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1.0- 1.5 mg/ml appears ideal in this respect; a igher concentration was recom-
mended for metastatic liver cancer and renal cell carcinoma of 1.3- 1.5 mg,;/ml. For
cholangiocarcinoma and pancreanc cancer, a concentration of 1.2-1.3 mg/ml can

be recommended (15, 27)

342
Use of NO-Releasing Agents

The second method we developed recently 1s the use of nitroglycerin omntment
{42 Nuroglycenin has been used for treating angina pectons or cardiac mfarct in
humans for more than 100 years. Both tumor tissue and infarct cardiac tissues show
Jow oxygen tension (pO;). Nitroglveenn s known to be absorbed from the skin
rapidly and enter the general arculaton effectively within 5 mun. In the hypoxic
tissue (where fow pQ; 15 prevalent) NO, is liberated from nitroglycerin and nitnite
(NO, ) 1s further reduced to NO® (Figure 3.13a),
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Figure 3.13 Another method to augment the £PR effect in
tumor !mavmg mice. {a) Convers:on of nitrogiycern to ni
tnte 10 NO in the tumor (b} Enhanced drug delivery to the
tumaor at different timepoints. {c) Effect of the dose of nitro-
glycenn on the EPR effect measured after 6 h of treatment of

glycerin omtment on the <kin {42)
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It ds aintnguing that this process occurs more selectively i humor tissues, such
as seen in the infarct cardiac tissue when compared to normal tissues. As stated
above, NO s one of the major factors that facilitates the EPR effect [16-20, 29
42, 43|, and hence it will trigger vascular Jeakage and thus enhance mumor delivery
(2- to 3-fold) (Figure 3.13b and ¢) (42| Consequently, nitroglycenn apphcation
angmented the EPR effect in rodent tumors and hence the therapeutic effect was
also augmented in all four experimental tumor models (S-180, colon 38, Meth A,
and chemcal 7.12-dimethylbenzjajanthracene-anduced rat tumors).

More importantly, this account was vahdated by Yasuda et gl and Graham et al.
even with commonly used anticancer agents in human patients [44 -46). It is also
surprising that both mouse and human data showed that nitroglycenn alone has a
tumor-suppressive effect that 1s as good as a single anticancer agent alone without
nitroglycerin.

3143
Use of Other Vascular Modulators

I terms of modulation of the EPR effect by use of vascular mediators, we have pre-
viously demonstrated enhancement of the EPR effect by angiotensin H<onverting
enzyme (ACE) mhibitors such as enalapnl. As a result of the analogy in the anuno
acud sequence of angrotensin 1 and bradykinin, the ACF inhibitor alse blocks the
degradation of bradykinin. This means that by admumstrating the ACE intubitor,
the concentration of bradykimin at the tumor site will remain hagher because of
suppressed degradanion of bradykinin, This account is briefly desenbed by Noguch)
etul |47] demonstrating that the increased tumor delivery of even a monoclonal
anttbody was about 2-fold higher when enalapnl and angiotensin 1 were combined.

We also examined the prostaglandin |, agomst. sodium beraprost, in order to
enhance the EPR effect. Namely, sodium beraprost gaiven orally has a much longer
plasma halflife than parental prostaglandin 1, and can induce tumor-selective
enhanced drug delivery (48]

Very recently, we tound CO (gas) 15 2 mediator of EPR effect. CO (carbon mono
oxide), together with biliverden and Fe’ | are generated by heme oxygenase using
heme and oxygen as substrates. Therefore, induction of heme oxygenase by such
as hemin {49), UV irradiation, reactive oxygen speaies as well as NO (50) can be
used as enhancer of EPR effect (49),

35
PEG Dilemma: Stealth Effect and Anti-PEC IgM Antibody

As more PEGylated macromolecular drugs are explored, it has been realized in
recent years that cellular uptake of PEGylated nanoparticles 1s not as efhicient as
one wished for, although PEGylated particles can reach the tumor site selectively
by the EPR effect (e.g., (51, 52)). The reason is that the hydrated barner of the
surface of PEGylated partucles impedes contact of the PEGylated particle to the
cell surface receptors, which can result in lesseefheient cellular uptake of the
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PEGylated nanoparticles, This s now reterred 1o as the "PEG dilemma [53. 94]
To overcame this problem, Hurashima and others recently (53, 54] proposed to
select a shorter chain of PEG or proteolytically cleavable type of bonds between
PEG chains and eftector molecules for drug delivery. We also reported that PEG
linked via an ester bond was mote preferred over PEG chains bound through an
amide bond {55571 Alternatively, different types of polymers (e.g. SMA) have
heen proposed thit exhibit improved cellular uptake [57)

Another problem related to PEGylated drugs as pointed out by Ishida et al [57)
15 a rapid clearance from the crculating blood, which becomes apparent when a
PEGylated drug is impected, not at the first time, but at subsequent mjections after
47 days of the first ingection. They identihed PEG-specihic IgM antibodies being
tormed, which 1s a cause for the rapid elimination from plasma where the igM
antibody complexed with PEGylated drug is cleared by the liver or macraphages [57)

3.6
Concluding Remarks

1t s now well known that solid timoe hissue has extensive angogenesis with
pronounced vascular permeability enhancement (EPR effect), albet some part
of the tumor mass may extnbit hypovasculur properties ar necrotic mass. Thus,
tumors may exhibit an inconsistent EPR effect when tumors become Larger in size
and exhibit a dimimished vascular permeability effect The bological importance
of the enhanced vascular permeability 15 primarily to suppaort the nutrihonal and
oxypen supply to rapidly growing tumor cells

Heterogeneity of the EPR effect, however, poses a problem in drug delivery that
exploits the EPR effect. In this chapter, | have descnibed basic aspects of the EPR
ettect and 1ts heterogeneity, foltowed by methods of angmenting drag debvery in
tumors with a decreased FPR eftect in order to overcome this drawhack in relation
to passive targeting. Namely, one method to enhance the EPR effect s to utilize
angiotensin Hinduced hypertension. Some chinal successes using this method
were desenibed. Another method is to use the NO generator, nitroglyeerin, 1t was
found that nitroglycerin can aflect hypoxic tumor tissue more sclectively than
normal tissues or argans, similar to the cardiac tissue of pectons angina Both
these methods exhibit significantly improved drug delivery and therapeatic etfects

Our carher finding regarding the EPR effect of macromolecular drugs m
wombination with hpd particles could archieve by tar the most tumorselective
delivery using arterial infusion into the tumor-feeding artery. Namely, the drug
level of tumor 1o blood ratio 1s greater than 2000 |24}, and no other method 15 more
unversally and selectively unique to tumor tissue Theretore, there s no reason
not to utilize turther strategies of augmenting the EPR etlect in order to achieve
an amproved tumorselective drug delivery. Methods such as the use of ACE
inhibitors, mitroglycerin, or sodium beraprost, and HO-1 inducer (hermin) ot even
angrotensin Hnduced hypertension are simple. Another important aspect of the
EPR effect s its sustained drug retention and release in the tumor tissue. Thus,
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the use of macromolecular drugs and enhancers of the EPR effect undoubtedly
warrants further cinical study  Considening the potential beneht and the great
numbers of sutfering patents, neghgence or unwillingness 1o adapt such safe and
inexpensive therapeutic options 1 a frustrating reality
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Liver Tumor Targeting
Kotrin Hochdorffer, Giuseppina Di Steforo, Hiroshi Maeda, and Fein Kratz

47
Introduction

Liver cancers or hepatic cancers develop trom liver tissue (primary liver cancer),
in contrast to liver metastases that are formed by cancer cells migrating from
other organs to the liver {secondary liver cancer). There are three types of primary
liver cancer cholangiocaranoma, hepatoblastoma (which accurs predominantly
in childhood). and hepatocellular carcinoma (HCC), which all differ regarding
thear cause, symptams, diagnosis, and treatment. Due to the frequency of HCC
(approximately 80%). this malignant discase will be discussed in detml in this
chapter [1].

4711
Epidemiology and Incidence of HCC

Currently, HCC 15 the hfth most common mahgnant tsmor in the world, The
geographic distribution of the inaidence of HCC as shown in Figure 47.11s vanable
and increases in developed countries (2] The HCC inaidence vanes from less than
10 cases per 100000 persons per year in Western countries to 50-150 cases per
100000 people per year i parts of Africa and Asia {3, 4] The Amencan Cancer
Saciety expected that in the United States the number of new cases of hiver cancer
would reach around 24 120 and predictable mornalities for liver cancer around
18930 for both sexes 1 the year 2010 /5]

Apart from chronwe hepatitis B, C, and D virus infections, the highest HCC
nisk factor in Western countnies s alcohol-induced liver disease, Other nisk factors
incliude duabetes mellitus, nonalcoholic steatohepantis, and obesity for males. HCC
prevalence 1s more than twice as high in men as in women. Patients with chronic
liver disease. i particular hiver cirrhosis, have an increased risk of developing
HCC. The HCC nsk also correlates with the evology, duration. and activity of
the underlying liver disease. In general, the highest HCC risks pertain to patients
with chronic hepantis B or C virus wath hereditary hemochromatosis or alcoholic
toxic liver cirrhosis [6]. Patients with hiver crrhosis caused by a primary biliary

firay Delicery in Omecdoqny Froen Basa Rararck o Caner Theeam. Farst Edition
Fduted by Felix Kratz, Peter Sentrr and Henning Stembagen
€ 2012 Wiee VOH Verlag GmbH & Co KGaA Paiblzshed 2007 by Whdey VO Verlag GrnbiE & Co KGaA
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473 Prechimcal Development of Mepatotrops Orug Delvery Syitenn

to summary, L HSA -DOX 15 a promusing lactosaninated albumin compugate
of DOX that has pronounced antitumor actvity snan autochthonons bver tumor
model v effective agarnst all turms of HOCs and has a very tavorable toaoty

protile due to low levels in extrabepatic tissues

47321 SMANCS: A Conjugate of Poly(Styrene-co-Maleic Acid) and the Antitumor
Agent Neocarzinostatin
Neocarzinostatin (NCSE s g macromolecslar chromopeotein ot o hughly potent
bicvehie dienedivne antibiotic (as shown in Figure 47 16) bound hghtly and non
covalently with hugh atbmty (Ky - 100" M) to w Vb ammno-aad apoprotern The
chramaophore s a very patent and labde DNA-damaging agent and s protected
and refeaved fram the apoprotein to interact with its tatget DNA Operung of the
epaide utder redustive conditions present i cancer celis leads oo deradical
intetmediate through o Bergman oyvdhization and eventually doublestrand DNA
cleavage [148]

he magor himitations of NCS are it great touaity (primanly bone miarrow
suppression) and its very fast dearance rate. Thus e order to anprove the
pharmacohinetc proble o teduce the systemie tonaty as well as the tumor
tirgeting properties, polystyeenc o male aad) (SMA) was conjugated o NCS by
couphing amino groups of the apoprotemn o the malew anhydode groups of the
alternating copolviner of SMA (bigure 47 17) (146, 147

e to a3 considerably imcteased hpophibioty. SMANCS exhubits bigh athnuty to
a hiped contrast agent (Dhipradoly. and thus a ipd formulation. SMANCN; Lipudol
way used i cical practice wherte anontraattenal roate ob admyrastoation gave
the best prechinal and chirncal results (146153

I prechincal models by anfusing o bpd contrast agent sach as Lipradel
with without the polermeric antuwances drug SMANCS via the tumos teeding arternial
toute. Liprodol s very effectvely taken up by the tumore  149) As an cxample the
results of treatinent with SMANCS 10 bver tumoe moded in rabints are shown i
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Figure 47 18a-d, in which VX-2 papilloma cells (around 2 - 10) were unplanted
i subcapsular parenchyma of the left antenor lobe ot the rabbit hiver 1151]. In
Figure 47 183 -d, soft X-ravs of the hver with large size tumors are shown atter
SMANCS/Lipiodol (0.1 myg/0 1ml) was injected mto the proper hepatic artery. All
liver tumors show signihicant tumaor selective uptake of Liprodol as white stams
that were retained for more than 7 days, whereas no dear uptake in the normal
iiver parenchyma was noted after day 3 [151] Quaniitation ot radicacuve Liprodol
imndicated that tumor selectivity over other normal organs or tissues was mose than

H0O-fold [149], and the ratio of vssue drug concentration of the turmor/blood was

Flguw 4718 (4} (d) Soft X.ray him images wwer tumaor (VX 2) by SMANCS Lipiodol
of shiced liver with expenimentally implanted ri rabbit Tumar cells (VX 2) were inocu
VX 2 tumar obtained after artenal injectio lated via the portal vewrn of rabbas (n 1]
of SMANCS /Liprodol (01 mg 01 mi) (a) per group) and SMANCS was injected

1S rmun after anjection, (b) after | day. () n the same day via the same toute (@)
after 3 days, and (d) after 7 days Note at SMANCS/Liprodol (0 4 mp 04 mil kg), ()
1Smun in (a) and day | in (b) Liprodol s SMANCS in 8% glucose (04 mg 04 mil kg)
Uil retamed in the vascular bed, which prad and (g) contr . with vehucte O 4 mi saline
ually disappeared after a few days, as shown ynly Bar 1 em All livers were re

n {c), day 3 One day after the intrg-artenial moved 12 days after drug nection The
mpection, Lipiodol 14 atll retained in nor SMANCS/Liprodal group showed no tu
mal pareachyrna slthough modal 14 muare maotr nadules in 44% of tested rabbds In

eatly seen in the tumaor rnodules By days 3 contrast, th

» majonty of the livers of the

and tumor staiming became more distingt  control group (no drug) showed more
as Liprodol was cleared by the lymphatic than 00 tumaore nodules /rabbnt in S8%
system 1 the mormal tissue in contrast to 100 nodules in 90 a! the rabhaty

turnor (@) - (g) Suppressian of metastati {r 12} 1151
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about 2000. When such rabbit livers were examined at later tmepaoints, remarkable
differences of tumor grawth compared 1o the control group without drug were
seen (Figure 47 18e-g), where SMANCS/Lipiodol given via the proper hepatic
artery resulted in remarkable suppression of tumor growth. Even SMANCS alone
in 5% glucose (Figure 47.18f) showed significant effects when compared with the
untreated control group (Figure 47.18g).

Due to these promising results and subsequent toxicological studies, SMANCS
was investigated i climical tnals tor treanng panients with HCC (152, 1531 (see
Section 47.4). SMANCS/Lipiodol was approved i 1993 for the treatment of HCC
and marketed by Yamauchi Pharmaceutical (now Astellas Pharma)

4733
Development of Nanoparticles for Treating Liver Tumors

Promunent examples of drug-encapsulated nanoparticles are Doxorubiain Trans.
drug and a PBCA - mutoxantrone nanoparticle. A DOX-loaded PIHCA nanoparticie,
also known as Doxorubicin Transdrug, was determined inin vitro and in vivo stud-
1es, and later in chincal tnals, The results of the i vitro data were promising due to
the high antitumor ethcacy on HCC of PIHCA - DOX versus free-DOX as control
These nanoparticles can bypass the multidrug resistance (MDR) phenotype, which
15 responsible for the chemoresistance of HCC [154) They showed pronusing
antitumor efhcacy in prechinical tumor models and Doxorubicin Transdrug was
subsequently studied in chnical tnals for regional therapy of hiver tumors (see
Section 47.4).

A further nanoparticle - a PBCA nanoparticle loaded with mitoxantrone (dihy-
droxvanthracenedione (DHAD)), an antineoplastic agent used in the treatment of
vanous forms of cancer - showed promising results in a phase I clinical trial in
the treatment of patients with unresected HCC (see below).

In contrast, in a phase | chimcal tnal in patents with refractory solid tumor a
nanoparticle with the same polymer (Le.. a DOX-Joaded PIHCA nanoparticle) was
unsuccessful due to side-effects such as allergic reactions, tever, and bone pain [481,

47331 Doxorubicin Transdrug

PIHCA nanoparticles, which are known to bypass MDR, were loaded wath DOX
(PIHCA - DOX) and tested m i witro and in wwvo studies. The 50% inhibitory
concentration (1Cy) of PIHCA - DOX and DOX was determuned in different human
hepatoma cell hines, and the resulty showed higher cytotoxiaty of PIHCA - DOX
versus DOX. Conversely. unloaded PIHCA nanoparticles and DOX that were
admimstered together did not increase the chemosensitivity /antiturmor property of
tfree-DOX. Consequently, the antitumor efficacy of PIHCA -DOX was due to the
encapsulatton of DOX into PIHCA nanoparticles (49)

The antitumor ethcacy was determined i 1o i a transgenic munne model.
I a fiest study the maximum tolerated dose (MTD) was found to be 9 mg/kg and
this value was used for administration to transgenic mice. Four groups of trans.
gente mice were intravenously admurustered with one injection of PIHCA-DOX
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be much shorter (less than 1 month) due to a higher and more selective drug
accumulation (see Section 1.4, Figure 3.11 and 3.12, and Figure 47273, c and ¢}

A postmarketing survey of SMANCS therapy for HCC in about 4000 cases was
published as summarized tn Table 47.5 [163]. 1t is seen that the drug caused very
few serious adverse effects even in the advanced stages of HCC and vet a good
therapeutic response was documented.

The effect on metastatic liver cancer is also encouraging when SMANCS/
Lipiodol is infused into the tumorfeeding artery under angiotensin 1l-induced
high blood pressure {e.g.. 110 < 150 mmHg) [162]. The therapeutic efficacy of
SMANCS/Lipiodol injected similarly into the tumorfeeding antery is also promis.
ing for cancers of the lung and other difficultto-treat abdomimal tumers, such as
cancers of the kidney and pancreas [152, 160, 161], bile duct, and gallbladder [162].

Table 475 Adverse effects of intra-arterial SMANCS/Lipiodol
therapy i hepatarma patients {1683

Drermatological fexanthera) - .36
Nausen = 5.3
V@l‘!&hﬂg - 406"
Anorexia = int
Abdominal painjtransitory) a 551
Lover function
glutamyl exaleacetic transaminase  increased 216
slutarns] prruvic Transaminase et 1y
bilirubin 1= 15 mgsdh 145
Hypotenswon f o e g
Biood counts
©whine Blood celle decreased 018
increased Ry
polymurphoenuchear leukocyies decreased ans
snuresned 028
Plaelets desreaned 081
Renal function npaitest o
brdowad serea qutrogen Ancreased .41
Anaphylexs shock - .44
Rigor {ramsiony) » 4 K8
Chest pain {transitonyg - 0.0
Fever flow grade, 2-7 davs) o R0
Loreagtive protetn screased (o7
Ascites formation L
Basesd oni 3956 patients (by Yamauch: Phaemaceutical. PMS. 2004

e istars are potentiatly associatod with Bver disease suah o ves
cirrhionds per s, not necessary inducesd by the drag, SMANCS.



475 Conchusions and Perspestives lisss

Additional comments and precautions for artenal infusion of SMANCS /Lipiodol
in the arterial infuston into hepatic artery include:

+ Excessive and rapid infusion of SMANCS/Lipiodol will result in backlash fow
of injected drug into the gastroduodenal artery, which may cause gastric or
duodenal ulcer.

* The feeding artery of a individual tumor may be different from normal feeding
artery {e.g.. the normal feeding artery for hepatoma is the hepatic artery: for
lung cancer. the bronchial artery, etc.); however. frequently there are anomalous
vascular-feeding routes that may occur. from. such as, the costal, or even from
the renal arteries, or other branching in hepatoma.

« A continuous flow {push) using a syringe connected to the catheter should be
avoided: on the contrary, an intermittent push o avoid homeostasis, thrombus
formation, or shock should be applied that maintains normal blood flow after the
procedure. This method is not the embolization method.

= Do not try o Gl 2 large tumor completely at once, since a large tumor may
collapse under this treatment and extensive bleeding may result with a nsk of
causing complications.

* Angiotensin l-induced hypertension {e.g. 100 — 150 mmHg) will generally
result in an improved delivery of SMANCS/Lipiodel and other palymeric drugs
in general [162]

« Most adverse side-effects such as shock, which occurs every once in a while
in angiography. can be avoided by appropriate use of glucocorticoids {such as
betarnethasone) and/or antihistamines. Patients with iodine allergy should be
desensitized similarly by injection of a glucocorticoid 1 day before the procedure.
The prick test using microgram quantity of SMANCS/Lipiodol may be helpful to
predict allergic reaction.

415

Liver cancer, especially HCC, has become @ major global health problem and is
the fifth most commaon cancer worldwide. Since surgical or regional therapy with
anticancer agents is restricted to patients at an early tumor stage, there s an urgent
need to develop new therapeutic strategies for treating patients with advanced stages
of HCC and also multiple liver metastases, which are typically a result of breast,
esophageal, lung. stomach, or colorectal cancer. Since the RES, the EPR effect of
liver metastases as well as the expression of certain liver-associated receptors, such
as ASGPR. are prominent in the liver and liver tumors. tailor-made drug defivery
systems relying on passive as well as active targeting can be considered ideal for
improving the palliative and curative therapy of primary liver tumors and lver
metastases.

Examples of drug-polymer conjugates with HPMA or serum albumin bear-
ing galactose molecules and DOX bound though a cathepsin B-deavable or
acid-sensitive linker have shown impressive preclinical results. In addition, two
drug nanoparticles that are taken up by the RES of the liver have advanced to
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the clinic Dexorubicin Transdrug, 3 nanoparticle comprising PIHCA and DOX,
reached phase 1 studies. but further development is on hold due to lung toxicity. A
second nanoparticle with mitexantrone encapsulated in PBCA showed promising
activity in a phase 11 trial in the treatment of patients with unresected HCC with
an overall increase in survival of around 2.2 moaths compared 1o the mitoxantrone
cantrol arm.

The most successful dnig~polymer conjugate for treating HCC to date is
SMANCS - a conjugste of two synthetic copolymers of SMA and the highly potent
chromoprotein NCS that has been approved for the meatment of HCC in Japan
since 1993, SMANCS s admunistered via the hepatic artery dissolved in Lipiodol,
3 lipid contrast agent. and has meanwhile demonstrated convincing antitumor
activity in thousands of patients. Indeed. because a drug-polymer conjugate is
applied combined with a contrast agent Lipiodol. an ethyl ester of lodinated poppy
seed oil that allows X-ray detection of liver tumor nodules. SMANCS /Lipiodol can
be viewed as a first successful clinical application of a theranostic approach.

For the future, i the era of nanomedicine it can be expected that the development
of numerous polymer- or lipid-based nanoparticles with or withou! targeting ligands
will be intensively pursued that target liver tumors with the aim of improving the
therapeutic options for reating patients with primary and secondary liver tumors.

in addition, a global phase [ HEAT study with ThermoDox, & heat-sensitive
liposomal formmulation of DOX, is being conducting under a Special Protocol
Assessment with the FDA. Six hundred patients will be assessed in this clinical
trial warldwide, The antitumor efhicacy of ThermoDox in combination with RFA
will be compared to patients who receive RFA as a control.
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