy

PVS placement satisfied the efficacy criteria in 110
(82.7%) patients (Fig. 1). Palliation of symptoms until
death, which was one criterion of efficacy, was achieved in
58 patients (43.6%). With regard to individual symptoms,

. PVS was effective for abdominal distention in 94 of 131

patients (71.8%), anorexia in 37 of 87 (42.5%), and nausea/
vomiting in 5 of 10 (50%). )

Median follow-up period was 41 (range, 1-481) days
and was continued until death in 115 (86.5%) patients.
Median time to symptom palliation was 2 (range, 1-9)

@_ Springer
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ffectiv 110 paticnts (82, 7%
Palliative peried | Sxmpiom_palliatic
= T dayy Abdominal distention 94(71 8%) Dyspnea 4(57.1%)
Anorexia 37(42.5%) Abdominal pain 3¢50.0%)
Nausea/\vomiting 5(50.0%) Malaise 2(50.0%)
Lower extremity edema 4(37.1%) Back pain 1(33.3%)
- n CGiait difficulty 1¢100.0%)
33 patien :
! . MST: 43 davs (range. 9-481)
Erenperative sumptom. Follow up completed: 94 110 patients
Abdominal distention 131 Pallistion until death: 5894 paticnts (43 6% of overall 133 cases)
Anorexia 87
Nausea vomiling 10 ’ . s
Lower extremity’ edema 7 PVS insertion
Dyxpnea 7 - ive doath 6 patiom
Abdominal pain 6 Tneffectiv 23 paticnts (17.3%) Penioperative death 6 patients
Molaise 4 &
Back pain 3 . o ive PVS ause of death
sail i . * Acute heart faill 2
ot dithiculty ! Abdominal distention 13 DI:".“ e 1
":‘“"’x‘ 1’ Renal failure 1
norexia Ao
. Sepsis ]
Lost to follow vp 3 :i[:ur\' discase ]
Palliative period . i
s Tilags MST . 20 days (range. 1-184) AST: 2.5 days irange. |+6)

*Median survival tinw
“Patients died within 7 dayx after PV'S insertion in incllective group.

Fig. 1 Efficacy and safety of PVS insertion

days, median duration of palliation was 26 (range, 1-330)
days, median duration of hospitalization was 17 (range,
1-130) days, and median survival time was 41 (range,
1-481) days.

At 7 days after PVS placement, mean abdominal girth
and body weight decreased significantly (decrease ratio:
—6.2% and —3.2%; P < 0.001), and no significant change
was seen in performance status (P = 0.342).

Adverse Events

The profile of nonhematologic AEs, except for primary
tumor progression, is listed in Table 2. Sixty patients
(45.1%) demonstrated 85 AEs over grade 2, of whom 44
patients developed AEs of grade 3 or higher. Six patients
died within 7 days after PVS placement (Fig. 1). Preoper-
ative serum creatinine level was 3.9 mg/dl in the patient who
died of renal failure. After 7 days, fatal AEs (grade 5) except
for primary tumor progression occurred in 11 patients, due to
DIC in 3, GI bleeding in 3, and DIC with GI bleeding, GI
bleeding with liver dysfunction, myocardial infarction,
bowel perforation, pneumonitis in one patient each.

GI bleeding was found in 13 patients (9.8%): upper GI
bleeding in 7 patients; lower GI bleeding in 2; upper and
lower GI bleeding in 2; biliary tree bleeding in 1; and
unknown origin in 1. Among these patients, observation or
conservative therapy was selected in seven patients. Addi-
tionally, transfusion in four patients, endoscopic variceal
ligation for esophageal varices in one, and embolization
therapy using interventional radiological technique in one
were performed. Clinical DIC was found in seven patients

@ Springer

(5.3%), and five patients died of DIC. Grade 5 DIC and GI
bleeding occurred in the same two patients. Abnormalities
in coagulation without clinical symptoms (subclinical DIC)
after PVS insertion were seen in 37 (27.8%) patients, but
they did not progress to clinical DIC. Other severe nonhe-
matologic AEs that appeared in more than one patient
included sepsis (3.8%), bowel obstruction (3.8%), acute
heart failure/pulmonary edema (3%), venous thrombosis
(2.3%), pleural effusion (2.3%), respiratory failure (2.3%),
fever (1.5%), and liver dysfunction/failure (1.5%).

Regarding grade 2 or higher AEs involving hematologic
and other laboratory data, a total of 98 patients (73.7%)
demonstrated 189 AEs (Table 3). Anemia was the most
frequent AE, developing in 71 (53.4%) patients. This
occurred within 7 days in 88.7% of these patients, and the
change in grade was 2 or less in 97.2%.

Patency and Function of the PVS

PVS dysfunction (recurrence of symptoms) was observed in
60 (45.1%) patients (Fig. 2). PVS imaging findings by
chamber shuntography, Doppler ultrasound, or radionuclide
scanning revealed occlusion in 11 patients and patency in 19
(Fig. 2). Of these 60 patients, paracentesis was required in 22.
Ten patients underwent a secondary intervention involving
the PVS, nine of whom achieved symptom palliation.

Factors Associated with Safety and Efficacy

Subgroup analyses were performed for preexisting abnor-
malities in laboratory data, primary tumor site, and ascites
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Table 2 Adverse events

Adverse event Overall % Days to onset (range) Grade =3 %
Any 60 pts 45.1 ' 44 331
GI bleeding 13 9.8 10 (2-28) 11 83
Fever 11 83 19 (0-6) 2 1.5
Venous thrombosis 8 6 4 (2-17) 3 2.3
Pulmonary embolism 1 08 15 1 0.8
Clinical DIC 7 53 2(0-7) 7 53
Pleural effusion 6 45 7@3-11) 3 23
Respiratory failure 3 23 2(0-3) 3 2.3
Pneumonitis 1 0.8 42 1 0.8
Sepsis 5 3.8 5(2-51) 5 3.8
Bowel obstruction 5 3.8 24 (3-123) 5 3.8
Bowel perforation® 1 08 36 1 0.8
Nausea 1 08 6 1 0.8
Acute heart failure/pulmonary edema 4 3 0.5 (0-2) 4 3
Myocardial infarction 1 08 41 1 0.8
Cerebrovascular ischemia 1 0.8 40 1 0.8
Liver dysfunction/failure 2 1.5 10.5 (1-20) 2 1.5
Abdominal pain 1 0.8 20 1 0.8
Renal failure 1 08 1 1 0.8
Hyperglycemia 1 0.8 10 1 0.8
Diarrhea 3 23 1 - -
‘Wound dehiscence 2 1.5  Unknown ‘ - -
Wound infection 2 1.5 177 - -
Fatigue 1 08 1 ‘ - -
Edema 1 08 3 - -
Pneumothorax 1 08 0 - -

“ Bowel perforation was Hypotension 1 08 1 - -

Fhoug}n to be unrelated to PVS Rigors/chills 1 08 1 _ _

insertion

Table 3 Laboratory data adverse events

No. %o Change in grade® after PVS - Days from PVS placement
+1 +2 +3 +4 1 2-7 8-14

Any 98 patients 73.7

Leukopenia 6 ) 4.5 0 4 1 1 1 4 1

Anemia 71 534 . 43 26 2 - 48 15

Thrombocytopenia 12 9 1 7. 2 2 3 6

Hypoalbuminemia 26 19.5 26 - - - 10 6 10

Fibrinogen, decreased 8 6 - 3 4 1 2 4 2

Bilirubin, increased 17 12.8 10 7 - - 9 2 6

ALT, increased 11 8.3 7 4 - - 1 4 6

AST, increased 16 12 10 5 1 - 6 5 5

Creatinine, increased 4 3 4 - - - 1 1 2

Hypernatremia 1 0.8 - - 1 - - - 1

Hyponatremia 6 4.5 - 5 1 - - 2 4

Hyperkalemia 4 3 1 3 - 1 - - 4

Hypokalemia 7 53 - 3 4 - 5 2 -

# Grade was defined according to the National Cancer Institute (NCI)

Common Terminology Criteria for Adverse Events (CTCAE), version 3
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PVS dvsfunction (+ Lhambcr‘pumpmg ‘S'mmhvmspnllmtlm
60 patients (45.1%) =
. 2 Heparin and urokinase injection Symptom palliation
Effective - into PV'S system T 1
Inetfective 18 9
No change
Timg torecutrence 1
NMedian 14 davs e 3305
ateney of PA'S Revision of whole PV'S svstem Symptom palliation
Latency of PAS s et - \
PVS obstructions4 ¢ 1l 2 1
PVS obstruction susp ® 167 N
PV'S patentt 10 Temporary palliation
Unknown 13 = (ssmptom recurred)
1
Addional paracentens
aa : v
22paticnts (16 5 Cut the occluded catheter - =
Tine from PUS insertion . sind r:_'.m rtion L1 Symptom palliation
Median 23davsd- 14 ] 1
Total - :
133 pati __| PVS insertion -
A3 patients Observation
50
No ssmptom
worsening until death
62
PVS dyvsfunction ()
a1 Th 0,
73 patients (54.9%) Mive
S . I
Effective 68
Hneffective . Lost to follow-up

*Shunt occlusion was visualized using shuntography. Dappler ultrasound. and radionuclide imaging.

10

"Shunt occlusion was suspected for the cause of symptom recursence clinically. although shunt occlusion was not visualized,

“Shunt patency was vonfirmed by imnging,

“For the cause of shunt dystunction, one case of librin sheath formation in superior vena cava or subclavian vein and | case

with encasement of peritoneal catheter was suspected.

Fig. 2 Patency and PVS function

characteristics, with additional analysis for the duration of
symptom palliation and survival time. Of these, grade 2 or
higher elevated serum creatinine (P = 0.014) and bloody
ascites (P = 0.045) at baseline were significantly associ-
ated with a shorter duration of palliation (4 weeks or less;
Table 4). Patients with gynecologic tumors had a shorter
duration of symptom palliation than other patients
(P = 0.047), but these included more patients with bloody
ascites (P = 0.018). Patients with gastric cancer had sta-
tistically significantly short survival times (4 weeks or less;
P = 0.046), whereas those with a grade 2 or greater
decrease in serum albumin demonstrated a tendency to
shorter duration of symptom palliation, albeit that this was
not statistically significant (P = 0.053; Table 4).

Discussion

In this study, we investigated experience in a number of
institutions with radiologically inserted Denver PVS in 133
patients with malignant ascites. PVSs were effective in 110
(82.7%) patients with malignant refractory ascites, and the
median duration of symptom palliation was 41 days.
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Technical success was achieved in all patients without any
major procedure-related AEs. These findings are consistent
with previous reports of radiological insertion of PVSs
(62-87.5%), confirming the feasibility and safety of

- radiological insertion of a PVS in patients with refractory
malignant ascites [3, 21-23].

Our findings also confirmed previous results that the
onset of symptom improvements was rapid [22]. Consistent
with this, however, PVS insertion may result in rapid
changes in circulatory dynamics as well as the rapid
introduction of various agents present in ascites into the
circulation. Although causality has not been clarified and a
range of contributing factors may be present, the high rates
of major AEs seen in the present and previous studies [2, 4,
6, 9-11, 15, 19-24] remain important considerations, and
emphasize the importance of pre-procedural evaluation of
general patient status, including cardiac and renal func-
tions, and meticulous postprocedural management for 48 h
to detect DIC or other AEs [1, 4].

The clinical effectiveness rate of PVS placement in our
patients with malignant ascites of 82.7% is comparable to
those of previous reports [1, 2, 4, 8, 12, 19, 23, 25). In our
study, PVS placement was particularly effective for
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Table 4 xi test analysis of preoperative variables and duration of symptom palliation/survival time

Variable N Grade® N (%) Duration of symptom palliation  Pvalue Duration of survival time P value
>4 weeks <4 weeks >4 weeks " <4 weeks
(n = 64) (n = 69) (n=89) (n = 44)
Primary tumor 133
Colorectal cancer 33 (24.8) 21 (32.8) 12‘ (17.4) 0.063 27 (30.3) 6 (13.6) 0.059
Gastric cancer 25(188) 8(12.5) 17 (24.6) 0.117 12 (13.5) 13 (29.5) 0.046
Pancreatic cancer 21 (15.8) 13 (20.3) 8 (11.6) 0.254 17 (19.1) 49.1) 0.216
Liver/bile duct cancer 16 (12) 8 (12.5) 8 (11.6) 1 12 (13.5) 4(9.1) 0.653
Breast cancer 10 (7.5) 6 (9.4) 4 (5.8) 0.651 7(1.9) 3 (6.8) 1
Ovarian cancer 9 (6.8) 3@47) 6(8.7) 0.566 5(5.6) 4 (9.1) 0.701
Gynecologic cancer 12 9) 4(6.3) 8 (11.6) 0.44 7(19) 5(11.4) 0.733
Ascites 133
Clear 71 (534) 32 (50.0) 39 (56.5) 0.562 48 (53.9) 23 (52.3) 1
Bloody 20 (15) 5(7.8) 15 21.7) 0.045° 8 (9 12 (27.3) 0.012°
Chylous 9 (6.8) 7 (10.3) 229 0.134 7 (7.9) 2 (4.5) 0.726
Serous 90 (67.7) 39 (60.9) 51 (73.9) 0.158 56 (62.9) 34 (71.3) 0.142
Mucinous 9(68)  4(63) 5(1.2) 1 6 (6.7) 3 (6.8) 1
Abnormal LD N (n=63) (n =69) (n=88) (n=144)
Leukocytosis 132 >2 3(2.3) 2(32) 1(1.4) 0.936 3(3.4) 0 (0) 0.536
(n = 63) (n = 69) (n = 88) (n = 44)
Anemia 132 >2 72 (54.5) 34 (54) 38 (55.1) 1 48 (54.5) 24 (54.5) 1
>3 17 (129) 10(15.9) 7 (10.1) 0.471 11 (12.5) 6 (13.6) 1
(n = 63) (n=67) (n = 88) (n=42)
Creatinine, increased 130 >1 55 @423) 24 (38.1) 31 (46.3) 0.444 36 (40.9) 19 (45.2) 0.781
>2 17 (13.1) 3 (4.8) 14 (20.9) 0.014° 9(10.2) 8 (19.0) 0.264
(n = 62) (n = 64) (n = 86) (n = 40)
Hyponatremia 126 >1 79 (62.7) 35 (56.5) 44 (68.8) 0.214 53 (61.6) 26 (65) 0.868
>3 24 (19) 11 (17.7) 13 (20.3) 0.888 17 (19.8)  7(175) 0.954
(n = 61) (n = 66) (n = 86) (n =41)
Hypoalbuminemia 127 >2 98 (77.2) 42 (68.9) 56 (84.8) 0.053 63 (73.3) 35 (85.4) 0.196
>3 7 (5.5) 3 (4.9) 4(6.1) 1 5(5.8) 2 (4.9) 1

* Grade was defined according to the National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE), version 3

® P < 0.05 with ? test
LD laboratory data

abdominal distention, although anorexia was not suffi-
ciently palliated. Various pathophysiologic mechanisms
other than ascites may play a role in anorexia, including
effects intrinsic to the tumor itself, gastrointestinal
obstruction, and AEs from the PVS.

Body weight and abdominal girth were significantly
reduced 7 days after PVS insertion, which objectively
demonstrates the efficacy of PVSs. A previous report rec-
ommended measuring body weight and abdominal girth to
evaluate PVS efficacy [9]; however, measurement of
abdominal girth is not particularly reproducible because the
measurement may depend on the observer or position of
the patient, which is sometimes difficult to do in patients at
end of life. The efficacy of PVS should be evaluated based

on subjective changes in symptoms, taking into consider-
ation that PVS insertion is a palliative intervention.

Patients with gastrointestinal malignancies have shorter
life expectancy than those with gynecological malignan-
cies [1, 8-10, 15, 26]. Consistent with this, survival time
in patients with gastric cancer in this study was signifi-
cantly shorter than that for other patients, ‘which was
probably due to the disease itself. Considering that
symptom palliation may improve QOL, the poor prog-
nosis of the primary disease should not be overly
emphasized in evaluating indications for PVS placement.
Our study did not demonstrate improvements in perfor-
mance, status (Fig. 1), which also has been reported pre-
viously [11].
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Shunt dysfunction, a frequent AE in previous studies,
was observed in 45.1% of our patients [2, 6, 9, 13, 15, 19,
23, 25]. Causes of shunt dysfunction include mechanical
obstruction, such as a kink in the catheter, venous throm-
bosis in the subclavian or central vein, and a fibrin sheath
around the catheter [2, 4, 5, 8, 15, 20, 23, 24]. These causes
are sometimes revealed by imaging using ultrasonography,
shuntography, or contrast-enhanced computed tomography
[20, 23], and function often can be recovered by additional

- minimally invasive intervention. Imaging procedures to
determine the cause of shunt dysfunction should be
undertaken.

In our study, abnormalities in coagulation without clin-
ical symptoms (subclinical DIC) after PVS insertion were
seen in 37 (27.8%) patients, and only 7 patients (5.3%)
developed clinical DIC. These results are comparable to
previous studies [1-4, 7, 10-12, 15, 19]. The reported
incidence of clinical DIC varies, ranging from 0-33%, and
the relevant coagulopathy has not been identified [1, 3, 9—
12, 21, 22, 24]. The detection of clinical DIC after PVS
placement using laboratory data only appears to be difficult.

Decreases in serum creatinine and BUN levels were seen
in the postoperative period. Possible reasons include
increases in circulatory blood volume and renal blood flow,
which result in increased urine volume [14]. The progression
of anemia after PVS insertion may be due to the inflow of
ascites into the circulatory system, with resulting transient
dilution of blood cells [4, 7, 11, 14]. Severe AEs, such as
DIC and GI bleeding, which may occur after PVS insertion
[5, 19, 21, 22], should be considered in these patients.

In the subgroup analysis, we found that renal dysfunc-
tion was associated with a short duration of symptom
palliation. Furthermore, acute renal failure was a cause of
early postprocedural death. Bieligk et al. [9] reported that
preoperative renal function is predictive of prognosis after
PVS insertion. These findings highlight the importance of
assessing renal function before PVS placement. In partic-
ular, careful consideration should be given to determining
the placement in patients with insufficient urine volume,
who may be unable to tolerate the rapid increase in plasma
volume immediately after PVS insertion [7-9, 15].

A low preoperative serum albumin level was associated
with a short duration of symptom palliation. A possible
explanation is that the low colloid osmotic pressure of this
condition may lead to extravascular transudation of water
and impaired production of a sufficient urine volume in
response to increased circulatory blood volume after PVS,
resulting in unsatisfactory reduction in ascites volume.

Other prognostic factors associated with a short duration
of symptom palliation included bloody ascites, gynecologic
primary tumor, and a high white blood cell (WBC) count
before PVS placement. Bloody ascites is known to be an
unfavorable factor and probably results from thrombosis in

@_ Springer

the PVS system [1, 15). Gynecological malignancies tend to
have a short palliation period, and most of the patients with
gynecological malignancies in this study had bloody ascites.

Several limitations of the study warrant mention. First,
given its retrospective case series design, evaluation of
AEs, duration of symptom palliation, and survival time
may have been biased. Furthermore, because it was a
multicenter study, the methods used to evaluate these
variables were likely not uniform. Unlike previous studies,
our study consisted of a large number of patients from
multiple institutions; particularly given the difficulty of
prospective evaluation of palliative treatment for terminal
patients, the present study may provide helpful information
for clinical decision making in PVS placement for patients
with refractory malignant ascites. Second, the appropri-
ateness of the timing of our evaluation of PVS efficacy, at
7 days after the procedure, is uncertain. Additionally, if
ascites was removed with PVS insertion, it can palliate
symptoms separately from an effect of the PVS. The var-
ious studies on PVS for malignant ascites conducted to date
did not establish a definite postprocedural period for
evaluation but were rather limited to survival time and
shunt dysfunction rate or shunt patency time [3, 5, 6, 9-12,
14, 15, 19-24]. Although no consensus on how to evaluate
PVS efficacy has been established, our procedure of
determining efficacy 7 days after PVS insertion is reason-
able, given that survival time in patients with malignant
ascites is limited. In addition, patients with advanced
malignancies may deteriorate rapidly, due to the primary
disease and other pathophysiologies (e.g., bowel obstruc-
tion, renal dysfunction) further confounding evaluation.
This difficulty highlights the current lack of knowledge on
assessing outcomes in end-of-life decision making and
underscores the need for further study on this area.

In conclusion, the present study suggests that radiolog-
ical PVS insertion is technically feasible and yields an
adequate rate of symptom palliation in patients with .
symptomatic refractory ascites. Although shunt dysfunc-
tion is a frequent AE, recovery of function may be obtained
with appropriate additional interventions. Because changes
in laboratory data, including subclinical DIC, and cardiac
dysfunction or other nonhematologic AEs may occur after
PVS insertion, preoperative evaluation of cardiac and renal
function and postoperative management ‘of systemic con-
ditions are essential to preclude severe AEs after PVS.

Conflict of interest The authors declare that they have no conflict
of interest.
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See Table 5.
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Table 5 Five Japanese institutions enrolled in this study

Institution No. of enrolled %
patients (N = 133)

Aichi Cancer Center Hospital and 29 21.8°
Research Institute .

Iwate Medical University Hospital 23 17.3

The Cancer Institute Hospital of Japanese 20 15
Foundation for Cancer Research

National Cancer Center 26 19.5

Shizuoka Cancer Center 35 26.3
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Hepatic Arterial Infusion of 5-Fluorouracil
for Patients With Liver Metastases From

Colorectal Cancer Refractory to Standard Systemic

Chemotherapy: A Multicenter, Retrospective Analysis
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Abstract

Introduction: This retrospective study evaluated the safety and efficacy of hepatic arterial infusion chemotherapy (HAIC)
with 5-fluorouracil (5-FU) for patients with liver métasta'ses from colorectal cancer refractory to standard systemic chemo-
therapy. Patients and Methods: Fifty-five patients who had shown disease progression during the prior standard sys-
temic chemotherapy with oxaliplatin, irinotecan, and 5-FU were enrolled. The treatment was weekly HAIC with 5-FU 1000
mg/m2/5 hours through an indwelling catheter-port system. Results: No major adverse reaction was observed other than
grade 3 leukocytopenia (3.6%)'and hyperbilirubinemia (1.8%). The overall responise rate and disease control rate were
18.2% and 70.9%, respectively. The median progression-free survival and median overall survival (OS) were 2.8 months,
and 6.7 months, respectively. The initial sites of disease progression were liver in 14, other than liver in 27, and both in 6.
Multivariate analysis identified Eastern Cooperative Oncology Group (ECOG) performance status (PS) < 1 and number of

extrahepatic metastatic sites (NMS) < 1 as favorable prognostic factors for OS (hazard ratio [HR], 8.277; 95% Cl, 3.60- ‘

19.0; P =.000 for ECOG PS; and HR, 2.456; 95% Cl, 1.30-4.61; P = .005 for NMS). Conclusion: HAIC with 5-FU may be
a safe and effective treatment for patients with colorectal liver metastases refractory to standard systemic chemotherapy.

Cll:nical Colorectal Cancer, Vol. 9, No. 5, 305-310, 2010; DOI: 10.3816/CCC.2010.n.044
Keywords: 5-FU, Alkaline phosphatase, Prognostic factor, Third-line chemotherapy

introduction

Colorectal cancer (CRC) is one of the most common cancers
worldwide and remains a major cause of cancer-related deaths. For
advanced CRC, irinotecan and oxaliplatin are widely used in both
first-line and second-line treatments, in combination with 5-fluo-
rouracil (5-FU) and leucovorin (LV). This approach has yielded
improvements in response rates and survival.12 The treatment
options for disease refractory to these standard treatments are lim-
ited, although cetuximab benefits some patients during third-line
chemotherapy.34 In clinical practice, novel approaches need to be
developed and established to improve prognoses further.
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About half of CRC patients develop liver metastases during the
course of their disease. Moreover, more than half of the patients
who die of CRC manifest liver metastases at autopsy, and the
majority of these patients die of liver failure.5 Several random-
ized studies showed that hepatic arterial infusion chemotherapy
(HAIC) during first-line therapy is associated with a higher tumor
response rate, but not significantly prolonged survival.6-8 On the
other hand, positive data are also available for the effects of HAIC
on survival. Kemeny et al reported on the advantages of HAIC in a
well-designed randomized study. Unfortunately, they did not use
irinotecan and oxaliplatin, key drugs in standard systemic chemo-
therapy, as the initial treatment in their systemic group. Thus, it
remains to be proven that hepatic arterial therapy results in longer
survival compared with recent standard systemic chemotherapy.
However, because the direct infusion of antitumor agents into
tumors at a higher concentration than with systemic chemotherapy
using HAIC can enhance antitumor effects and reduce toxicity,
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Hepatic Arterial Infusion of 5-FU for Liver Metastases

HAIC may be effective for patients with liver metastases from
CRC refractory to standard systemic chemotherapy. Therefore, we
conducted a multicenter, retrospective study to evaluate the efficacy
and tolerability of HAIC with 5-FU and to analyze prognostic fac-
tors in these patients.

Patients and Methods
Patient Selection

Four participating centers in Japan provided the data of 55 pa-
tients with liver metastases from CRC treated with HAIC and 5-FU
berween April 2005 and March 2008. All selected patients fulfilled
the criteria of (1) histologically confirmed colorectal adenocarci-
noma, (2) predominant disease with liver metastases, (3) previous
exposure to and failure of the 3 drugs oxaliplatin, irinotecan, and
5-FU, (4) an Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) < 3, (5) adequate bone marrow and renal/he-
patic function, and (6) the performance of HAIC with single-agent
5-FU. This study received the approval of the Institutional Review
Board at the center that required it.

Treatment

Under local anesthesia, an indwelling catheter with a sidehole
was inserted from the left subclavian artery or right femoral artery.
The catheter tip was inserted into the gastroduodenal artery and
fixed to the vascular wall by metallic coils and a mixture of n-butyl
cyanoacrylate (NBCA) and iodized oil, and the sidehole was placed
within the common hepatic artery. The proximal end of the cath-
eter was connected to an implanted port and embedded subcutane-
ously. When an aberrant hepatic artery was found, hepatic arterial
blood flow was redistributed, using coils to convert multiple hepatic
arteries to a single arterial blood supply. If necessary, extrahepatic

arterial branches arising from the hepatic artery and parasitic arter-

ies with heparopetal blood flow were also occluded, using coils and
a mixture of NBCA and iodized oil. The appropriate drug distribu-
tion through the indwelling catheter was confirmed according to
computed tomography (CT) via the injection of contrast material
through the implanted port before the initiation of therapy.10-12

As teatment, 5-FU (1000 mg/m?) was administered via con-
tinuous 5-hour infusion once a week, using a continuous-infusion
device.!> Trearment was repeated weekly until the appearance
of unacceptable toxicity, the progression of hepatic lesions, or a
marked enlargement of extrahepatic lesions.

Evaluation

During treatment, a blood cell count and liver function tests
were performed every week. Intravenous contrast-enhanced CT
and CT arteriography via the implanted port were performed
every 1-2 months. Toxicities were graded according to the Com-
mon Toxicity Criteria for Adverse Events, version 3.0, and the
responses limited to a liver metastasis were evaluated regardless of
the disease outside the liver. A sum of the longest diameters for all
target legions of liver metastasis was compared with thar before
treatment. Hepatic response was classified as a partial when a 30%
or more reduction in the sum without new lesions in the liver was
obtzined, and as progressive when a 20% or greater enlargement
or new lesions in the liver was evident. Otherwise, hepatic disease
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was classified as stable. Hepatic progression-free survival (H-PFS)
was defined as the date from the initiation of HAIC to the date of
hepatic progression or death from any cause.

Overall survival (OS) was calculated from the date of initiating
HAIC to death, and was censored on the date of the last follow-up
of a surviving patient. Overall progression-free survival (PFS) was
defined as the time from initiating HAIC to the documented pro-
gression of disease at any site or to date of death from any cause,
according to the Response Evaluation Criteria for Solid Tumors.

Statistical Analysis

Statistical analyses were conducted using Dr. SPSS II, version
11.0.1J (SPSS, Inc.; Chicago, IL). The OS, PFS, and H-PFS were es-
timated using the Kaplan-Meier method, and 95% confidence inter-
vals (Cls) were provided for proportions. Univariate and multivariate
Cox regtession analyses were performed to assess factors prognostic
of OS, including age, ECOG PS, number of extrahepatic metastatic
sites, location of primary site, history of primary resection, synchron-
icity or metachronicity of a liver metastasis, number of previous regi-
mens, and data from clinical laboratory tests (eg, alkaline phosphatase
[ALP], carcinoembryonic antigen [CEA], and white blood cell count
[WBC]). Multivariate analysis was undertaken for variables demon-
strating P < .10 after univariate analysis, and P < .05 was considered
statistically significant. The relationships between H-PFS and OS
were analyzed using simple linear regression. Multiple correlation
coefficients (r) were calculated to draw regression lines.

Results
Patient Characteristics

The baseline characteristics of the 55 patients in this study are
summarized in Table 1. The median age was 62 years (range, 30-78
years). Thirteen patients (23.6%) demonstrated an ECOG PS of 2 or
3. Thirty-six patients (65.5%) had synchronous hepatic metastases,
and 45 (81.8%) had extrahepatic disease. The median baseline ALP,
CEA, and WBC values were 781 TU/L (range, 228-3916 IU/L),
808 ng/mL (range, 9-36,787 ng/mL), and 7020/mm? (range,
2090-21,100/mm?2), respectively. Twenty-four patients (43.6%) had
previously received 3 or more regimens. All patients had received
oxaliplatin, irinotecan, and 5-FU, and these agents had proven in-
effective. All patients had received FOLFOX (5-FU plus LV with
oxaliplatin), 44 patients had received FOLFIRI (5-FU plus LV with
irinotecan), and 5 patients had received irinotecan alone, 5 patients
had received a 5-FU bolus plus IV with irinotecan, and 1 patient had
received a combination of irinotecan and $-1.

Treatment Course

A catheter-port system was implanted successfully in all patients.
The routes of catheter insertion included the left subclavian artery in
41 patients and the right femoral artery in 14 patients. The median
number of hepatic arterial infusion courses was 12 (range, 1-58
courses), and the median duration of treatment was 3.3 months
(range, 0.3-17.2 months). During the treatment period, abnormali-
ties of drug distribution to the liver were observed via follow-up CT
arteriography in seven patients (12.7%). The development of a col-
lateral blood supply to the liver (inferior phrenic artery in 5 patients,
gastroduodenal artery in 2 patients, adrenal artery in 1 patient, and




Table 1’ Patient Characteristics

Sex (Wale/Female) 32
Age, Years (< 60/> 60) 23/32
PS (ECOB) (0/1/2/3) 24/18/9/4
. Extrahepatic Metastatic Site (0/1/> 2) 10/24/21
Primary Site (Colon/Rectum) 3421
Primary Resection (Noﬂes) 12/43
Liver Melasiasas (Metachronous/Synchronous) 19/36
Number of Previb&s Regimens (2/> 3) 31/24
Previous Therapy Using FOLFOX 55
:‘Frgmgf/ Ih.“(‘aer:;y Using Regimen Containing Irinotecan 55 (11/44)
Baseline ALP, IU/L (< 300/> 300) 6/49
Baseline CEA, ng/mL (< 50/> 50) 7/48
Baseline WBC, /mm? (< 10,000/> 10,000) 4213

Abbreviations: ALP = alkaline phosphatase; CEA = carcinoembryonic antigen; ECOG = Eastern
Cooperative Oncology Group; FOLFIRI = 5-fluorouracil/leucovorinvirinotecan; FOLFOX =
5-fluorouraciVieucovorin/oxaliplatin; PS = performance status; WBC = white blood cell

Table 2 - Adverse Events

Leukooytopenia | ¢ 206
Thrombocytopenia 1(1.8) 0
Nausea 1(1.8) 0
Stomatitis 1(1.8) 0
Hyperbilirubinemia 0 1(1.8)

PR 10(18.2)
SsD 29 (52.7)
:mcoml (Complete l!esponse + 39.009)
esponse + Stable Disease)
PD 10(18.2)
Not Evaluable 6(10.9)
Survival, Months (95% CI)
PFS 2.8(2.0-36)
H-PFS 46(2.8-6.3)
0s 6.7 (4.8-8.5)

Abbreviations: CR = complete response; H-PFS = hepatic progression-free survival; 0S =
overall survival; PD = progressive disease; PFS = progression-free survival; PR = partial
response; SD = stable disease

replaced left hepatic artery in 1 patient) was detected, and these
collateral vessels were embolized using interventional radiology tech-
niques in all of these patients, and HAIC was then continued. In 4
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patients (7.3%), HAIC was terminated because of hepatic arterial
occlusion 1.2-8.5 months after initiating treatment. Two of these
patients underwent HAIC with mitomycin C from a collateral artery,
and 1 underwent systemic chemotherapy (FOLFOX plus bevaci-
zumab) as subsequent therapy. The remaining 2 patients underwent
no subsequent anticancer therapy.

Toxicity

Toxicities related to HAIC are listed in Table 2. No life-threatening
toxicity was evident. Hemarologic toxicities were generally mild, with
grade 3 leukocytopenia in 2 patients (3.6%) and grade 2 thrombo-
cytopenia in 1 patient (1.8%). Nonhematologic toxicities were also
mild, with grade 3 hyperbilirubinemia in 1 patient (1.8%) and grade
1 nausea and stomaritis in 1 patient each (1.8%).

Efficacy
The hepatic tumor response is listed in Table 3. Six of 55 patients
(10.9%) could not be evaluated because they died within 1 month
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Age (< 60 Years/> 60 Years) | oa
PS (0 or1/22) ' ' 7.943
Number of Extrahepatic Metastatic Sites (0 or 1/22) | 2502
Primary Site (Rectum or Colon) ' - 0627
ﬁri'ma‘ry Rmchon (No or Yes) 1129
Hepatic Metastasis, Synchronous (No or Yes) 0657
Number of Previous Regimen's (2/23) . 088
ALP, IU/L (< 300/> 300) _ 1232
CEA, ng/mL (5 50/> 50) L e e
WBC, /mm? (10,000/> 10,000) 1.201

Table 4 'Prognostic Factors ‘ ‘ Wit

0411, 33 - &
348181 000 8.277 3.60-19.0 000
1.39-4.82 003 2.456° 130461 | 005
0.34-1.13 126 - - -
0.56-227 | . 734 - - -
0.36-1.18 165 - - -
0.49-155 861 - - %
0.52-2.91 635 - - -
0.88-5.83 . 086 1.857 0.71-4.86 ©.207
0.65-2.54 46 - - -

Abbreviations: ALP = alkaline phosphatase; CEA = carcinoembryonic antigen; ECOG = Eastem Cooperative Oncology Group; PS = performance status; WBC = white blood cell

after initiating HAIC and had undergone no follow-up CT. No
patients manifested the disappearance of a liver metastasis, and
10 patients demonstrated a hepatic partial response, resulting in a
hepatic response rate of 18.2%. In addition, 29 patients had stable
disease, resulting in a hepatic disease control rate of 70.9%. Ten
(18.2%) exhibited hepatic progressive disease.

Afteramedian follow-up of 6.1 months (range, 0.5-27.5 months), 53 .

patients had experienced progressive disease or died, and the remaining
2 patients continued their HAIC without progression for 11.3 and 17.2
months. The median overall PFS and H-PFS were 2.8 months (95% CI,
2.0-3.6 montlis) and 4.6 months (95% ClI, 2.8-6.3 months), respective-
ly (Figure 1). The initial sites of disease progression in these 47 patients
included the liver in 14, sites other than the liver in 27, and both in 6.
The median OS was 6.7 months (95% CI, 5.0-8.3 months; Figure 1).

Correlation Between Hepatic Progression-Free Survival
and Overall Survival

Among the 47 patients who died or whose disease progressed, the
relationship between OS and H-PFS, as assessed by a simple linear
regression analysis, yielded a multiple correlation coefficient (#2) of
0.54. The formula for the resulting regression line was y = 1.19x +
1.54 (Figure 2).

Prognostic Factors v

A univariate analysis of OS showed that ECOG PS, number
of extrahepatic metastatic sites, and serum CEA level significantly
affected patients’ prognoses. The results of Cox regression analyses
of various prognostic factors are given in Table 4. A multivariate
analysis revealed that ECOG PS and the number of extrahepatic
metastatic sites were independent prognostic factors (hazard ratio
[HR], 8.277; 95% CI, 3.60-19.0; and P = .000 for ECOG PS;
and HR, 2.456; 95% CI, 1.30-4.61; and P = .005 for number of
extrahepatic merastatic sites).

Discussion
Systemic chemotherapy for advanced CRC has improved con-
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siderably in recent years. The combination of infusional 5-FU and
LV with oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) is consid-
ered standard therapy during first-line treatment, with a crossover
to irinotecan-containing or oxaliplatin-containing second-line
regimens.}»2.14 The use of all 3 active drugs reportedly contributes
to prolonged survival.2 In addition, the systemic administration
of new targeted agents such as bevacizumab and cetuximab has
brought further increases in antitumor activiry.15-17

Despite these recent advances, the clinical courses of patients
after the failure of 5-FU, oxaliplatin, and irinotecan are not satisfac-
tory.1819 Before the approval of cetuximab in Japan, a dihydropy-
rimidine dehydrogenase—inhibitory oral fluoropyrimidine, known as
S-1 was a treatment option for patients with CRC refractory to these
3 key drugs. However, S-1 produced no objective response and a me-
dian OS of only 4.8 months.2? In dinical trials, monotherapy with
cenuximab yielded a survival benefit with a response rate of 10.8%
and a median OS of 6.9 months over best supportive care with a
median OS of 4.6 months, and cetuximab combined with irinotecan
produced a favorable response of 20% and a median OS of around
10 months.45:2122 To the best of this author’s knowledge, no reports
have described HAIC with 5-FU for advanced CRC refractory to the
above 3 cytotoxic agents. This study demonstrated that the hepatic
response rate for HAIC with 5-FU was 18.2%, and the median OS
was 6.7 months. These results seem compatible with those of ce-
tuximab alone, which is a standard therapy after 5-FU, oxaliplatin,
and irinotecan have failed. Furthermore, HAIC could be placed in
a fourth-line regimen after the failure of cetuximab for patients with
predominantly liver metastases.

Some studies reported that the level of ALP is a useful prognostic
factor in patients with metastatic CRC.23:24 The present results
suggest that the prognosis of patients with hepatic dysfunction
because of liver metastases may be poor. In this study, 89.1% of the
patients had high levels of ALP (= 300 U/L). All manifested un-
controlled liver metastases that had been considered the prognosis-
limiting factor. In addition, 23.6% of the patients had an ECOG
PS 2 2, and 43.6% had previously received 3 or more regimens of



systemic chemotherapy. Despite these poor patient baseline charac-
teristics, HAIC demonstrated a survival value compatible with that
of cetuximab alone.

To determine the indications for HAIC, especially in patients
with extrahepatic disease, is very difficult. Kemeny et al reported
that if extrahepatic metastases were absent, some patients with
extensive hepatic metastases previously treated by systemic che-
motherapy became resectable with combined therapy using HAIC
and systemic chemotherapy.25 However, combined systemic che-
motherapy with 5-FU, oxaliplatin, and irinotecan is usually used
as first-line treatment, and thus many patients with both extensive
hepatic metastases and extrahepatic merastases have already been
treated with these drugs. The methods of treating such patients thus
remain an unresolved issue. In the present study, although 81.8%
of the patients also had metastases at extrahepatic sites, HAIC was
administered because the heparic lesion was considered to be the
prognosis-limiting factor. The correlation between H-PFS and OS
in this study suggests that the control of liver metastases, even in
patients with extrahepatic disease, may be important in prolong-
ing OS. On the other hand, a multivariate analysis indicated that
patients with > 2 extrahepatic merastatic sites had a significantly
poorer prognosis, with 2 median OS of only 4.8 months. These
results suggest that the indications for HAIC should be limited by
the extent of extrahepatic metastases.

Recently, some clinical studies of HAIC combined with systemic
chemotherapy were conducted, and ‘demonstrated remarkable
efficacy.2627 Gallagher et al reported that HAIC plus systemic
irinotecan showed promising results in patients with colorectal
liver metastases previously treated with systemic oxaliplatin, result-
ing in a response rate of 44% and MST of 20 months.28 In the
present study, patients had been refractory to both oxaliplatin and
irinotecan and were therefore treated with HAIC alone. In terms
of further investigation, HAIC combined with molecular targeted
agents could be undertaken.

In third-line and subsequent treatments, clinicians should be
especially vigilant regarding adverse effects, because these patients
often manifest complications, with various symproms attributable
to their disease and the toxicities of previous therapy. Reportedly,
10%-42% of patients develop grade 3-4 toxicities during third-line
systemic chemotherapy.45:18-22 In contrast, in this study, grade 3

" toxicities were evident in only 5.5% of patients. Therefore, HAIC
may be feasible in heavily pretreated patients, if indicated.

Conclusion

In conclusion, our multicenter, retrospective study demonstrated
that HAIC with 5-FU may benefit patients with liver metastases
from CRC refractory to standard systemic chemotherapy. Patients
with a good PS and limited extrahepatic metastases seem to be op-
timal candidates for this therapy. This study was clearly limited by
its small number of patients and retrospective design. The role of
HAIC in patients previously treated using standard, systemic che-
motherapy should thus be evaluated in a prospective clinical trial.
However, no reports, to the best of this author's knowledge, have
described HAIC in this situation, and thus the present results offer
background dara for future trials. A large-scale, prospective study
is required o clarify the clinical benefits of HAIC in this setting.

Hideyuki Nishiofuku et al
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Abstract

Purpose This study was designed to evaluate the effect of
transcatheter arterial chemoembolization (TACE)/emboli-
zation (TAE) for symptomatic bone metastases especially
in palliation.

Methods Between April 2006 and December 2009, 24
bone metastatic lesions of 18 patients (8§ women and 10
men; mean age, 64 years) underwent palliative TACE or
TAE. A total of 40 sessions were performed, with 1-4
sessions per lesion. The primary lesions included hepato-
cellular carcinoma, colorectal cancer, renal cell cancer,
ovarian cancer, thyroid cancer, uterine cervical cancer, and
esophageal cancer. Symptomatic lesions involved thoracic
spine, lumbar spine, pelvis, rib, and femur. The procedures
were performed with a coaxial catheter technique to cath-
eterize selectively target arteries. If not possible due to
small branches, blood flow alteration by coil was achieved.
Gelatin sponge was the initial embolic materials. As anti-
cancer agents, epirubicin, fluorouracil, and mitomycin were
mainly used in consideration for primary lesion and past
treatment.

Results  Sufficient devascularization of targeted lesions
was obtained in 18 of 24 (75%) lesions without any serious
complication. Pain relief was obtained in 20 lesions (83%),
with significantly decrease in the visual analogue scale score
(P < 0.001). A relationship was found between the devas-
cularization grade and pain relief (r = 0.49, P < 0.05).
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Follow-up CT images at 1 month of nine lesions (50%)
revealed necrotic change in the tumors.

Conclusions Palliative TACE/TAE for symptomatic bone
metastases could be a suitable treatment method because it
is minimally invasive, repeatable, effective, and rapid-
acting. '

Keywords Bone metastases - Transcatheter arterial
chemoembolization - Transcatheter arterial embolization -
Blood flow alteration - Pain relief - Devascularization

Introduction

Metastatic bone tumors are a major cause of morbidity,
resulting in pain, decreased mobility, and pathologic frac-
ture [1-3]. Treatments for bone metastasis include surgery,
radiation therapy, radiofrequency ablation (RFA), trans-
catheter arterial chemoembolization (TACE), transcatheter
arterial embolization (TAE), cement augmentation proce-
dures, such as percutaneous vertebroplasty and kyphopl-
asty, strontium-89, systemic chemotherapy or hormonal
therapy as well as bisphosphonates. The choice of the
treatment usually depends on the localization, number, and
size of the metastatic lesions. In addition, it is likely to
change by the condition of the patient, the stage of disease,
and the situation of facilities.

TAE of metastatic bone tumors has a broad range of
indications, from curative treatment to palliation. Above
all, preoperative TAE has been widely accepted to reduce
bleeding during surgery [2-4]. However, curative or pal-
liative TACE/TAE has not been established yet. Although
a few literatures were published about palliative TAE
[5-7], no large series has been investigated the clinical
outcomes or described current technical aspects.

@_ Springer
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Compared with radiation therapy with dose limitation,
TAE is possible for additional treatment when necessary.
In addition, compared with surgery, TAE is minimally
invasive and can enter the therapeutic choice for multifocal
pain due to multiple bone metastases. Thus, if the safety
and the effectiveness of TAE are guaranteed, it is necessary
to give priority to curative or palliative TAE as choices of
the bone metastasis treatment. The purpose of this study
was to evaluate the effect of TACE/TAE for symptomatic
bone metastases, especially in palliation.

Materials and Methods

This single-center, retrospective study received our insti-
tutional ethical review board. All patients gave a written,
informed consent. Between April 2006 and December
2009, 24 bone metastatic lesions of 18 patients (8 women
and 10 men; mean age, 64 (range, 45-84) years underwent
TACE or TAE as a palliative treatment. The primary
lesions included hepatocellular carcinoma (HCC) in seven,
colorectal cancer in three, renal cell cancer (RCC) in three,
ovarian cancer in two, and thyroid cancer, uterine cervical
cancer, esophageal cancer in one patient each. In patients
with multiple metastatic lesions, not all lesions but only the
lesions with analgesic-resistant pain (n = 24) and neuro-
logic deficit (n = 11) were targeted. Symptomatic lesions
involved thoracic spine in 11, lumbar spine in 3, pelvis in
8, and rib and femur in 1 each.

Each lesion showed hypervascular in the preprocedual
contrast-enhanced CT images and was a candidate for
TACE/TAE. The indications of TAE or TACE were
postradiation in 11, emergency because of progressive
neurologic deficit in 4, and anticipation of radiation therapy
in 9. Of the 11 lesions with postradiation, the period from
radiation therapy to TACE was for an average of 19 months
(range, 1 month to 9 years). Table | summarized the
patients’ characters.

The procedures were performed from a common femo-
ral approach. A diagnostic arteriogram defined the arterial
anatomy of the region. A 4-Fr catheter was used in con-
junction with a coaxially placed 2.0- to 2.2-Fr microcath-
eter to selectively catheterize target arteries supplying
meétastases. When a portion of the lesion’s blood supply
originated from small branches that could not be selec-
tively catheterized, to avoid TACE in nontarget region,
such as skin and muscles, blood flow alteration was
achieved by coil embolization at distal side of the arteries
beforehand (Figs. 1, 2).

The tafgct arteries were internal iliac a., intercostal a.,
lumbar a., iliolumbar a., lateral sacral a., superior gluteal a.,

median sacrai a., inferior epigastric a., intcinal mammary -
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a., thyrocervical trunk, and lateral and medial circumflex
femoral a.

Basically, anti-cancer agents were scheduled to be used
for TAE/TACE. As a key drug, epirubicin was chosen for

* the lesions from HCC and esophageal ca, and both fluo-

rouracil and mitomycin were chosen for the Jesions from
colorectal ca, ovarian ca, and uterine cervical ca. The total
dose divided into the different arteries feeding the metas-
tasis according to the volume of the tumor bed. TAE, just
embolized without anti-cancer agent, was performed for
the lesions from renal cell carcinoma or thyroid cancer in
which there is generally no effective agent. Furthermore,
anti-cancer agent was not used in the case that had the
bone-marrow suppression.

As the initial embolic materials, gelatin sponge particles
with sizes of 1-mm sliced by hand were used in each case.
Additional coil embolization was performed in 11 lesions
that seemed to be difficult to repeat TACE/TAE because of
the poor general condition. N-butyl cyanoacrylate (NBCA)
was used secondarily in three procedures of two cases in
state with coagulation abnormality. The goal of emboli-
zation was the disappearance of tumor stain or stagnation
of the target artery’s flow. ‘

TAE or TACE was repeated on an as-needed basis. A
total of 40 sessions were performed, with 14 sessions per
lesion.

Evaluate items in this study were as follows: technical
success, complications, pain relief, improvement of neu-
rological deficits, and early tumor response at 1 month of
CT images.

Technical success reflected immediate results and ‘was
typically evaluated with completion angiography. Each
lesion was angiographically categorized on the basis of
devascularization grade, as in previous studies [2, 4]. Grade
1 was >75% reduction of tumor blush; grade 2, 50-75%
reduction of tumor blush; and grade 3, <50% reduction of
tumor blush. Complications of treatment were categorized
on the basis of the Society of Interventional Radiology [8].

The degree of pain was assessed as follows. Fifteen
lesions were assessed by the visual analogue scale (VAS)
score at 1 day before TACE and at 1-7 days after TACE.
The best score of the 7 days was used as the score of
postprocedure. Remaining nine lesions in which the VAS
scores were not available were assessed by the subjective
reports of pain. In addition, the use of analgesics also was
assessed. Complete pain relief was defined as the complete
freedom from pain without analgesics. Partial relief was
defined as the status with improved pain, but still analgesic
need. No relief was defined as the status with unchanged
pain or progressive pain. The time to pain relief also was
recorded.

Differences in' the VAS score of preprocedure and
postprocedure were analyzed by two-sided Wilcoxon’s



