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A B 8§ T R A C T

Purpose
We conducted a phase | study of a 30-minute hepatic artery infusion of melphalan via a

percutaneously placed catheter and hepatic venous hemofiltration using a double balloon
catheter positioned in the retrohepatic inferior vena cava to shunt hepatic venous effluent
through an activated charcoal filter and then to the systemic circulation. The purpose of the
study was to demonstrate feasibility in an initial cohort and subsequently determine the
maximum tolerated dose and dose-limiting toxicity of melphalan.

Patients and Methods

The initial cohort (n = 12) was treated with 2.0 mg/kg of melphalan before dose escalation to
3.5 mg/kg (n = 16). Total hepatic drug delivery, systemic levels, and percent filter efficiency were
determined. Patients were assessed for hepatic and systemic toxicity and response.

Results
A total of 74 treatments were administered to 28 patients. Twelve patients with primary

and metastatic hepatic tumors received 30 treatments (mean, 2.5 per patient) at an initial
melphalan dose of 2.0 mg/kg. At 3.5 mg/kg, a dose-limiting toxicity (neutropenia and/or
thrombocytopenia) was observed in two of six patients. Transient grade 3/4 hepatic and systemic
toxicity was seen after 19% and 66% of treatments, respectively. An overall radiographic
response rate of 30% was observed in treated patients. In the 10 patients with ocular melanoma,
a 50% overall response rate was observed, including two complete responses.

Conclusion

Delivery of melphalan via this system is feasible, with limited, manageable toxicity and
evidence of substantial antitumor activity; 3 mg/kg is the maximum safe tolerated dose of
melphalan administered via this technique.

J Clin Oncol 23:3465-3474. © 2005 by American Society of Clinical Oncology

fourth of the 140,000 annual new cases of
colorectal cancer diagnosed annually in the
United States, and the majority of these pa-
tients will have unresectable disease. For

Unresectable hepatic metastases from solid
organ malignancies represent a significant

therapeutic challenge in oncology. For pa-
tients with colorectal adenocarcinoma, ocu-
lar melanoma, and neuroendocrine tumors,
liver metastases frequently represent the sole
or predominant site of disease progression.
Hepatic metastases will develop in up to one

these patients, systemic and hepatic arterial
chemotherapy results in median survivals
ranging from 12 to 24 months.> For pa-
tients with metastatic ocular melanoma who
recur, 70% to 90% will develop disease con-
fined to the liver that is multifocal and not
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amenable to surgical resection.* Median survival in this
group of patients is less than 1 year, and systemic and
regional chemotherapy or ablative techniques do not seem
to meaningfully impact the natural history of the disease.”®
Although tumor progression may be indolent, patients with
hepatic metastases from neuroendocrine tumors often suf-
fer the sequellae of hormonally active metastases, and strat-
egies for effective palliation of extensive disease are needed.”

The liver has a unique anatomy that provides an op-
portunity to deliver regional therapy. Established hepatic
metastases derive the majority of their blood supply from
the hepatic artery, and hepatic arterial infusion of agents
with high hepatic clearance during the “first pass” through
the hepatic parenchyma allows infusion of high doses of
chemotherapy to the diseased organ.® Such a strategy is
limited to agents with a high first pass effect, which limits
the types of agents suitable for hepatic artery infusion.

Regional hepatic arterial delivery of high-dose melpha-
lan had been demonstrated to be safe and have efficacy
against a variety of tumor histologies confined to the liver,
when administered via operative isolated hepatic perfusion
(IHP).>'° THP is a regional delivery strategy in which com-
plete hepatic vascular inflow and outflow is obtained and
the liver perfused via a closed circuit extracorporeal circuit
incorporating a roller pump, heat exchanger, and oxygen-
ator.!! Over the last decade, THP trials performed at our
institution and others using melphalan have demonstrated
response rates of 60% to 70% in patients with varied histol-
ogies. The major disadvantages of this approach are that
only a single treatment can be applied and it requires an
open surgical procedure with associated morbidity.

Two centers have previously evaluated a regional ther-
apy system for unresectable hepatic malignancies in which
fluorouracil or doxorubicin were administered via the he-
paticartery and the venous effluent of the liver was collected
and filtered using percutaneously placed catheters.'*'* The
advantages of this approach are that treatment can be deliv-
ered without a major operative procedure, and filtration of
the hepatic venous effluent can reduce system exposure of
cytotoxic chemotherapy by 80% to 90% compared with
hepatic artery infusion alone. In clinical trials conducted
during the last 12 years, 33 patients underwent a total of 77
treatments with dose escalation of doxorubicin from 50 to
120 mg/m>. The systemic exposure of doxorubicin was
substantially reduced using hepatic venous hemofiltration;
however, because antitumor efficacy was not well estab-
lished, the technique did not gain widespread application.
Because melphalan, a small akylating agent, has shown an-
titumor activity against various tumor histologies when
administered via IHP, we conducted a phase I study of
percutaneous hepatic perfusion (PHP) with escalating dose
melphalan in patients with unresectable hepatic metastases.
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Study Design and Patients

Between July 2001 and January 2004, 33 patients with unre-
sectable liver metastases were enrolled on a single phase I trial
approved by the institutional review board of the National Cancer
Institute. All patients had measurable, unresectable, biopsy-
proven hepatic malignancies. Patients underwent standard staging
evaluation, including computed tomography (CT) of the chest,
abdomen, and pelvis; magnetic resonance imaging (MRI) of the
liver; and, when clinically indicated, bone scans and MRI of the
brain. Eligibility criteria included Eastern Cooperative Oncology
Group performance status of = 2, a serum bilirubin ofless than 2.0
mg/dL, a platelet count of more than 100,000, and serum creati-
nine = 1.5 mg/dL. Patients having a minor, less than 1 to 2 second
abnormality on either prothrombin or partial thromboplastin
time but who otherwise appeared to have adequate hepatic reserve
based on complete evaluation of radiographic and laboratory tests,
were considered eligible. We excluded patients who had bi-
opsy-proven cirrhosis or evidence of significant portal hyper-
tension by history, endoscopy, or radiologic studies. Patients
with limited, extrahepatic disease in the presence of clearly
progressive, advanced hepatic metastases were considered eli-
gible for this protocol.

In the feasibility portion of the study, 12 patients were treated
at a dose of 2.0 mg/kg before melphalan dose escalation. Subse-
quent cohorts of three patients were enrolled at 2.5, 3.0, and 3.5
mg/kg. Four additional patients were treated at the maximum
tolerated dose (MTD) after a dose-limiting toxicity (DLT) was
confirmed in two of six patients.

A planned treatment course included four treatments, each
separated by 4 weeks. Before each subsequent treatment, patients
were required to have recovered from all toxicity associated with
prior treatment. After receiving the second treatment, assessment
of tumor response (MRI and/or CT scan) was performed. Patients
with evidence of disease progression on interval evaluation were
not offered additional treatments. A single patient was re-enrolled
on the trial after disease recrudescence following prolonged com-
plete response (CR; 10 months).

Follow-Up Evaluation

All patients were followed up until disease progression with
physical examination; laboratory tests; CT scan of the chest, abdo-
men, and pelvis; and MRI of the liver every 3 months for the first
year after PHP and every 4 months thereafter.

PHP

PHP uses a double balloon inferior vena cava (IVC) catheter
system (Delcath System; Delcath Inc, Stamford, CT) to isolate
hepatic venous outflow and allow high-dose infusion of chemo-
therapy to the liver. The main component of the system is a 16-F,
polyethylene double balloon catheter with one large lumen and
three accessory lumina. The two low-pressure occlusion balloons
are inflated independently through separate lumina. The cephalic
balloon blocks the IVC superior to the hepatic veins, while the
caudal balloon obstructs the IVC inferior to the hepatic veins,
allowing complete isolation of hepatic venous outflow. The span
between the two occlusion balloons consists of a fenestrated seg-
ment that feeds into the large, central lumen, which exits the
catheter from the proximal end. The additional lumen enters
the catheter at a point inferior to the caudal balloon and exits at the
distal tip and serves as a channel for a guidewire, and also allows

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from www.jco.org at NIH LIBRARY on May 23, 2005 .
Copyright © 2005 by the American Society of Clinical Oncology. All rights reserved.



PHP for Unresectable Liver Metastases

some blood flow from the infrarenal IVC to the right atrium.
During the procedure, melphalan is infused through a catheter
percutaneously inserted into the hepatic artery. The melphalan
perfuses the liver and exits the organ through the hepatic veins.
Hepatic venous effluent is collected using the occlusion balloon
catheter and melphalan-dosed blood from the central lumen is
pumped through an extracorporeal circuit consisting of a centrif-
ugal pump (Biomedicus, Eden Prairie, MN) and hemoperfusion
drug filtration cartridges (Hemosorba; Asahi Medical Co, Tokyo,
Japan). Melphalan flowing through the circuit is filtered with two
activated-carbon filter cartridges arranged in parallel. The filtered
blood is returned to systemic circulation via a venous return
sheath inserted into the internal jugular vein (Fig 1A).
Treatments are administered with patients under general
anesthesia. Bilateral internal jugular veins and the right common
femoral vein and artery are accessed using the Seldinger technique
and ultrasound guidance. An additional peripheral arterial line
was placed for intraoperative management. The extracorporeal

circuit is assembled and primed with 0.9% sodium chloride injec-
tion. Heparin is administered during the procedure to maintain
the activated clotting time at therapeutic levels. Protamine or fresh
frozen plasma was given following the procedure to facilitate early
catheter and sheath removal. Coordination with anesthesiologists
knowledgeable about the effects of IVC occlusion is important.
When the balloons are inflated, vasoactive cardiotropic agents are
usually required to maintain hemodynamic stability, as venous
return is compromised. Additionally, at the time of filter activa-
tion, systemic catecholamine levels decrease due to filtration ef-
fects. The hepatic arterial catheter is positioned in the proper
hepatic artery using standard fluoroscopic and arteriographic
techniques. A complete visceral angiogram is performed via both
the celiac and superior mesenteric arteries, and the arterial sup-
ply to the liver is completely defined. When present, small acces-
sory hepatic arteries and extrahepatic branches are embolized
to ensure that the infused chemotherapy is administered only to
the liver.

;'__.-. " A
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Fig 1. (A) Diagram of the Delcath Catheter System (Delcath Inc, Stamford, CT): Melphalan is administered directly into the hepatic artery through a catheter
placed percutaneously. Hepatic venous outflow is collected via a double balloon catheter in the retrohepatic inferior vena cava, and run through a pair of activated
charcoal filters before return to the systemic circulation. (B) Depiction of the isolated retrohepatic inferior vena cava (IVC): Hepatic venous outflow is isolated
by inflating two balloons in the IVC. (C) Fluoroscopic image of the isolated retrohepatic IVC segment obtained by retrograde injection of contrast through the
interballoon fenestrations, to confirm the absence of systemic leak. This study is performed while caval flow is obstructed, and thus complete retrograde filling

of both hepatic veins is not accomplished.

www.jco.org
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The double balloon catheter is then inserted into the IVC
using the Seldinger technique and is positioned under fluoro-
scopic guidance. The catheter is then attached to the extracorpo-
real circuit tubing, and the outflow line of the filtration circuit is
connected to the venous return sheath. Under fluoroscopy, the
cephalad balloon is inflated with dilute contrast medium until the
shape of the balloon is no longer round, indicating that it is
maximally inflated and free-floating in the right atrium. The bal-
loon is then manipulated with gentle traction until indentation of
the diaphragmatic hiatus is visible at the inferior margin. Under
fluoroscopy the caudal balloon is inflated with dilute contrast
medium until the lateral edges of the balloon deform to the walls of
the IVC (Fig 1B). Contrast medium is injected through the fenes-
trated portion of the catheter to ensure that the balloon catheter is
properly placed and the hepatic venous outflow is isolated and
without leakage into the right atrium (Fig 1C). The main circuit is
established and the filters are brought online.

Melphalan is administered as a 30-minute infusion via the
hepatic artery. Following infusion, the extracorporeal filtration
circuit is continued for an additional 30 minutes. At completion,
the balloons are deflated, and the catheters are removed. The
patient is kept on bed rest and is monitored in the intensive care
unit for 12 hours.

Toxicity

Systemic and regional toxicity were graded according to the
National Cancer Institute Common Toxicity Criteria, version 3.0.
Acute systemic toxicity that corrected within 24 hours of treat-
ment was not considered dose limiting. Fever, nausea, and weight
gain were not used to define the DLT. Per protocol, DLT was
defined as (1) grade 4 neutropenia of greater than 72 hours’
duration or associated with neutropenic fever, (2) grade 3 throm-
bocytopenia of greater than 72 hours’ duration or associated with
significant clinical bleeding, (3) grade 4 hemoglobin of greater
than 7 days’ duration, or (4) grade 3 or 4 major nonhematologic
organ toxicity not correctable within 24 hours of the procedure.

Response

All patients had measurable disease before enrolling on the
study, and 27 of 28 treated patients were assessable for response. A
single patient withdrew from the study after one treatment and is
included in the toxicity assessment only. Because PHP is a regional
treatment, response and duration of response were scored only for
lesions in the liver, and recurrences were noted as intrahepatic
and/or extrahepatic. Standard RECIST (Response Evaluation Cri-
teria in Solid Tumors) criteria were used to assess response. Target
lesions were classified as follows: CR, disappearance of all target
lesions; partial response (PR), at least a 30% decrease in the sum of
the longest diameter (LD) of target lesions taking as reference the
baseline sum LD; progression, at least a 20% increase in the sum of
LD of target lesions taking as reference the smallest sum LD
recorded since the treatment started or the appearance of one or
more new lesions; or stable disease, neither sufficient shrinkage to
qualify for PR nor sufficient increase to qualify for progression
taking as references the smallest sum LD. Assessment of nontarget
lesions was also recorded.

The duration of overall response was measured from the time
of initial treatment until the first date that recurrent or progressive
disease was objectively documented (taking as reference for pro-
gressive disease the smallest measurements recorded since the
initiation of treatment). The duration of overall CR was measured
from the time treatment was initiated until the first date that
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recurrent disease was objectively documented. Stable disease was
measured from the start of the treatment until the criteria for
progression were met, taking as reference the smallest measure-
ments recorded since the treatment started. Since therapy is lim-
ited only to the liver and the entry criteria limit treatment to
patients with primarily hepatic disease, responses were only as-
sessed on the measurable hepatic lesions. New lesions occurring
outside the liver were scored separately from new lesions occur-
ring within the liver.

Pharmacologic Studies

Blood samples were obtained simultaneously from the pe-
riphery (arterial line) and the extracorporeal circuit (both pre- and
postfilter) at baseline; midinfusion; immediately on completion of
infusion; and at 5, 10, 15, and 30 minutes after infusion. Melpha-
lan levels were assessed from the melphalan arterial infusion cath-
eter in order to ensure drug stability during the 30-minute
infusion. The efficiency of melphalan extraction by the activated
charcoal filters was determined utilizing a previously developed
and validated method. Patients had PK levels drawn during their
first two PHPs, but not during the last two PHPs, as no intrapa-
tient dose escalation was performed. During the dose escalation
phase of the study, pharmacokinetics were analyzed before the
next patient entry on study.

Statistics
All data are presented as mean * SE or standard deviation,
as indicated.

Demographic information for all 28 patients who received
at least one treatment is presented in Table 1. An equal
percentage of men and women were treated, with a mean
age of 49 years (range, 17 to 74 years). Five additional
patients (15.2%) were not treated due to anatomic abnor-
malities not seen on preoperative imaging, which precluded
safe treatment. In three of these patients, balloon occlusion
of the suprahepatic IVC was not possible secondary to the
relationship between the hepatic veins and the right atrium
(n = 2) or the length of the retrohepatic IVC (n = 1).
Another patient who was previously treated with hepatic
artery infusional therapy had a diffusely sclerotic hepatic
artery precluding catheterization. In a fifth patient, cathe-
terization of the hepatic artery resulted in a hepatic artery
dissection. Although the patient suffered no additional se-
quelae, no treatment was administered due to risk of repeat
arterial injury. In the 28 treated patients, the site of origin of
metastases was ocular melanoma (n = 10), neuroendocrine
neoplasms (n = 4), colorectal cancer (n = 2), cutaneous
melanoma (n = 3), adrenal adenocarcinoma (n = 1), pan-
creatic adenocarcinoma (n = 1), retroperitoneal sarcoma
(n = 1), breast adenocarcinoma (n = 1), and renal cell
carcinoma (n = 2). Three additional patients had primary,
unresectable hepatobiliary tumors. One third of patients
had limited extrahepatic disease, manifest by small pulmo-
nary nodules or isolated nodal or soft tissue metastases in
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Table 1. Demographics of Treated Patients
Patients
Characteristic No. %
Patients (treated) 28
Treatments 74
Treatments per patient
Mean 2.6
1 5 18
2 10 36
3 8 13
4 10 36
Male-female ratio 14:14
Age, years
Mean 49
Range 17-74
Extrahepatic disease 8 29
Previous treatment 21 75
Hepatic resection 4 14
RFA, cryoablation 2 7
Systemic chemotherapy 13 46
HAI chemotherapy/IHP 7 25
Embolization 2 7
Diagnosis
Ocular melanoma 10 36
Cutaneous melanoma 3 11
Colorectal 2 7
Periampullary adenoma 1 4
Hepatobiliary 3 11
Neuroendocrine neoplasm 4 14
Breast 1 4
Sarcoma 1 4
Adrenocortical 1 4
Renal cell 2 7
ECOG™
0 65 88
1 8 1
2 1 1
Abbreviations: RFA, radiofrequency ablation; HAI, hepatic artery infu-
sional; IHP, isolated hepatic perfusion; ECOG, Eastern Cooperative
Oncology Group.
*At time of treatment.

the presence of progressive, life-limiting hepatic metastases.
The majority of patients had received previous treatment
for their hepatic metastases, including systemic chemother-
apy (n = 13), regional chemotherapy (n = 7), resection
(n = 4), or radiofrequency ablation (n = 2). All patients not
undergoing any previous therapy had metastatic ocular
melanoma. All patients had a good pretreatment perfor-
mance status.

The perfusion and treatment parameters of the 74
treatments are presented in Table 2. All patients completed
the planned 30-minute melphalan infusion. In all but three
treatments, an additional 30 minutes of hemofiltration was
performed in order to eliminate any residual chemother-
apy. Three patients had an abbreviated postinfusion filtra-
tion phase due to decreased venovenous circuit flow rates of

WWW.jco.org

Table 2. Perfusion and Treatment Parameters

Patients, No. 28
Treatments, No. per patient 74
Procedure length, minutes

Median 300

Range 205-515
Bypass flow rate, mL/min

Median 875

Range 200-1,200
Venovenous bypass, minutes

Median 71

Range 32-109
Medications required

Protamine, No. of patients 66

FFP, U

Median 2
Range 2-6

Vasopressor support, No. of patients 70
Infusion route (28 patients), No. of patients

Single artery 23

Double artery 5]
Estimated blood loss, mL

Median 200

Range 50-900
Transfused PRBCs, U

Median 0.9

Range 0-4
Length of stay, days

Median 2.5

Range 2-6
Procedure complications, No. of treatments™

Pneumothorax 1

Arterial puncture 1

Cervical hematoma 1

Hepatic artery dissection 1

Intratumor hemorrhage 1

Protamine reaction 1

Hematuria 1

Heparin-induced thrombocytopenia 1
Abbreviations: FFP, fresh frozen plasma; PRBCs, packed RBCs.
*Total procedural complications while on study.

undetermined etiology. Overall, the 71-minute median
venovenous bypass time represents the time to inflate and
seat the proximal and distal balloons in addition to the
chemotherapy infusion and hepatic washout. Venovenous
bypass flow rates were consistent throughout the trial with
the exception of six treatments early in the series when low
flow rates were noted secondary to malpositioning of the
venous inflow catheter. Mean procedure time decreased by
an average of 40 minutes for an individual patient after
the initial treatment, as diagnostic arteriography and gas-
troduodenal arterial embolization was not repeated on
subsequent treatments. Eighteen percent of patients had
dual-artery chemotherapy infusion secondary to accessory
or replaced hepatic arterial anatomy, requiring dual infu-
sion catheters and prolonged procedure times. Blood loss
was minimal and was largely a consequence of the inability
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to return all blood from the venovenous bypass circuit at
the completion of the procedure. Postoperative coagulopa-
thy was treated with fresh frozen plasma and heparin rever-
sal with protamine to facilitate prompt catheter removal.
Vasopressor support was utilized during the majority of treat-
ments at the time of balloon inflation and the initiation of
hemofiltration, corresponding to periods of decreased venous
return and filtration of circulating catecholamines, respec-
tively. Initially, these effects were treated with intravenous flu-
ids, but early administration of low-dose phenylephrine
decreased the need for significant intraoperative fluid admin-
istration. At the completion of the procedure, patients were
maintained in the ICU until arterial and venous catheters were
removed. Patients were ambulatory and advanced to a regular
diet within 24 hours of treatment. The small number of
treatment-related complications (Table 2) secondary to cen-
tral line placement (hematoma, pneumothorax, and inadver-
tent arterial puncture) and therapeutic anticoagulation
(hematuria and intratumor hemorrhage) are consistent with
the nature of therapeutic interventions performed.

A total of 12 patients were treated at the initial dose
level of 2.0 mg/kg (Table 3). At each subsequent dose level,
three patients were treated as part of the dose escalation,
with an additional four patients treated after the MTD had
been established. At the initial dose level, the total dose
given ranged from 90 to 150 mg. Three patients received
2.5 mg/kg (range, 135 to 147 mg), and seven were treated at
3.0 mg/kg (range, 153 to 212 mg). In the 3.5-mg/kg group,
dose-limiting neutropenia or thrombocytopenia were ob-
served in two of six patients. In addition, we noted a delay in
recovery from grade 3 and 4 toxicities between treatments,
leading to treatment delays. In the two patients with DLT,
additional treatments were carried out using 3.0 mg/kg of
melphalan. Subsequently, four additional patients were
treated at 3.0 mg/kg to confirm MTD.

Table 4 lists all toxicities at each melphalan dose. The
initial cohort of 12 patients received a total of 30 treatments
without DLT. Transient grade 3/4 systemic toxicity was
noted after 20 of 30 treatments (67%) and was universally
hematologic in nature. Grade 3/4 neutropenia required
treatment with filgrastim after 12 of 30 treatments. Three
patients underwent 10 treatments at 2.5 mg/kg, with tran-

Table 3. Dosing Characteristics

Melphalan Dose Treatments/Patient

Dose Patients (mg) (No. of treatments)
(mg/kg) (No.) Mean Range Mean Range
2.0 12 128 90-150 2 1-4
25 3 142 135-147 4 24
3.0 7 182 163-212 2 1-4
3.5 6" 224 175-257 3 2-4

“Dose reduction to 3.0 mg/kg in three patients.
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sient grade 3/4 neutropenia encountered after eight of the
10 treatments. Seven patients underwent 19 treatments at
3.0 mg/kg, including two patients who were dose reduced
from 3.5 mg/kg to 3.0 mg/kg as a result of DLT. In all, 19
treatments were administered at the MTD. Grade 4 neutro-
penia requiring outpatient administration of filgrastim was
experienced after 11 treatments. Four patients had self-
limited, grade 3/4 anemia. The grade 3/4 thrombocytopenia
observed after seven treatments required transfusion after
one treatment.

Six patients underwent 15 treatments with 3.5 mg/kg
melphalan. Grade 3/4 neutropenia was observed after 10
treatments (66%), requiring treatment with filgrastim in
three cases. At this highest dose level, we observed increased
rates of additional bone marrow toxicity as manifest by
grade 3/4 anemia (n = 4; 40%) and thrombocytopenia
(n = 8; 80%), often requiring RBC (n = 3) or platelet
transfusion (n = 4) was observed. In the two patients expe-
riencing DLT, one was secondary to prolonged grade 3
thrombocytopenia, and the other, from both prolonged
grade 4 neutropenia and grade 3 thrombocytopenia. In
patients who experienced DLT, dose reduction to 3.0 mg/kg
was performed for all subsequent treatments. In addition to
the increased rate of grade 3/4 toxicity, the time to full
recovery from non-DLTs was increased at this dose, result-
ing in delays of subsequent treatments.

Significant, nonhematologic toxicity was rare in pa-
tients treated on this trial. Grade 3/4 toxicity was noted after
only 14 treatments (18.9%) and was universally transient.
No renal, cardiac, or pulmonary toxicity was observed. One
patient experienced an anaphylactic reaction to protamine
sulfate administration. A single additional patient devel-
oped a hepatic artery dissection at the time of arteriography
and was removed from the trial. Two patients were taken off
the trial as a result of treatment-related complications—
one who developed heparin-induced thrombocytopenia af-
ter a single treatment, and the previously mentioned
hepatic artery dissection.

A comprehensive pharmacokinetic profile of patients
undergoing PHP treatments was performed. All patients
treated during the initial and dose-escalation phases had serial
assessment of melphalan concentrations in the infusion cath-
eter, the pre- and postfilter circuit, and the systemic circula-
tion (Fig 2). Table 5 presents the pharmacokinetic data. There
was no degradation of melphalan during the 30-minute infu-
sion (data not shown). Filter extraction percentages ranged
from 58.2% to 94.7%, with a mean of 77%. There was no
change in filter efficiency during melphalan dose escalation.
Increasing melphalan dose was associated with increased he-
patic drug delivery as measured by both the area under the
concentration-time curve (AUC) and maximum concentra-
tion (C,,,,). Total hepatic delivery of melphalan, as mea-
sured by prefilter AUC, ranged from 4.24 = 1.87 ug/mL/h at
the initial dose of 2.0 mg/kg to 6.50 = 1.84 ug/mL/h at DLT
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Table 4. Toxicity per Treatment
Neutropenia Thrombocytopenia Anemia Hepatic

Dose (mg/kg) Patients/Treatments Grade /11 Grade IlI/IV Grade /11 Grade IlI/IV Grade /11 Grade IlI/IV Grade /11 Grade IlI/IV

2.0 12/30 10 17 11 24 3 22 5

2.5 3/10 2 8 — 7 2 8 2

3.0 719" 2 14 7 12 4 16 1

35 6/15 3 10 8 5 4 8 6

Total 28/74 17 49 26 48 13 54 14
“Includes two treatments after dose reduction from previous cycle dose of 3.5 mg/kg.

(3.5 mg/kg). Peak drug delivery (prefilter C,,,) ranged from
8.52 = 3.46 ng/mL/h at 2.0-mg/kg dosing to 11.90 * 3.68
pg/mL/h at MTD. There was rapid clearance of melphalan
from the liver during the first 10 minutes after melphalan
infusion was complete (Fig 2A). Figure 2B graphically illus-
trates the magnitude of difference between hepatic and sys-
temic drug exposure as measured by both AUC and C_,,.
At the MTD, mean filter efficiency was measured at 78.5%
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Fig 2. (A) Intrahepatic melphalan delivery. The pharmacokinetic profile of a
single treatment demonstrates the rapid establishment of Cmax in the
hepatic circulation, followed by a rapid washout phase. (B) Graphic repre-
sentation of filter efficiency across multiple melphalan dosing cohorts. AUC,
area under the concentration-time curve.
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with melphalan AUC of 5.42 * 2.04 ug/mL/h and C,, of
11.82 * 6.14 pug/mL/h.

Although response and survival analyses are not pri-
mary end points of this phase I trial, 27 of 28 patients were
assessable for response (Table 6). Antitumor activity in-
cluded minor responses (n = 10), PRs (n = 6), and two
CRs. In the 10 patients with metastatic ocular melanoma,
objective tumor response was documented in 50% (PR, n =
3; CR, n = 2). The duration of PRs includes two patients
with ongoing responses at 9 and 11 months, respectively.
Duration of the two CRs was 10 and 12 months, respectively
(Fig 3). Minor responses were noted in an additional three
patients (30%). Four patients with progressing hepatic me-
tastases from pancreatic neuroendocrine tumors were
treated, with ongoing PRs in two patients at 5 and 7 months,
respectively, and an additional ongoing minor response
(10 months). In both patients with ongoing PRs, re-
sponse has correlated with symptom relief and decreased
hormone levels.

These results demonstrate that a novel regional treatment of
hepatic metastases, PHP, can be safely performed, with
predictable and manageable toxicity. An MTD of melpha-
lan delivered through the hepatic artery has been defined as
3.0 mg/kg. Although there is no statistically significant evi-
dence that cumulative toxicity occurs after multiple treat-
ments, clinical observations seemed to indicate a slightly
more prolonged resolution of post-treatment systemic tox-
icity after successive treatments. The MTD reported here is
greater than that reported with either systemic or intraop-
erative regional administration.'>'® The doses of drug ad-
ministered in this trial are similar to those utilized in
association with systemic administration in bone marrow
transplantation.'” Advocates of regional therapy point to
the ability to deliver higher doses of therapeutic agents to a
focused anatomic area while limiting overall toxicity. This
approach utilizes an agent (melphalan) shown to be effec-
tive in other regional strategies. Systemic administration of
melphalan is limited secondary to bone marrow toxicity.

3dn

Downloaded from www.jco.org at NIH LIBRARY on May 23, 2005 .
Copyright © 2005 by the American Society of Clinical Oncology. All rights reserved.



Pingpank et al

Table 5. Melphalan Pharmacokinetic Parameters and Extraction Efficiency at Different Melphalan Doses
AUC (ug/mL/hn Extraction (%); Crnex (wg/mL)

Dose (mg/kg) N Prefilter Postfilter Right Arterial (pre-post/pre) Prefilter Postfilter Right Arterial
2 mg/kg (n = 11)

Mean 4.24 0.68 0.89 82.0 8.52 1.23 1.50

SD 1.87 0.33 0.41 8.8 3.46 0.69 0.73

Median 4.00 0.49 0.73 79.8 8.05 0.88 1.16
2.5 mg/kg (n = 11)

Mean 3.41 1.23 0.82 64.0 7.197 2.697 1.677

SD 0.41 0.35 0.25 7.9 2.36 1.46 0.89

Median 3.38 1.18 0.82 60.8 6.57 1.96 1.31
3 mg/kg (n = 3)

Mean 5.42 0.97 0.63 78.5 11.82 1.89 1.1

SD 2.04 0.35 0.22 15.2 6.14 0.48 0.29

Median 5.29 0.98 0.55 81.5 12.17 2.01 1.15
3.5 mg/kg (n = 3)

Mean 6.50 1.85 1.46 70.0 11.90 3.44 2.23

SD 1.84 0.16 0.47 8.5 3.68 0.74 1.31

Median 5.92 1.78 1.29 65.7 12.40 3.43 1.68
Abbreviations: AUC, area under the concentration = time curve; C.,,, maximum concentration; SD, standard deviation.

Previous investigators have examined the utility of this sys-
tem for the delivery of regional fluorouracil and doxorubi-
cin. Although filter extraction rates of 85% to 95% were
reported, studies did not provide sufficient efficacy data to
generategeneraqte interest in continued clinical investigation.

For patients with unresectable hepatic metastases,
treatment options are limited. Ablative therapies are effec-
tive for patients with limited numbers of tumors smaller
than 7 cm."'® Other approaches such as bland or chemoem-
bolization'? and selective internal radiation** have not been
demonstrated to impact overall survival. In patients with
certain malignancies, including ocular melanoma,*' gastro-
intestinal adenocarcinomas,** and pancreatic neuroendo-
crine tumors,” the liver frequently represents a site of
preferential metastasis. For such patients, these metastases
often dictate quality of life and survival, and are frequently
refractory to intravenous systemic chemotherapy. Regional
therapy offers the advantage of focused drug delivery to the

entire diseased organ. We have demonstrated the ability to
limit systemic toxicity while delivering high levels of intra-
hepatic melphalan, as confirmed by measuring hepatic
and systemic melphalan C,,, and AUC. The design of the
circuit with this system prohibits the use of hyperthermia.
Hyperthermia has been shown to augment melphalan cyto-
toxicity or antitumor activity in experimental models.***
Although it is routinely used in isolation perfusion of the
limb and liver, the current data suggest that significant
antitumor activity can be achieved with regional adminis-
tration of melphalan without hyperthermia.

Simple intra-arterial therapy may offer therapeutic ad-
vantages over systemic drug delivery by reducing the overall
volume of distribution of drug during the initial hepatic
exposure to melphalan. We examined the concentration of
drug in the hepatic venous effluent in order to establish
filter efficiency, and demonstrated that the majority of drug
was removed by the filter. Overall, a 10-fold increase in the

Table 6. Treatment Response in 27 Assessable Patients
Overall
MR PR CR (PR + CR)
No. of No. of Durations No. of Durations No. of Durations

Histology Patients Patients (months) Patients (months) Patients (months) No. %

Ocular melanoma 10 3 7,8 3+ & 7,9+, 11+ 2 10, 12 5 50
Cutaneous melanoma 2 — — — — — — 0 —
Neuroendocrine 3 1 10+ 2 3+, 7+ — — 2 —
Colorectal 1 1 9 — — — — 0 —
Adrenal 1 — — 1 10+ — — 1 —
Other 7 5 6, 4, 3+, 3+, 2 — — — — 0 —
Total 27 10 — 6 — 2 — 8 29.6
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Fig 3. A 38-year-old man with metastatic ocular melanoma treated with four Delcath hepatic perfusions with melphalan. A complete response was observed
for 10 months, at which time new hepatic metastases were noted. The patient underwent a second series of four treatments with a similar response and no

cumulative toxicity. PHP, percutaneous hepatic perfusion.

hepatic versus systemic C,,, of melphalan was observed at
the MTD. The ability to filter drug present in the hepatic
venous effluent is a vital component of this approach, as all
DLT and other significant toxicities were related to extrahe-
patic melphalan exposure. The systemic exposure of mel-
phalan most likely results from a combination of unfiltered
drug reflected in the postfilter samples as well as some drug
that is not collected in the hepatic venous catheter. The evi-
dence for the latter is that systemic melphalan levels are almost
the same as postfilter samples, which would be unlikely if the
only source of systemic melphalan were derived from filtration
inefficiency. Although the exact location at which melphalan
escapes into the systemic circulation is not known, it is not
from leakage around the double-balloon catheter in the vena
cava, as pre- and post-treatment fluoroscopy confirmed com-
plete vena caval isolation.

The short length of hospitalization and the ability to
treat toxicity in the outpatient setting in all except one case
is the best indication of how well patients tolerated this
intervention. After 70 of 74 treatments, patients were am-
bulatory and on a regular diet within 24 hours after treat-
ment. The median length of stay greater than 24 hours
reported in this series is an artifact of the referral patterns of
our institution, where the overwhelming majority of pa-
tients travel from out of state to receive care. To completely
assess acute toxicity in this study, we kept patients hospital-
ized for a minimum of 48 hours post-treatment. There was
no deterioration in performance status noted in patients
undergoing multiple treatments. Self-limited, transient
grade 3/4 hepatic toxicity was observed after 14 (18.9%) of
74 treatments. In all patients, subsequent arteriogram re-

www.jco.org

vealed intact hepatic arterial anatomy before initiation of
additional treatments. The only two patients removed from
the trial for reasons other than disease progression were a
patient with heparin-induced thrombocytopenia and one
with a hepatic artery dissection.

Although this phase I trial was designed to assess tox-
icity during dose escalation, there is evidence indicating
meaningful antitumor effects from this treatment strategy,
even at doses below MTD. The majority of patients accrued
to this trial had tumor histologies that have historically
demonstrated some sensitivity to melphalan, including
melanoma (ocular and cutaneous), pancreatic neuroendo-
crine tumors, and gastrointestinal adenocarcinomas, with
the largest number of patients constituting the first two
tumor types. The overall response rate observed in this trial
was 29.6%, including two patients with CRs. In addition,
antitumor effects were demonstrated in another 10 patients
(37%) who experienced less than 30% regression of previ-
ously enlarging tumors. Patients with ocular melanoma and
neuroendocrine tumors represented a significant percent-
age those enrolled on this trial. The impact of previous
therapy is difficult to assess due to the variety of histologies
represented in this group. Patients who had not demon-
strated a response to regionally delivered melphalan were
not considered for treatment. Five patients who had previ-
ously demonstrated tumor sensitivity to regional mel-
pahlan were successfully treated on this protocol, resulting
in two PRs and two minor responses. This represents a
referral bias, as well as the paucity of available effective
therapies. Initial results indicate that response rates for
both of these diseases are comparable to other, potentially
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more toxic therapies, and will be studied separately in the
phase II setting.

In summary, PHP with melphalan can be performed
safely at an MTD of 3.0 mg/kg. Unlike other hepatic di-
rected therapies, however, regional toxicity was minimal.
Although not designed to evaluate response, the data avail-
able from this phase I trial suggest antitumor activity against
a variety of tumor histologies. These results parallel results
seen with operative delivery of melphalan and will serve as
the basis for patient selection for phase II studies. The
effective number of treatments needs to be defined in fur-
ther studies, but more frequent dosing does not appear
possible due to the delayed onset of toxicity observed in this
trial. A large percentage of patients continue to experience
manageable grade 3 and 4 hematologic toxicity. Early data
regarding antitumor efficacy is encouraging and mirrors

our experience with surgical liver perfusion with melpha-
lan. The future of regional cancer therapies is dependent on
the ability to delivery biologically significant increased
levels of therapeutic agents in a cost-effective manner.
The short hospitalization, the low complication rate, and
the potential to introduce other, more disease-specific
agents into this system justify continued investigation of
this percutaneous strategy against unresectable liver tu-
mors. Phase II trials for patients with melanoma, colo-
rectal, neuroendocrine, and primary hepatic tumors are
being initiated.
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