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Abstract—A clinical evaluation of arterial infusion of high-molecular-weight
antitumor agent SMANCS dissolved in lipid lymphographic agent (~thiodol®) in
44 patients with mostly unresectable hepatoma is described. T he treatment regimen
demonstrated significant merits both therapeutically and diagnostically. Marked
antitumor effects were shown in the decreased serum alpha-fetoprotein levels (86%
of cases) and tumor size (95% of cases), and in survival period and histological
findings. Furthermore, there was increased diagnostic sensitivity using CT scan,
plain X-rays or ultrasound. The procedure of selective arterial administration of
3-4 mg of SMANCS in 3-4 ml of ethiodol per dose was simple to perform and was
required only once every 3-4 weeks. Both ethiodol and the drug accumulated more
selectively in tumor than in any other tissues and their activity remained for more
than 3 weeks. Only minimal side-effects were associated with SMANCS and

ethiodol during this study.

INTRODUCTION

THE LIPID lymphographic agent ethiodol has
been found to selectively remain in hepatocellular
carcinoma when injected into the hepatic end of
the ligated hepatic artery [1]. This persistent and
selective deposition of ethiodol also occurred
without ligation of the hepatic artery, as described
below. Based on this finding, a new therapeutic
approach to the treatment of hepatoma was
attempted using a high-molecular-weight anti-
cancer agent, SMANCS [2-4], dispersed and
solubilized in ethiodol. SMANCS is a chemical
conjugate of a synthetic copolymer of styrene
maleic acid and the proteinaceous antitumor
agent neocarzinostatin [5]. SMANCS has a
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molecular weight of 15,000-30,000 daltons and
dissolves in some organic solvents such as
pyridine and acetone, and particularly in
ethiodol. The homogeneous suspension of
SMANCS in ethiodol, designated as SMANCS-
ethiodol, was used for the present arterial

. administration. Forty-four patients with ad-

vanced hepatocellular carcinomas were injected
via the hepatic or celiac artery by Seldinger’s
method [6]. The outstanding anticancer effects
and significant improvement in subsequent
diagnostic X-ray evaluation obtained using this
approach are described.

MATERIALS AND METHODS

Patients

Forty-four patients with advanced hepatoma,
established either histologically or clinically,
were subjected to the present study and are listed
in Table 1. They were admitted to the Kumamoto
University Hospital Department of Surgery, or
our associated hospitals in Kumamoto City.

All patients or their families consented to the
treatment protocol. Twenty-nine patients had
unresectable, highly advanced hepatoma, and 15
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patients had resectable hepatoma. Thirty-six of
the 44 patients had liver cirrhosis.

Angiography, computerized tomography (CT),
ultrasonography and abdominal plain X-ray
examinations were performed routinely to
evaluate the locations and sizes of the tumors.
Serum alpha-fetoprotein levels were also
measured when applicable and possible.

To evaluate the location of ethiodol, serial slices
of 10 mm in thickness of the resected liver
specimen were radiographed with a Softex using
Fuji fine grain film for Softex, and the bioactivity
of SMANCS was assayed as described below.

Drug preparation and administration

SMANCS was prepared at the Department of
Microbiology, Kumamoto University Medical
School. Briefly, the amino group of protein
antitumor agent neocarzinostatin [5] was con-
jugated via a carbamide bond with the anhydride
component of the synthetic copolymer of styrene
maleic acid. The present preparation has a mean
molecular weight between 15,000 and 30,000
daltons* according to elemental analysis and
polyacrylamide gel (7.5%) electrophoresis in the
presence of 0.2% sodium dodecylsulfate at pH 8.2.
The drug, hereafter referred to as SMANCS-
ethiodol, was prepared by suspending 1 mg of
SMANCS in 1 ml of ethiodol. The 44 patients
were given a total of 88 injections of the drug
between February 1981 and June 1982. The 15
patients with resectable hepatomas received only
one injection, ranging from 11 to 60 days before
surgical resection. Selective catheterization was
generally performed through the femoral artery
under fluoroscopy using Seldinger’s method.
Arterial infusions of an average of 3-4 ml of
SMANCS-ethiodol per dose were given through
the celiac (18 times), hepatic (49 times) or other
peripheral arteries (2! times). The maximum dose
per patient per injection was 12 ml, 6 ml each for
the right and left hepatic lobes.

Chemicals and bioassay

Ethiodol is an iodinated fatty acid ester of
poppy-seed oil containing 38% iodine by weight
and is a product of André-Gelbe Laboratories,
France, obtained through Kodama Co. Ltd.,
Tokyo. The biological activity of SMANCS in the
resected tumor specimens was determined by the
technique previously described [7] and discussed

*As a nature of synthetic polymer (in this case copolymer of

styrene maleic acid), its molecular weight distributes within
a limited range. Thus the polymer conjugates with this
protein exhibit some deviation (median, approx. 20,000)
while that of the protein part is exact (10,700). A further
refinement in purification is under way to improve this
point.

briefly below. The specimen was not homogenized
since inactivation of the sample during
homogenization has been found to proceed faster
even in the presence of protease inhibitor [7]. As
an alternative, we punched out a specimen in the
resected liver specimen with a cork borer
(¢ =8 mm) and the removed specimen was sliced
to a thickness of about 5 mm. This punched slice
was placed on the preinoculated agar plate and
incubated at 4°C for 5-6 hr, then at 37°C for 15 hr.
The diameter of the inhibition zone after
calibration with standard SMANCS vyielded the
biological activity in the specimen.

Laboratory examinations

Most laboratory examinations such as serum
alpha-fetoprotein levels, liver function tests and
hematologic tests were carried out in the
University Hospital using routine laboratory
techniques.

RESULTS

Accumulation of ethiodol and SMANCS in the
tumor

Selective accumulation of ethiodol was clearly
demonstrated. As shown in Fig. 1 A and B, aftera
3- to 4-ml injection of SMANCS-ethiodol, the
hepatoma was indicated by high-density areas on
the CT scan. When the resected liver specimen
was examined by soft X-ray, the tumor regions,
including a previously undiagnosed 4 mm satel-
lite nodule, were revealed by the accumulation of
ethiodol (Fig. 2). Plain abdominal films also
revealed the hepatomas, including satellite
nodules, due to the accumulated ethiodol (Fig. 3).

Using a Sudan III stain on microscopic sections
of the resected specimens, the ethiodol was found
to accumulate in the neovasculature of the tumor.
It was not clear if the ethiodol was deposited in the
extracapillary space before tumor necrosis
occurred.

Biological activity of SMANCS was measured
in both tumor and non-tumor areas of the resected
specimens. The results showed that this bio-
logical activity persisted even after 22 days in
tumor and closely adjacent non-tumor-contain-
ing ussue (Table 2).

Antitumor effect

The effect of this chemotherapy can be
evaluated by CT and angiography, as shown in
Fig. 4 A-C. The serum alpha-fetoprotein level and
tumor size (Figs 5 and 6) showed decreases in 86
and 95% of cases respectively. Among them 9 of 21
cases showed 40-99% size reduction within 1-5
months. Other parameters utilized for tumor size
determination such as ultrasound and plain X-ray
also confirmed each of these results. The
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Table 2. Biological activity of SMANCS in resected liver

Cases

Dose of
SMANCS

Administered

artery

Period from
administration
to hepatectomy

Biological activity (ug SMANCS/g tissue)
Non-tumorous Non-tumorous
portion portion distant
surrounding from hepatoma
Hepatoma hepatoma (over 10 cm)

62 yr ma
54 yr ma

le 4 mg
le 4 mg

common hepatic
common hepatic

15 days
22 days

0.94 1.06 0
5.4 1.06 0

x 100

AFP tlevel AFTER

administration
AFP Level BEFORE

administration

Fig. 5.

Months

Changes in a-fetoprotein after administration of
SMANCS-ethiodol.

x 100
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SIZE of tumor BEFORE
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histological examination of the resected speci-
mens of 15 cases revealed that extensive necrosis of
the tumor had occurred. In these cases single
administration of a dose of 2-9 mg of SMANCS-
ethiodol was performed 1-8 weeks before hepatic
resection. The degree of necrosis of the tumor
tissue nearly paralleled the magnitude of the
SMANCS-ethiodol dose delivered. In the patients
administered a dose of SMANCS more than
0.25 mg/cm? of maximal cut surface area complete
necrosis of the tumor was found and, importantly,
non-cancerous liver tissue remained unaffected
(Fig. 7).

Side-effects

After 88 selective arterial infusions with
SMANCS-ethiodol, no adverse effects due to
embolization in critical organs such as lung, heart
or brain have been noted. Untrapped ethiodol
disappeared from the fluoroscopic view very
rapidly, though we speculate some may circulate
bound to serum albumin and lipoprotein while
others, although undetectable, may be lodged in
the kidney, lung or bile.

Months

Fig. 6. Changes in size of hepatoma by administration of SMANCS-ethiodol.
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Fig. 1. Computerized tomogram (CT) of a 48-yr-old with unresectable hepatoma (case 2). (4) Before
administration of SMANCS-ethiodol; (B) 1 week after administration of SMANCS-ethiodol. T he tumorous
area became clearly visible as a white high density area.
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Fig.2. 54-yr-old male with resectable hepatoma(a case in C group). Administration of SMANCS-ethiodol had

been performed 22 days before hepatic resection. (A) A cut surface of resected hepatoma. A satellite nodule witha

diameter of 4 mm is observed (arrow); (B) soft X-ray film reveals clearly the hepatoma as a high density area due
to the selective remaining of ethiodol.
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Fig. 4. Demonstration of regression of hepatoma by CT (case 1). (A) Before administration of SMANCS
ethiodol; (B) 4 months after administration; (C) 17 months after administration.
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The major side-effect observed after arterial
infusion of SMANCS-ethiodol was fever of
38-39°C (59%), as shown in Table 3, although
most patients became afebrile within a few days.
About 20% of the patients experienced dull pain
in the upper abdomen which lasted for about 15
min after infusion. Mild and transitory elevations
of serum GOT and GPT were seen in about 30%.
No hematosuppression was observed. Unexpect-
edly, moderate leukocytosis was seen in 65% of the
patients.

Prognosis

While it is too early to evaluate longer term
prognosis at this point, we have compared our
present data with a comparison group of patients
with advanced hepatomas not treated with this
protocol. The present survival data for patients
with unresectable hepatoma subjected to
SMANCS-ethiodol treatment from February 1981
until June 1982 and observed up to September
1982 are presented in Figure 8. The comparison
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group of 32 patients with unresectable hepatoma,
who were subjected similarly to ligation of the
hepatic artery (20 cases) and/or intra-arterial
continuous (17 cases) or single (11 cases)
administration of mitomycin C and/or 5-
fluorouracil, had an average survival period of
2.3 + 1.6 months after day 1. Clearly, the survival
period of patients treated under the present
protocol was definitely longer than the com-
parison group (Fig. 8).

DISCUSSION

Two major advantages of the arterial infusion
of SMANCS-ethiodol have been -elucidated.
Firstly, the selective accumulation of ethiodol in
tumor tissue was revealed by X-ray and in resected
tumor. This result provides diagnostic advantages
with plain X-ray, CT scan or ultrasonography
(Figs 1-4). More precise determination of location
and size of the tumor using any of these methods
has been demonstrated. Furthermore, these data
demonstrated that the deposition of ethiodol in

Table 3. Side-effects of arterial administation of SMANCS-
ethiodol

1. Fever 50/85 (59%),
2. Pain 19/85 (22%),
3. Laboratory data

38-39°C, wansitory,

7 days
transitory, 20 min

GOT: elevation 23/71 (32%)*
GPT: elevation 17/71 (24%)*
bilirubin: elevation 16/68 (24%)*

WBC: increase  35/54 (65%)*, decrease 6/54 (11%)*
*All transitory
Time after administration (Monthe)
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Fig. 8. Prognosis of patients with unresectable hepatoma treated with SMANCS-ethiodol.
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the tumor persisted for more than 3 months. The
ethiodol deposited in the vasculature of the tumor
might also add the effect of embolization of the
neovasculature to the effect of the anticancer
agent, although we found in the separate study
embolization by ethiodol alone was not effective
at all [Konno et al., unpublished data]. Secondly,
the high-molecular-weight antitumor agent
SMANCS can be delivered and deposited more
selectively in the tumor tissue for a longer period
of time by the present method than any other
conventional method and without major tech-
nical difficulties or side-effects.

The mechanism of the selective accumulation
of ethiodol in hepatomas is not fully understood
as yet. We speculate that the combination of the
neovascularization with its particular nature,
such as vascular structure, mode of blood flow and
subsequent increased permeability, and the lack
of a reticuloendothelial recovery system in the
tumor tissue, may be factors attributing to the
observed results. Furthermore, the large mole-
cular nature of SMANCS, particularly in lipid,
results in slower diffusion, thus slower clearance
than smaller molecules. As a consequence,
SMANCS is retained in the tumor for a longer
period of time than smaller molecules.

Normal tissues, on the contrary, have well-
developed lymphatic systems which effectively
recover large proteinaceous molecules such as
neocarzinostatin or SMANCS. This efficient and
rapid recovery in lymph nodes has been reported
after systemic injection [4, 7]. There appears to be
fairly effective leakage of SMANCS from tumor
capillaries into tumor tissues. In the tumor tissues
highly developed neovascularization is known to
render substantial leakage of many substances,
including macromolecules from the vascular
space into the tumor tissue. This assumption is
supported by the studies of Peterson et al. [8, 9]
using ["*I]-albumin (mol. wt 6.7X10% or
fibrinogen (mol. wt 14 X 10%) and of Shibata et al.
[10} using [“*M]-a-1-acid glycoprotein (mol. wt
14 X 10%). Namely, predominant accumulation of
these macromolecules in the tumor tissues or in
the exudate was observed. In addition, under-
developed lymphatics in the cancer tissue will
leave the macromolecules iz situ due to slower
diffusion as well as slower recovery. These two
aspects, much leakage and little recovery of large
molecules, may explain the present results. We
have observed in separate experiments that when
SMANCS was injected intravenously it accumu-
lated more in the tumor (VX-2) tissue of rabbit
than in normal tissues [Maeda et al., unpublished
data).

When the bioavailability of SMANCS-ethiodol
was measured using resected tumor specimens of

the treated patients, it was not surprising that the
highest level was found in the tumor tissue
followed by adjacent normal tissue. Furthermore,
normal liver tissue, obtained distant from the
tumor site, exhibited virtually no bioactivity of
SMANCS (Table 2), perhaps due to the reasons
described above. Localization of drug delivery
mainly to the tumor helps to minimize the side-
effects. The bioactivity of SMANCS in tumor
tissue is concordant with the almost selective
presence of ethiodol in the tumor tissue.

We employed two parameters for the assess-
ment of anticancer effect of the present method:
serum alpha-fetoprotein (Fig. 5) and tumor size
(Fig. 6). The decrease of serum alpha-fetoprotein
in 86% of patients was indeed remarkable, and
only 2 cases (10%) exhibited continued increase
(Fig. b). A detailed examination of these two cases
revealed that one had a distant lung metastasis
which was initially unnoticed; the other patient’s
drug administration was by super-selective
catheterization which failed to deliver the drug to
the opposite lobe of the liver where a satellite nest
resided, and thus its growth continued. These two
cases warned us that the super-selective catheter-
ization was unnecessary and perhaps too
selective;thus selective arterial infusions such as
via the celiac artery or common or proper hepatic
arteries was preferable. Of course, such selective
catheterization is also much easier to perform.

The tumor size decreased in about 90% of the
treated patients to 10-99% of the original size (Fig.
6). This pronounced tumor regression should
result in the prolongation of survival of these
patients, and our preliminary results support this
(Fig. 8). Although most of the patients possessed
unresectable advanced hepatoma (Table 1) and
whose expected life span was 2.3 * 1.6 months, the
survival period of treated patients far exceeded the
comparison group (Fig. 8). Although it is
premature to make conclusions at this time, a
significant beneficial effect of SMANCS-ethiodol
appears evident under the present protocol.

The optimum dose regimen has yet to be
established for SMANCS-ethiodol therapy. We
have confirmed, however, that an interval of 2-4
weeks with a total of 3-4 doses has proven
substantially effective, and for a hepatoma of
10 X 8 cm more than 15 mg of SMANCS as a total
dose is needed for total necrosis of the tumor. The
largest volume of SMANCS-ethiodol injected was
6 ml in each hepatic lobe, but this dose was
associated with increased abdominal pain.
Thompson and Aniyan [11] reported that the
average lethal dose of intravenous ethiodol in
dogs was 1.58ml per kg of body weight
(94.8 m1/60 kg). Thus our dosage of ethiodol is in
a very safe range. Although the LD;, of SMANCS
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is essentially similar to that of neocarzinostatin[3]
on a molar basis, it appears that the above-
described local administration of SMANCS-
ethiodol may be much less toxic than systemic
administration [5]. No severe adverse effects were
observed that required discontinuation of drug
administration in the present regimen, and the
minor systemic side-effects are described in the
preceding section (Table 3). A slight fever
(37-839°C) may be favorable in view of hyper-
thermia in the treated patients.

In conclusion, early analysis of the present
chemotherapy with SMANCS-ethiodol offers the
following advantages. (i) Super-selective catheter-
ization is not necessary, thereby making the

procedure amenable to most hospitals. (ii) The
anticancer effect was definite in the majority of
cases, and tumor regression will continue for a
long period without frequent drug administra-
tions. (i11) The side-effects were all transitory and
mild, and no severe complications were ex-
perienced. Furthermore, there was no hemato-
suppression or liver toxicity. (iv) The ethiodol
was found to be useful for more sensitive and
simple radiological diagnosis and the follow-up
study of these patients.

Acknowledgement—We thank James Shaw, M.D. for his
reading of the manuscript and suggestions.

REFERENCES

1. NAKAKUMA K, TASHIRO S, UEMURA K, KONNO T, TANAKA M, YOKOYAMA . Anattempt
for increasing effects of hepatic artery ligation for advanced hepatoma (in Japanese).
Jap-Deutsche Med Berichte 1979, 24, 675-682.

2. MAEDA H, TAKESHITA J, KANAMARU R. A lipophylic derivative of neocarzinostatin. Int

J Peptide Protein Res 1979, 14, 81-87.

3. MAEDA H, TAKESHITA J, KANAMARU R. Antimetastatic and antitumor activity of a
derivative of neocarzinostatin: an organic solvent- and water-soluble polymer-
conjugated protein. Gann 1979, 70, 601-606.

4. TAKESHITA J, MAEDA H, KANAMARU R. In vitro mode of action, pharmacokinetics and
organ specificity of poly (maleic acid-styrene)-conjugated neocarzinostatin, SMANCS.

Gann 1982, 73, 278-284.

5. MAEDA H. Neocarzinostatin in cancer chemotherapy (review). Anticancer Res 1981, 1,

175-186.

6. SELDINGER SI. Catheter replacement of needle in percutanous arteriography: a new

technique. 4Acta Radiol 1953, 39, 368-376.

7. MAEDA H, TAKESHITA J, YAMASHITA A. Lymphotrophic accumulation of an antitumor
protein, neocarzinostatin. Eur J Cancer 1980, 16, 723-731.

8. PETERSON HI, APPLEGREN KL. Experimental studies on the uptake and retention of
labelled protein in a rat tumor. Eur | Cancer 1973, 9, 543-547.

9. PETERSON HI, APPELGREN L, LUNDBORG G, ROSENGREN B. Capillary permeability of
two transplantable rat tumors as compared with various normal organs of rat. Bibl Anat

1973, 12, 511-518.

10. SHiBATA K, OKUBO H, IsHIBASHI H, TSUDA-KAWAMURA K, YANASE T. Rat a-1-acid-
glycoprotein: uptake by inflammatory and tumor tissue. Br J Exp Pathol 1978, 59,

601-608.

11. TaompsON LK III, ANIYAN WG. Toxicologic study of iodinated oil following
intralymphatic and intravenous administration into dogs. Surg Gynecol Obstet 1965,

121, 107-111.

EJC 19:8~B



