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HEPATOCELLULAR CARCINOMA: TREATMENT AND
RECURRENCE MARKER

A phase one study of the hepatic arterial administration of
1,25-dihydroxyvitamin D; for liver cancers
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Abstract

Background and Aims: It is well established that exposure to 1,25-dihydroxyvitamin Dj;
(1,25(0H),D3) inhibits the proliferation of human colorectal cancer and hepatoma cell lines, both n
vitro and n vivo. However, clinical trials of the administration of 1,25(OH),D; and analogs for the treat-
ment of malignancy have been limited by the development of hypercalcemia. 1,25-dihydroxyvitamin D,
is principally excreted in bile following hepatic catabolism. This suggested the hypothesis that hepatic
regional administration may allow high doses of 1,25(OH),D; to be administered for the treatment of
liver cancers without producing hypercalcemia, caused by a clinically significant first pass effect. This
phase one study investigates the effect of hepatic regional administration of 1,25(OH),D; on serum
calcium levels, together with other markers of renal and liver function.

Methods: Six subjects with hepatic colorectal cancer metastases and one with primary hepatocellular
cancer were given continuous hepatic arterial infusions of 1,25(OH),Ds, for periods of 1-4 weeks. Blood
samples were taken regularly and assayed for calcium levels, liver function tests and urea and electrolyte
levels.

Results: Patients remained normocalcemic at dosages of up to 10 mcg/day. No patient experienced any
side-effects from the treatment.

Conclusions: Administration of 1,25(0OH),D; as a continuous hepatic arterial infusion allows a high
dosage to be administered without inducing hypercalcemia. This route of administration may allow the

potential of 1,25(0OH),D; in the treatment of hepatic cancers to be realized.
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INTRODUCTION

Colorectal carcinoma is responsible for more deaths in
non-smokers than any other cancer in the developed
world, with the liver being the most common site
for metastases to occur.! Although hepatoma (hepato-
cellular carcinoma) is rare in the Western world, it is
one of the commonest causes of cancer death through-
out most of Asia.

Surgical resection or destruction offers the only
potentially curative treatment for hepatic malignancy,

but is possible in only the minority of patients.>™* The
majority of patients are suitable only for cytotoxic
chemotherapy. The delivery of cytotoxic chemotherapy
as an infusion via the hepatic artery to treat patients
with metastases from colorectal cancer is a compara-
tively recent strategy. Opinions are somewhat divided
regarding its relative benefits over systemic chemother-
apy, with enthusiasts claiming higher response rates,’®
lower systemic concentrations,’ less side-effects and
improved survival than intravenously administered
chemotherapy or no treatment.'®’®> However, overall
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results are still poor and there remains a need for more
effective and less toxic treatments for liver cancer.

In addition to its role in the control of calcium and
phosphate homeostasis, it is well established that
the hormonally active form of vitamin D—1,25-dihy-
droxyvitamin D; (1,25(0OH),D;), has other important
biologic effects. It is capable of inducing differentiation
and controlling proliferation of both normal and malig-
nant cells.!**° The inhibition of the proliferation of col-
orectal cancer cells by 1,25(OH),D; was first reported
in vitro by Lointer ez al. in 1987,%' and in vivo by Eisman
et al.”

We have previously reported in vizro inhibition of the
proliferation of several human colorectal cancer cell
lines.”> The 1,25(0OH),D; analog EB 1089 has a similar
effect i vivo.** This effect appeared to be mediated by
the interaction of 1,25(OH),D; or its analogs with
specific nuclear vitamin D5 receptors. More recently we
have demonstrated a more marked inhibition of the
proliferation of hepatoma cell lines exposed to either
1,25(0OH),D3 or EB 1089.”

The clinical use of 1,25(OH),D; and its less calcemic
analogs to treat malignancy has been limited by hyper-
calcemic effects.?*?” The principal route of excretion of
calcitriol is in bile.?®*> We hypothesized that adminis-
tration of 1,25(OH),D; as a hepatic arterial infusion
would allow high concentrations to be delivered to
tumors within the liver while avoiding high systemic
concentrations and hypercalcemia, caused by a signifi-
cant hepatic first pass metabolism.

This is the first report of the intra-arterial adminis-
tration of 1,25(OH),Ds;. The aim of this study was
to investigate the safety of intrahepatic arterial infusion
of 1,25(0OH),D; in patients with hepatic malignancy,
and in particular to assess the risks of developing
hypercalcemia.

METHODS

Patients were recruited from our hepatic oncology
clinics. Patients with unresectable hepatic metastases
from colorectal cancer or primary hepatoma were con-
sidered for entry into the trial if they were considered
to have a failed to have a response to conventional treat-
ment. Hepatic lesions were considered to be from col-
orectal primary cancers if there was histological
confirmation of the primary tumor, an elevated carcino-
embryonic antigen (CEA) level and characteristic com-
puterized tomography (CT) appearance of the lesions.
Primary hepatocellular cancer was confirmed by liver
biopsy histology. Treatment failure was defined as a
rising tumor marker level, CEA or o—fetoprotein
(AFP), or increasing tumor size on serial CT scanning.
The trial protocol was approved by the South-eastern
Sydney Area Health Service Ethics Committee.

Patients with high volume or symptomatic extrahep-
atic disease were excluded, as were patients with an
expected survival period of less than 2 months, con-
comitant thiazide diuretic or calcium based antacid
treatment, liver or renal failure, or known sensitivity to
vitamin D compounds.
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Some of the patients considered for entry into this
trial already had a hepatic artery catheter (HAC) i situ,
either connected to a subcutaneous port site or con-
nected to an implanted ‘Infusaid’ pump (Intermedics,
Infusaid, Norwood, MA, USA) for the delivery of
hepatic arterial infusion chemotherapy. These patients
had the patency and siting of their catheters confirmed
prior to entry into the trial by radiologic contrast
studies. Patients without hepatic arterial catheters
already in sizu were treated via a radiologically sited tem-
porary HAC.

All patients received 1,25(0OH),D;—‘Calciject’
(Abbott Australasia, Kurnell, NSW, Australia) via the
HAC as a continuous infusion delivered by an external
‘Infusor’ pump (Baxter Healthcare Corporation, Deer-
field, IL, USA). In patients requiring a temporary HAC,
the external Infusor pump was directly connected to the
catheter at its exit point. Patients with indwelling HAC
were connected via their subcutaneous port or the side
port of their Infusaid implanted pump.

The duration of treatment depended on the type of
HAC used. In patients requiring a temporary HAC,
treatment was administered for only 1 week because of
the necessary limitation of mobility and the need for
hospitalization while these catheters were in sizu.
Patients with an indwelling HAC were initially treated
for 4 weeks, and following a treatment free period of 4
weeks, these patients were then given a further period
of treatment at higher doses.

All patients were examined twice daily for the first
week, and three times a week subsequently. Blood was
taken on each occasion for assessment of serum
calcium, phosphate, urea and electrolytes, liver function
tests, full blood count and coagulation studies.

An escalating dosage schedule was used as detailed
in Table 1. The first two subjects (numbers 1 and 2)
were treated with an infusion of 0.2 mcg/day
1,25(OH),D; for 4days, and subsequently with
0.5 mcg/day. Subsequent subjects (numbers 3, 5, 6 and
7) were initially given 2 mcg/day, and then 4 weeks of
5 mcg/week. After a 4week rest period they were
restarted on treatment at a dose of 10 mcg/day. This was
then increased to 15 mcg/day.

Patient number 4 was hypercalcemic prior to treat-
ment because of a paraneoplastic syndrome, and there-
fore was given lower dosages (0.5 mcg/day increasing to
2 mcg/day and to 5 mcg/day at eight day intervals).

All patients adhered to a low calcium diet (estimated
at <350 mg/day) for 3 days prior to and throughout the
treatment period.

RESULTS

Seven subjects (five males and two females) were
entered into the trial. Six subjects had hepatic metas-
tases from colorectal cancer and one had hepatoma.
Subjects’ ages ranged from 42 to 75 years with a median
of 62years. Five subjects had extrahepatic disease
(Table 2).

Five subjects completed the intended period of treat-
ment. One subject (Subject 2) withdrew from the trial
after 14 days of treatment for personal reasons. Subject
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Table1 Treatment summary
Period 1 Period 2 Period 3 Period 4 Period 5
Subject no. Dose Days Dose Days Dose Days Dose Days Dose Days
1 0.02 1-4 0.05 4-7 — — — — — —
2 0.02 1-4 0.05 4-7 — — — — —
3 2 1-4 5 4-24 0 24-59 10 59-67 15 67-71
4 0.5 1-8 2 8-16 5 16-26 — — — —
5 2 1-5 5 5-26 0 26-61 10 61-65 15 65-75
6 2 1-4 5 4-27 0 27-52 10 52-57 15 57-60
7 2 1-3 5 3-29 — — — — — —
Dose is in pg/day.
Table2 Subject details 3507
. 325
Extrahepatic disease/ %
. . E 3.001
No. Age Sex Tumor complications £
E 2754
1 62 F  Colorectal Lung metastases 2 L
2 73 M  Hepatoma Nil 2
2.254
3 42 M  Colorectal Ascites and abdominal wall Z
metastases @ 2009
4 72 F  Colorectal Obstructive jaundice, 1
tlally reheved by -10 0 10 20 30 D40 50 60 70 80 90
par ay
intrahepatic biliary stents
5 57 M  Colorectal Nil Figurel Serum calcium levels of all subjects. () Denotes
6 75 M Colorectal Lung metastases, obstructive the normal range of serum calcium levels. (—) Patient 1; (@)
jaundice relieved by pat%ent 2; (W) paFient 3; (A) patient 4; (O) patient 5; (()
intrahepatic biliary stents patient 6; (V) patient 7.
7 57 M Colorectal Obstructive jaundice,

partially relieved by
extrahepatic biliary stents

7 was commenced on the same dosage regimen as
patients 3, 5 and 6, but was withdrawn from the
trial prior to starting 10 mcg/day because of progressive
debilitation related to his disease.

The only complication that occurred during treat-
ment was the transient elevation of the International
Normalized Ratio (INR) of one subject (Subject 1).
This patient had been treated with warfarin (Boots
Health Care, North Ryde, NSW, Australia) for 6
months prior to entry because of multiple pulmonary
emboli and the insertion of an Inferior Vena Caval
Filter, after resection of her primary tumor. The INR
returned to normal with temporary cessation of war-
farin treatment, but was noted to rise once more some
3 weeks after the trial treatment finished.

No patient developed hypercalcemia during the treat-
ment at doses up to and including 10 mcg/day, as shown
in Fig. 1. Subject 4 had an elevated calcium level prior
to treatment, and her calcium levels decreased during
treatment. Three subjects were given 15 mcg/day dosage
infusions. Of the three patients two, (subjects 5 and 6),
became hypercalcemic after 10 and 3 days, respectively,
and treatment was discontinued. Subject 3 did not
become hypercalcemic prior to the discontinuation of
treatment.

Phosphate levels (Fig.2) remained constant in all
subjects except subject 7. This patient had a rise in the
level of serum phosphate to above the normal range
from day 20. The elevation persisted after treatment was
discontinued on day 28 until the subject’s withdrawal
from follow-up on day 38.

In all patients, liver function tests and serum urea and
electrolyte levels varied only within normal levels
throughout the treatment period.

DISCUSSION

1,25-Dihydroxyvitamin D; and some of its analogs have
been shown to inhibit the proliferation of many malig-
nant cell lines, including colorectal cancer. We have pre-
viously reported inhibition of the proliferation of five
out of seven human colorectal cancer cell lines by the
1,25(0H),D; analog EB 1089 in vitro,”> and have also
observed significant inhibition in the single line tested
in vivo.** This effect appears to be mediated by the
interaction of calcitriol or analogs and specific nuclear
vitamin D; receptors. More recently we have demon-
strated much more marked inhibition (of up to 70%
over controls) of the proliferation of several hepatoma
cell lines exposed to both calcitriol and its analog EB
1089.%
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Figure2 Serum phosphate levels in patients 3-7. ()
Denotes the normal range for serum phosphate levels. (H)
Patient 3; (A) patient 2; (@) patient 5; (A) patient 6; (O)
patient 7.

1,25-Dihydroxyvitamin Dj; is routinely used in the
treatment of osteoporosis and renal failure-associated
hyperparathyroidism, the usual dose being 0.25 mcg,
twice daily.>* However, clinical use of 1,25(0OH),D; in
patients for the treatment of malignancy has previously
been limited by the development of hypercalcemia, an
unsurprising complication considering the central role
that 1,25(0OH),D; plays in calcium homeostasis, with
elevated systemic levels stimulating enhanced calcium
absorption from the gut and bones. In 1985, Keoffler
et al. administered 2 mg/day of 1,25(OH),D; orally to
patients with myelodysplastic syndrome and found that
50% of patients developed symptomatic hypercal-
cemia.’® Over 400 analogs of 1,25(0OH),D; have been
synthesized and tested in the hope of finding a com-
pound capable of inhibiting proliferation without hyper-
calcemic effects. However, one such analog, EB 1089,
which has much greater antiproliferative than hypercal-
cemic effects, has recently been shown to still induce
hypercalcemia when given to human subjects in poten-
tially therapeutic dosages.*”’

Hepatic metastases from colorectal cancer and
primary hepatic malignancies offer a unique situation
in which 1,25(0OH),D; may be therapeutically useful.
The regional delivery of chemotherapy via the hepatic
artery is an established technique for the treatment of
liver cancers. High concentrations of the therapeutic
agent can be achieved in the liver with low concentra-
tions in the systemic circulation because of hepatic
extraction and catabolism of the agent on its first pass
through the liver.”® Within the liver, chemotherapy
delivered via the hepatic artery is preferentially distrib-
uted to tumors, as they derive 75% of their blood supply
from the hepatic artery in contrast to a normal liver
which receives only 25% from the hepatic artery.’*®

The principal route of excretion of calcitriol is in bile,
as calcitroic acid, glucuronides, taurine and glycine con-
jugates, mono- and disulfides, and carboxylic acids.?®>*
We hypothesized that regional delivery via a hepatic
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arterial infusion would result not only in high concen-
trations within hepatic tumors, but that a significant
first pass hepatic extraction would result in only a small
amount of calcitriol reaching the systemic circulation
thereby avoiding the development of hypercalcemia.

The dosage selection was made on a pragmatic and
literature guided approach. The doses given to the first
two subjects (0.2 and 0.5 mcg/day) were chosen to be
comparable with the relatively low doses commonly
administered in clinical practice. Subsequent subjects
received increasing dosages, intended to be comparable
to and later exceed those given systemically by previous
researchers. In the present study, we have demonstrated
that it is possible to safely administer up to 10 mcg/day
of 1,25(0OH),D; as a hepatic artery infusion without
producing hypercalcemia or other side-effects. This is
20-fold the dose administered clinically’* and fivefold
greater than the maximum dosage that previous
researchers have been able to administer without pro-
ducing hypercalcemia.’® While these results may lend
support to our hypothesis that regional administration
via the hepatic artery results in a significant first pass
effect, this hypothesis cannot be further commented
upon in the absence of 1,25(0OH),D; levels. This high
dose of 1,25(0OH),D; was administered safely, without
the occurrence of renal or hepatic toxicity. The pre-
ferential distribution of hepatic arterial blood flow to
tumors over normal liver may suggest that hepatic arte-
rial infusion will also result in higher concentrations of
calcitriol within hepatic tumors than would result from
systemic administration, although we were not able to
examine this effect in the present study.

In conclusion, we accept that the data in the present
study is preliminary because of the small patient
numbers involved; however, to our knowledge this is the
first reported use of hepatic arterial administration
of 1,25(0OH),D;, and we believe that it indicates
that the administration of high dosages of 1,25(OH),D;
by hepatic artery infusion is safe. This novel treat-
ment approach has potential as a non-cytotoxic therapy
for liver cancers and warrants further research; this
study will prove extremely useful in the initiation
and planning of such. Further studies could be justi-
fied in administering dosages approximately in the
10 mcg/day range, and concentrating upon the thera-
peutic effects produced without undue concerns
regarding hypercalcemia.

ACKNOWLEDGMENT

We are grateful to the St George Bank of Australia, and
Health Care of Australia for funding.

REFERENCES

1 Kemeny N. The systemic chemotherapy of hepatic
metasases. Semin. Oncol. 1983; 10: 148-58.

2 Seannz NC, Cady B, McDermott Jr WV, Steele Jr GD.
Experience with colorectal carcinoma metastatic to the
liver. Surg. Clin. North Am. 1989; 69: 361-70.



Intraarterial vitamin Dj; for liver cancer

3

10

11

12

13

14

15

16

17

18

19

Scheele ], Strangl R, Altendorf-Hofmann Paul M. Resec-
tion of colorectal liver metastases. World. ¥ Surg. 1995; 19:
59-71.

Seifert JK, Junginger T, Morris DL. Collective review of
the world literature on hepatic cryotherapy. ¥ R. Coll. Surg.
Edinb. 1998; 43: 141-54.

Chang AE, Schneider PD, Sugarbaker PH er al A
prospective randomised trial of regional versus systemic
continuous 5-fluorodeoxyuridine chemotherapy in the
treatment of colorectal liver metastases. Ann. Surg. 1987;
206: 685-93.

Kemeny N, Daly J, Reichman B ez al. Intrahepatic or sys-
temic infusion of fluorodeoxyuridine in patients with liver
metastases from colorectal carcinomas. A randomised
trial. Ann. Intern. Med. 1987; 107: 459-65.

Kirk Martin Jr J, O’Connell MJ, Wiend HS ez al. Intra-
arterial floxuridine vs systemic fluorouracil for hepatic
metastases from colorectal cancer. A randomised trial.
Arch. Surg. 1990; 125: 1022-7.

Kemeny N. Review of regional therapy of liver metas-
tases in colorectal cancer. Semin. Omncol. 1992; 19:
155-62.

Goldberg JA, Kerr D], Watson DG er al. The pharmaco-
kinetics of 5 FU administered by arterial infusion in
advanced colorectal hepatic metastases. Br. ¥ Cancer.
1990; 61: 913-15.

Rougier P, Laplanche A, Hugier M ez al. Hepatic arterial
infusion of floxuridine in patients with liver metastases
from colorectal cancinoma: long term results of a pros-
pective randomised trial. ¥ Clin. Oncol. 1992; 10:
1112-18.

Allen-Mersh TG, Earlam S, Fordy C ez al. Quality of life
with hepatic artery floxuridine infusion for colorectal liver
metastases. Lancer 1994; 344: 1255-60.

Meta Analysis Group in Cancer. Reappraisal of hepatic
arterial infusion in the treatment of nonresectable liver
metastases from colorectal cancer. ¥ Natl Cancer Inst.
1996; 88: 252-8.

Abe E, Miyaura C, Sakagami H ez al. Differentiation of
mouse myeloid leukaemic cells induced by 1 alpha 25
dihydroxyvitamin D3. Proc. Natl Acad. Sci. USA 1981; 78:
4990-4.

Colston K, Colston M], Feldman D. 1,25-dihydroxyvita-
min D; and malignant melanoma: the presence of recep-
tors and inhibition of cell growth in culture. Endocrinology
1981; 108: 1083-6.

Bar SZ, Teitelbaum SL, Reitsma P er al. Induction of
monocytic differentiation and bone resorption by 1,25-
dihydroxyvitamin Dj;. Proc. Natl Acad. Sci. USA 1983; 80:
5907-11.

Frampton RJ, Omond SA, Eisman JA. Inhibition of
human cancer cell growth by 1,25-dihydroxyvitamin D
metabolites. Cancer Res. 1983; 43: 4443-7.

Bell NH. Vitamin D endocrine system. J Chin. Invest.
1985; 76: 1-6.

Brehier A, Thomasset M. Human colon cell line HT 29:
characterisation of 1,25-dihydroxyvitamin D; receptor
and induction of differentiation by the hormone. ¥ Steroid
Biochem. Mol. Biol. 1988; 29: 265-270.

Hosomi J, Hosoi J, Abe E, Suda T, Kuroki T. Regulation
of terminal differentiation of cultured mouse epidermal
cells by 1 alpha, 25-dihydroxyvitamin D;. Endocrinology
1983; 113: 1950-7.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

337

Tanaka H, Abe E, Miyaura C er al 1,25 dihyroxy-
cholecalciferol and a human myeloid leukaemia cell line
(HL 60). Biochem. § 1982; 204: 713-19.

Lointier P, Wargovich M], Saez S et al. The role of
Vitamin D3 in the proliferation of a human colon cancer
cell line in vitro. Anticancer Res. 1987; 7: 817-22.
Eisman JA, Barkala DH, Tutton PJM. Suppression of in
vivo growth of human cancer solid tumour xenografts by
1,25-dihydroxyvitamin D;. Cancer Res. 1987; 47: 21-5.
Akhter J, Goerdel M, Morris DL. Vitamin D3 analogue
(EB 1089) inhibits in virro cellular proliferation of human
colon cancer cells. Br. ¥ Surg. 1996; 83: 229-30.

Akhter J, Chen X, Bowrey P ez al. Vitamin D3 analogue
EB 1089 inhibits growth of subcutaneous xenografts of
the human colorectal cell line L.oVo in a nude mouse
model. Dis. Colon Rectum 1997; 40: 317-21.

Akhter J, Hassiottis V, Bolton EJ, Morris DL. Profound
inhibition of human hepatoma cell lines by vitamin D3
and analogues. Aust. N. Z. J. Surg. 1998; 68: 520.
Koeffler HP, Hirji K, Itra L. 1,25-dihydroxyvitamin Ds. In
vivo and in virro effects on human preleukemic and
leukemic cells. Cancer Treat. Report 1985; 69: 1399-1407.
Gulliford T, English J, Colston KW, Menday P, Moller S,
Coombes RC. A phase one study of the vitamin D ana-
logue EB 1089 in patients with advanced breast and col-
orectal cancer. Br. §. Cancer. 1998; 78: 6-13.

Avioli LV, Lee SW, McDonald JE, Lund ], Deluca HF.
Metabolism of vitamin D3-3H in human subjects: distri-
bution in blood, bile, faeces and urine. ¥ Clin. Invest. 1967,
36: 983-92.

Bell PA, Kodicek E. Investigations on metabolites of
vitamin D in rat bile. Separation and partial identification
of a major metabolite. Biochem. F 1969; 115: 663-9.
Nagubandi S, Kumar R, Londowski JM, Corradino RA,
Tietz PS. Role of Vitamin D glucuronate in calcium
homeostasis. ¥ Chn. Invest. 1980; 66: 1274-80.

Onisko BL, Esvelt RP, Schnoes HK, Deluca HF. Metabo-
lites of 1,25-dihydroxyvitamin Dj; in rat bile. Biochemistry
1980; 19: 4124-30.

LeVan LW, Schnoes HK, DelLuca HF. Isolation and
identification of 25-hydroxyvitamin D2-glucuronide: a
biliary metabolite of vitamin D2 in the chick. Biochemistry
1981; 20: 222-6.

Ayton B, Martin F. Conjugated forms of [°H]1,25-
dihydroxyvitamin D3 in rat bile. J Steroid Biochem. Mol.
Biol. 1987; 26: 667-77.

Tilyard MW, Spears GFS, Thomson J, Dovey S. Treat-
ment of postmenopausal osteoporosis with calcitriol or
calcium. N. Eng. § Med. 1992; 326: 357-62.

Ensminger WD, Rosowsky A, Raso V er al. A clinical—
pharmacological evaluation of hepatic arterial infusions of
5-fluoro-2 deoxyuridine and 5-fluorouracil. Cancer Res.
1978; 38: 3784-92.

Breedis C,Young G. The blood supply of neoplasms in the
liver. Am. . Pathol. 1954; 30: 969-85.

Lien WM, Ackerman NB. The blood supply of experi-
mental liver metastases II. A microcirculatory study of the
normal and tumour vessels of the liver with the use of per-
fused silicone rubber. Surgery 1970; 68: 334-40.

Ridge JA, Bading JR, Gelbard AS, Benua RS, Daly JM.
Perfusion of colorectal hepatic metastases. Relative distri-
bution of flow from the hepatic artery and portal vein.
Cancer 1987; 59: 1547-53.



