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Abstract

Tumor-targeting is becoming more and more important
for cancer chemotherapy. Though many molecular-target
drugs have been developed in the past two decades
which shed some light on targeted tumor therapy,
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clinical results of those molecular-target drugs are not
so encouraging especially for solid tumors, problems
mostly relating to the heterogeneity and mutations of
target molecules in human solid tumors. More general
tumor-targeting strategy is thus anticipated. In this
regard, the enhanced permeability and retention (EPR)
effect which is a unique phenomenon of solid tumors
based on the anatomical and pathophysiological nature
of tumor blood vessels, is receiving more and more
attentions. This EPR effect now served as a standard
for tumor-targeted macromolecular anticancer therapy,
namely nanomedicine. Many nanoplatforms have
been developed as targeted drug delivery systems,
including liposome, polymeric micelles, polymer conju-
gate, nanoparticles. Ample macromolecular drugs
are now approved for clinical use or in clinical stage
development, all of which by taking advantage of EPR
effect, show superior /n vivo pharmacokinetics and
remarkable tumor selectivity, resulting in improved
antitumor effects with less adverse effects. We thus
believe EPR-based nanomedicine will be a solution for
cancer in the future, whereas further consideration
of factors involved in EPR effect and strategies to
augment/improve EPR effect are warranted.

Key words: Enhanced permeability and retention
effect; Tumor targeting; Nanomedicine; Cancer;
Chemotherapy; Polymeric therapeutics; Macromolecular
drugs

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Current cancer chemotherapy is less effective
with adverse side effects, mostly due to lack of
tumor-selectivity. Thus tumor-targeting is known the
key for successful chemotherapy. Molecular-target
therapy is such a strategy but the clinical results are
disappointing probably due to the diversity of cancer-
related molecules and enormous mutations. A more
general tumor-targeting strategy is based on the unique

June 9, 2015 | Volume 4 | Issue 2 |
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physiophathological and anatomical features of solid
tumors - enhanced permeability and retention (EPR)
effect. Accordingly nanomedicine has been developed,
with promising therapeutic potential and very less side
effects. We thus believe EPR-based nanomedicine will
be a solution for cancer in the future.

Fang J. Enhanced permeability and retention effect based
nanomedicine, a solution for cancer. World J Pharmacol 2015; 4(2):
168-171 Available from: URL: http://www.wjgnet.com/2220-3192/

full/v4/i2/168.htm DOI: http://dx.doi.org/10.5497/wjp.v4.12.168

INTRODUCTION

Cancer remains the major threat to human health in
most advanced countries in the world. While surgical
removal is effective to small and confined early-stage
tumors, use of anticancer drugs (chemotherapy) is
a less invasive option for cancer patients. Though
there is more than 70-year history of chemotherapy,
the clinical results of conventional chemotherapy is
far from successful. The major problem is the lack
of tumor selectivity of conventional anticancer drugs
which are mostly small molecular drugs, namely non-
selective delivery of cytotoxic drugs to normal vital
organs and tissues results in less antitumor effect and
severe adverse side effects. Thus, it is an urgent need
to develop therapeutic strategies to selectively target
tumors.

Development of molecular-target drugs is a re-
markable progress in the past two decades, which
usually focuses on specific genes or molecules that are
highly expressed in tumors and essential for tumor
growth. A successful example is imatinib, an inhibitor
of the BCR/ABL oncogene product, which shows high
efficacy in patients with chronic myeloid leukemia
(CML) though it is not curative!!. However, many recent
clinical results using those molecular-target drugs
are disappointing especially for solid tumors®?. The
problems probably relate to the intrinsic heterogeneity
and mutations of cancer-related molecules in human
solid tumors'*®!, Namely, in most solid tumors, multiple
mutated genes (10 to > 100) exist™®, different cells
have distinct genetic lesions even in the same tumor™,
and the critical mutation is not always clear. Thus
such a highly specific molecular approach seems to be
premature or imperfect, not mentioning the toxic effects
as well as enormous and inappropriate expense of these
drugs.

A more general tumor-targeting strategy is focusing
on the unique anatomical and pathophysiological
features of solid tumors leading to high vascular perme-
ability (Table 1, Figure 1), which facilitates delivery of
macromolecules (i.e., larger than 40 kDa) selectively
into tumor tissues but with very less distribution in
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Table 1 Unique characteristics and factors involved in

enhanced permeability and retention effect

Active angiogenesis and high vascular density
Extensive production of vascular mediators that facilitate extraravasation
Bradykinin
Nitric oxide
Vascular permeability factor/vascular endothelial growth factor
Prostaglandins
Collagenase (matrix metalloproteinases, or MMPs)
Peroxynitrite
Defective vascular architecture, for example, lack of smooth muscle
layer cells, lack of or fewer receptors for angiotensin II, large gap
in endothelial cell-cell junctions, anomalous conformation of tumor
vasculature (e.g., branching or stretching)
Impaired lymphatic clearance of macromolecules and lipids from
interstitial tissue (— prolonged retention of these substances)

normal tissues'. This phenomenon is coined enhanced

permeability and retention (EPR) effect that was first
reported by Matsumura and Maeda in 1986", and is
now considered a landmark principle in the development
of anticancer drugs.

In this concept of EPR based tumor-targeted therapy,
nanotechnology is introduced in cancer chemotherapy,
namely nanomedicine. Many nanoplatforms have been
developed as targeted drug delivery systems, including
liposome, polymeric micelles, polymer conjugate,
nanoparticles. For example, Doxil, a PEGylated lipo-
some formulation of doxorubicin, is an FDA approved
drug for the treatment of Kaposi sarcoma and other
cancers. Other clinically used nanomedicine includes
DaunoXome (nonpegylated liposomal daunorubicin),
DepoCyt (nonpegylated liposomal cytarabine), Myocet
(nonpegylated liposomal doxorubicin), Oncaspar
(pegylated L-asparaginase), Abraxane (albumin-based
paclitaxel), and Genexol-PM (paclitaxel-containing
polymeric micelles, approved in South Korea). Much
more liposome, polymeric or micellar drugs are in
clinical stage development®®, All these macromolecular
drugs, by taking advantage of EPR effect, show superior
in vivo pharmacokinetics and remarkable tumor
selectivity, resulting in improved antitumor effects with
less adverse effects™®?.,

It should be noted that EPR effect is the first and
necessary step for successful anticancer chemotherapy,
however many factors are involved in EPR effect, by
which the EPR based tumor drug delivery could be
further augmented, such as angiotensin II induced
hypertension, nitroglycerin/nitric oxide, carbon mono-
xide'®*®. Combination of these factors with macromo-
lecular drugs may become useful strategies for more
effective antitumor nanomedicine. In addition, another
important issue for satisfied nanomedicine is the fate of
nano-drugs after accumulation in tumor tissues by EPR
effect. The ideal condition is the active drug component
in nano-drugs should be released gradually in tumor
tissues, otherwise the intact nano-drugs will show
less antitumor effect tough they accumulate in tumor
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Tumor tissue

Normal blood vessel —— Tumor blood vesse

Y 2 k!
', Nanomedicine
Normal cell
4B Cancer cell
| AN J

Figure 1 Abnormal characteristics and factors of solid tumors that influence the enhanced permeability and retention effect. Graphical image is from ref.[14]
with permission. NO: Nitric oxide; BK: Bradykinin; CO: Carbon monoxide; CKs: Cytokines; VEGF: Vascular endothelial growth factor.

with high concentration!'!l, One successful strategy

regarding this issue is the utilization of the acidic pH (e.g.,
6.5-6.7) of tumors. Maeda et al'*” recently reported
a tumor environment/pH responsive poly(N-(2-hydro-
xypropyl)methacrylamide) conjugated pirarubicin
(P-THP), which behaves as polymeric conjugate/
micelle in circulation, but liberates free THP in acidic
tumor environment, resulting a remarkable antitumor
effect™. This P-THP therapy was also translated into
clinic successfully; in a patient with advanced prostate
cancer with multiple lung metastasis, P-THP treatment
resulted in complete remission of metastatic tumor
nodules in the lung, with significantly decreased levels
of prostate specific antigen (PSA, from 1472 ng/mL to
0.067 ng/mL); no severe side effects were observed
and no evidence of disease relapse has been recorded
for 12 mo since the administration of P-THP (unpublished
data).

Another issue should be addressed is that, EPR
effect is the phenomenon of blood vessels, so it may
varies depending on the patient/tumor’s pathological
characteristics and conditions. Namely tumors with less
blood vessels, e.g., pancreatic cancer, always show less
EPR effect. The EPR effect is heterogeneous even in
a single tumor nodule. Thus further augmentation of
EPR effect is important or necessary for treating such
tumors, which could be achieved by modulating the
vascular mediators in tumor such as using angiotensin
1I, nitric oxide/nitroglycerin, angiotensin II converting
enzyme inhibitor and carbon monoxide, all of which
increase EPR effect by 2-10 times and some of them
(i.e., angiotensin II) were proven in clinic®%*>,

EPR effect is now becoming the “gold standard” for
design and development of cancer drug, we believe
EPR-based nanomedicine that is becoming a promising
paradigm of anticancer strategy, will be a solution for
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cancer in the future.
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Abstract

While survival rates for patients with childhood cancers
have substantially improved, the quality of life of the
survivors is often adversely impacted by the residual
effects of chemo and radiation therapy. Because of
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the existing metabolic and physiological disparities
between pediatric and adult patients, the treatment
of pediatric cancer patients poses special challenges
to oncologists. While numerous clinical trials being
conducted, to improve treatment outcomes for pediatric
cancer patients, new approaches are required to increase
the efficacy and to minimize the drug related toxic side
effects. Nanotechnology is a potentially effective tool
to overcome barriers to effective cancer therapeutics
including poor bioavailability and non-specific targeting.
Among the nano-delivery approaches, lipoprotein
based formulations have shown particularly strong
promise to improve cancer therapeutics. The present
article describes the challenges faced in the treatment
of pediatric cancers and reviews the potential of
lipoprotein-based therapeutics for these malignancies.

Key words: Drug delivery; Lipoprotein; Nanoparticles;
Pediatric cancers; High density lipoprotein
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Core tip: While survival rates for patients with childhood
cancers have improved, the quality of life of survivors
is often adversely impacted by the residual effects of
therapy. Consequently, hew approaches will be required
to increase the efficacy and to minimize the drug
related toxic side effects of pediatric cancer therapy.
Nanotechnology is a potentially effective tool to improve
cancer chemotherapy via enhanced bioavailability
and specific targeting. Lipoprotein based formulations
have shown particularly strong promise to improve
cancer therapeutics. The present article describes
the challenges faced in the treatment of pediatric
cancers and reviews the potential of lipoprotein-based
therapeutics for these malignancies.

Sabnis N, Bowman WP, Lacko AG. Lipoprotein based drug
delivery: Potential for pediatric cancer applications. World J
Pharmacol 2015; 4(2): 172-179 Available from: URL: http://
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INTRODUCTION

Although cancer is the leading cause of death in
children above 1 year of age in Europe and the Unites
States, more than 80% of the children diagnosed
with cancer are expected to survive, subsequent to
treatment, though 40% will suffer through adulthood
from the long term consequences of the treatment
administered during childhood™?. While advances in the
chemotherapy of pediatric malignancies have produced
major improvements in survival over the last several
years, treatment-related side effects remain a major
concern.

The recently developed nanotechnology-based drug
delivery vehicles (nano-DDVs) are directed toward
overcoming the shortcomings of the currently employed
chemotherapeutic agents, including poor solubility,
limited bioavailability and inadequate stability™®.
Additionally most of these nano DD systems target
specific sites by either passive or active transport
mechanisms”*® and thus minimize the systemic expo-
sure of normal tissues to the drug. Nanotechnology has
also been shown to improve localized drug delivery by
selective administration routes in order to overcome
anatomical or physiological barriers, such as the
blood brain barrier in the central nervous system™ ™,
Currently available treatment modalities for pediatric
malignancies involve chemotherapy, surgery, radiation,
bone marrow transplant and immune based therapy.
These treatments are often accompanied by short and
long-term side effects, resulting in deterioration of
physiological functions among the survivors that impact
the quality of life well into adulthood™®. While current
therapeutic approaches have markedly improved the
prognosis for survival of pediatric cancer patients, a
significant portion of childhood malignancies remain
resistant to current regimens, leading to progressive
disease and death™. Hence there is an urgent need to
develop novel therapeutic strategies for pediatric cancers,
in addition to reducing the residual toxicities. This review
aims to focus on the challenges involved in treating
pediatric cancers and the potential for overcoming
these barriers via nanotechnology in general, utilizing
lipoprotein based nano DDV in particular.

PEDIATRIC CANCERS ARE DIFFERENT
FROM ADULT CANCERS

Pediatric cancers are different from adult malignancies
because they often originate from cellular populations
that have not completed the process of terminal
differentiation!***®, Childhood cancers are often the
result of genetic changes that take place very early in
life, sometimes even before birth. Unlike many cancers
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in adults, childhood cancers are thus not strongly linked
to lifestyle or environmental risk factors. Accordingly,
children are very rarely diagnosed with ovarian, breast,
colon or lung carcinomas that frequently occur in adults.
Although childhood cancers are often more aggressive
and remain undetected until an advanced stage is
reached, due to the advances in therapeutics over
past decades pediatric cancers tend to be more easily
curable than adult cancers. The most common cancers
diagnosed in children are given in Table 1.

According to the Surveillance, Epidemiology, and
End Results (SEER) Program of the National Cancer
Institute a 5-year relative survival rate for all cancers
combined has increased from 61.7% in 1975-1977
to 81.4% in 1999-2006, among children from 0 to 19
years of age (NCI SEERS 2010)**®. Between 1975 and
2007 the mortality rates for non-Hodgkin lymphoma
decreased by 75% followed by 60% reduction in
mortality statistics for acute lymphoblastic leukemia
(ALL) and acute myeloid leukemia (AML)™”.

As a result, non-Hodgkin lymphomas and ALL are
now among the most curable childhood cancers. These
improvements in the prognoses of selected malignancies
can be attributed to the improved risk assessment,
supportive care, the development of new drugs directed
at specific targets and most importantly, enroliment of
large numbers of patients in well-designed prospective
clinical trials. However, the survival rates for children
with other solid tumors, including most bone and soft
tissue sarcomas and brain tumors have not improved
as dramatically over past four decades.

THERAPEUTIC CHALLENGES IN
PEDIATRIC ONCOLOGY

The differences between the metabolic capacity, drug
bio-distribution, organ function and absorption in
response to drug therapy of children and that of adults
are well known™?, In addition, pediatric patients are
less likely to have underlying health related issues as
compared to adult populations undergoing treatment.
The developmental changes profoundly affect the
responses of children to medications and to related
therapies™. All these factors affect the way in which
treatment modalities are designed and applied to
pediatric populations.

Designing formulations for pediatric patients is
often complex because this age group is further sub-
divided into different groups, based on differences
in biology and metabolic capacity. These groupings
represent preterm newborn infants, term newborn
infants (0-27 d), infants and toddlers (28 d-23 mo),
preschool children (2-5 years), school children (6-11
years) and adolescents (12-18 years)™®!. Each sub-
category displays different biochemical functions and
capabilities"*** while the level of cognitive development
may also impact the effectiveness of drug formulations
for cancer therapy'®. Because most pediatric cancers
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Table 1 Frequently encountered pediatric malignancies'*’

Type of cancer

Definition/characteristics

% Incidence

2005

Leukemia Leukemia is cancer of the body's blood-forming tissues, including the bone marrow and the 34
lymphatic system
Brain and central nervous system tumors ~ Normal cells in the brain or the spinal cord change and grow uncontrollably, forming a mass 23
Neuroblastoma It is a neuroendocrine tumor, most frequently originating in one of the adrenal glands, in 7
addition to nerve tissues in the neck, chest, abdomen, or pelvis

Wilm's tumor or nephroblastoma Cancer of kidney that occurs in children 5
Lymphoma Blood cell tumor that develops from lymphocytes 12
(Hodgkins and Non-Hodgkins)
Rhabdomyosarcoma Cancer of soft tissues where the cancer cells originate from skeletal muscle progenitor 8
Bone cancer Osteosarcoma and Ewing's sarcoma are the most common malignancies of bone 4
Germ cell tumors Germ cells tumors typically emerge from gonads but may also originate in other parts of the N/A

body, while arising from embryonic germ cell "rests"

N/ A: Statistics not available.

are rare; hence sample size is often a major concern
regarding the design and performance of clinical trials.

Clinical trials involving pediatric patients are further
restricted by the hesitancy of ethical review committees
toward drug trials in children and the reluctance of
pharmaceutical companies to invest in these costly
ventures in view of the limited children’s pharmaceutical
market. Another challenge faced by pediatric oncolo-
gists while designing clinical trials, is determining the
appropriate dosages of a drug for administration,
especially as they apply to combination therapy. Even
though the mechanism of action and the effective dose
of most drugs in adults are known, a linear dose-per-kg
correlation may not be appropriate for small children.
Kearns et a/®” reviewed key maturational changes
that account for differences in drug metabolism and
disposition of drug formulations in pediatric populations
vs those in adults. Gastric emptying time, gastric
and duodenal pH, intestinal transit time, secretion
and activity of bile and pancreatic fluid, bacterial
colonization and transporters, such as P-glycoprotein
(P-gp) are important factors for drug absorption®",
whereas key factors explaining differences in drug
distribution between the pediatric population and
adults are organ size, membrane permeability, plasma
protein concentration and characteristics, endogenous
substances in plasma, total body and extracellular
water, fat content, regional blood flow and transporters
such as P-gp, which is present not only in the gut, but
also in liver, kidney, brain and other tissues®.

Cancer therapeutics via nano drug delivery vehicle
(DDV) is an emerging field that is yet to be fully
investigated in children. The toxicological aspects of the
exposure to nanoparticles will need to be thoroughly
assessed to establish their safety for children, before the
application of these formulations in pediatric oncology.
These challenges notwithstanding, the application of
nano DDVs in cancer therapeutics represents one of
the most promising and rapidly expanding approaches
based on the number of research reports and clinical
trials in progress. Consequently, it is likely that, in due
time, nano DDVs will be broadly applied in pediatric
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Nanomedicine based therapeutics in children

The multiple advantageous features of nano DDVs,
including high payload capacity, favorable biodistribution
and pharmacokinetic profiles make them ideal candi-
dates. Another advantage of most nano DDVs is their
multimodal loading capability. The surface or core of
the DDV may be loaded with multiple agents, so that
treatment and monitoring of treatment via imaging can
occur simultaneously (theranostics). Metals, chelators
and/or radioisotopes may be included for CT and
MRI or PET/SPECT imaging or in vivo imaging™ ",
The ease of tracking nano DDVs in vivo, presents a
unique opportunity for monitoring drug distribution on
a patient by patient basis to determine whether drug
accumulation is sufficient for a desirable therapeutic
effect.

The potential of using nanomedicine to improve the
diagnosis and the treatment of pediatric cancers has
been extensively documented™®>?. Several biologically
based formulations have been applied in the form of
nano DDVs™*?® (including cross-linked liposomes, lipids,
chitosan, lactic acid conjugates, etc.”***) and chemical
constructs (including polymer based, dendrimers, flo
dots, quantum dots, ceramic, metal based, etc.).

As a result of research and development in nano
DDV over past decade, several nano DDV formulations
already made their way to the market including poly-
mer-based poly(lactide-co-glycolide) nanocarriers,
liposomes and abraxane®*”, However, all of these
formulations are designated for use in adults. Similar
formulations are currently in different phases of clinical
trials in pediatric populations (Table 2); however, none
has reached the clinic yet.

LIPOPROTEIN BASED NANO DDVS

An ideal DDV is expected to have excellent loading
capacity, therapeutic shielding, biocompatibility and
selective targeting capability. An effective DDV formu-
lation should also be able to accommodate multimodal
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Table 2 Drug delivery formulations currently undergoing clinical trials for pediatric cancers

FDA approved Drug Phase of Type of cancer Ref.
Formulations pediatric
clinical trial
Abraxane Paclitaxel Preclinical Rhabdomyosarcoma [30]
Osteosarcoma
Neuroblastoma
Nab paclitaxel Paclitaxel =~ Phase I and II Rhabdomyosarcoma, neuroblastoma [41]
Doxil Doxorubicin  Phase I and 1T Refractory or recurrent [31]
Rhabdomyosarcoma, Neuroblastoma, Pontine glioma
DaunoXome Daunorubicin ~ Phase III AIDS related Kaposi Sarcoma, pediatric in acute myloid leukemia refractory/ [32]
relapsed
L-Annamycin L-Annamycin Phase | Acute lymphocytic and acute myloid Leukemia [42]
Depocyte Cytarabine Phase | Acute lymphocytic leukemia [43]
(liposomalformulation) Recurrent brain tumor [44]
Marquibo Vincristine Phase | Sarcoma [45]
sulfate Phase II Neuroblastoma
CPX 351 Cytarabine Phase I Relapsed leukemia or lymphoma [46]
and
daunorubicin

FDA: United States Food and Drug Administration.

anti-cancer and /or contrast agents (for tumor imaging)
and exhibit minimum undesirable side reactions by
avoiding interactions with off target sites. Lipoprotein-
inspired DDVs possess most of these desirable features
and thus represent a promising platform for pediatric
cancer therapeutics™*%,

Lipoproteins are natural transport vehicles for shut-
tling lipids and lipophilic molecules in an aqueous milieu
to organs of the body in mammals®". Although there
are several classes of lipoproteins differing in size,
buoyant density and the constituent apolipoproteins
present, they exhibit common chemical characteris-
tics that include a hydrophobic core surrounded by
an amphiphilic shell of a phospholipid/cholesterol
monolayer and several apolipoproteins. There are four
major classes of lipoproteins present in the human/
mammalian circulation (Figure 1), including chylomicron
(75-1000 nm/ApoB-48), very low density lipoprotein
(30-80 nm/ApoB-1000), low density lipoprotein (LDL)
(18-25 nm/ApoB-100) and high density lipoprotein
(HDL) (5-12 nm/ApoA-], A-l, -E and -C)"*"****!, Due to
their unique structural/functional properties lipoproteins
are considered an excellent model DDVs for transporting
and delivering chemotherapeutic agents™”’.

Lipoprotein DDVs may be artificially assembled in
different ways to transport drugs or imaging agents to
desired sites™**, Depending on the chemical nature
of the payload and the method of formulation these
DDVs may be loaded either by covalent modification of
the phospholipid or protein component, intercalation of
the agent into phospholipid or encapsulation into the
hydrophobic core of the DDVI*7**),

Drug delivery via LDL and HDL receptors: Carci-
nogenesis is a multifaceted process that involves
immense reorganization of signaling pathways, gen-
etic information, structural constituents and energy
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metabolism of the cell®®*”), As a result, cancer

cells exhibit markedly elevated metabolic/energy
requirements to sustain the tumor proliferation and
migration functions™®. These changes are induced
and facilitated by mutating growth factor receptors
resulting in constitutive signaling to key metabolic
pathways®”**), In addition to basic nutrients, cancer
cells have an excessive need for many other substances
including cholesterol for membrane biogenesis™”. One
of the mechanisms that cancer cells use to meet this
requirement is by over-expressing the LDL and HDL
lipoprotein receptors™®®*!. Drug delivery strategies
have been developed using both LDL and HDL receptor
targeting DDVs'®®"! as well as liposome DDVs modified
by LDL receptor ligands!®®®!. The drug carrying
reconstituted HDL (rHDL) nanoparticles targeted to
Scavenger receptor B-1 (SR-B1) function as a “magic
bullet” and enhance the therapeutic efficacy of the
enclosed drugs toward malignant tumors'®. The
over-expression of the SR-B1 receptor in malignant
tissues has the potential to facilitate the enhanced
selective delivery of anti-cancer agents to tumors
thus providing a marked improvement of the current
chemotherapy regimens, including the limiting of off-
target toxicity™>®,

Why use the rHDL nanoparticles for drug delivery of
anti-cancer drugs in pediatric oncology?

While numerous studies employed liposomes to produce
improved solubility and bioavailability of anti-cancer
agents, due to their small size, rHDL nanoparticles
accrue substantial additional therapeutic benefits
(Figure 1) via their enhanced capability to penetrate
the tumor microenvironment, including its vasculature
and stroma. This is anticipated to be a major advantage
when treating pediatric cancers since these tumors are
often associated with stroma. The rHDL DDVs have

June 9, 2015 | Volume 4 | Issue 2 |



Sabnis N et a/. Lipoprotein based drug delivery

Apolipoprotein A Apolipoprotein B

Figure 1 Size and density distribution of lipoproteins.

HDL: High density lipoprotein; IDL: Intermediate density
lipoprotein; VLDL: Very low density lipoprotein; LDL: Low

density lipoprotein.
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been evaluated regarding their efficacy and capacity
to perform targeted delivery of cancer drugs®®>""., In
addition, the rHDL DDVs are comprised of endogenous
biocompatible ingredients that have already been
injected into human subjects during cholesterol meta-
bolism trials’",

Due to their structural similarity to their natural
counterparts, rHDLs effectively avoid recognition by
the reticuloendothelial system that clears foreign
substances, and thus fail to trigger immune responses
in contrast to other synthetic DDVs including lipo-
somes!?, Additional advantages of the rHDL DDVs
include extended retention time in circulation, stability
and cytoplasmic drug delivery to circumvent drug
resistance that may develop during chemotherapy.
Also lesser amounts of drug are likely to be required for
achieving the same cytotoxic effect compared with the
drug used in its free form™”), Although these advantages
of lipoprotein based nano DDV could be beneficial
to all types of cancer patients, pediatric patients are
anticipated to benefit the most by the extended safety,
long drug retention time and enhanced therapeutic
efficacy.

Our laboratory has focused on studies of targeted
drug delivery, including optimization of the rHDL
nanoparticle via attachment of targeting molecules.
Mooberry et al® have shown that the uptake of
paclitaxel by ovarian cancer cells from rHDL DDVs could
thus be substantially enhanced by covalently attaching
a folic acid residue to the apolipoprotein component
of the nanoparticle. Similarly, Parker et al’* exploited
the overexpression of folate receptors in tumor cells by
conjugating folic acid to the apolipoprotein B component
of an LDL-like DDV and thus specifically targeted drugs,
transported by the lipoprotein vehicle. These studies
suggest that lipoprotein DDVs could be specifically
functionalized for targeting surface antigens (includ-
ing receptors) that are overexpressed by malignant
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tumors“®®’, Overall, as described above, lipoproteins
possess many desirable characteristics that enable
them to serve as natural or synthetic drug transporters.
While lipoproteins were proposed as efficient DDVs over
thirty years ago, perhaps surprisingly, no lipoprotein
formulation has so far been approved for clinical
application to date. The recent upsurge in interest
to develop lipoprotein DDVs will perhaps spawn the
needed energy and investment to fully take advantage
of this robust, natural drug carrier for therapeutic
purposes in general and pediatric formulations in
particular.

FUTURE PERSPECTIVE FOR PEDIATRIC
CANCER CHEMOTHERAPY

Conventional cancer chemotherapy has traditionally
been associated with undesirable side effects that are
especially troublesome during the treatment of pediatric
patients. Researchers have drawn attention to the
multidimensional benefits of lipoprotein based DDVs
including their biocompatibility and stability that enable
them to minimize these side effects via specifically
targeting malignant cells and tumors while avoiding
normal tissues'*®***%>”] Several clinical studies have
demonstrated that HDL-type formulations have been
safely administered to human subjects”®7®. Selection
of patients for rHDL driven chemotherapy could be
based on the SR-B1 expression levels of each specific
tumor involved; thus, provide a new bio-marker for
eventual personalized therapy. There are numerous
additional membrane proteins which could be used
as targets for functionalized rHDL. This feature of
rerouting DDVs from their endogenous receptors and
steering them to specific sites””"! could further enhance
the potential of the rHDL nanoparticles to facilitate the
development of a robust personalized therapy regimen
for pediatric cancers. Despite the major advances in
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pediatric cancer research, there are several malignancies
afflicting children that remain resistant to therapy. In
addition, extension of 5 year survival or even producing
permanent remission is often accompanied by harmful
long lasting and debilitating side effects in pediatric
cancer patients. Perhaps improved treatment modalities
developed via novel nanoparticle formulations and
specifically involving lipoprotein type carriers will provide
the needed tools to overcome the current barriers to
successful pediatric cancer therapy.
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Abstract

Pancreatic ductal adenocarcinoma is an aggressive
and devastating disease associated with poor survival
outcomes. Even though significant advances have been
made towards understanding the intricate pathology
of this cancer, several important aspects remain
unknown. Recently, key genetic mutations within the
tumour have been identified, but the exact role they
play in tumourigenesis has yet to be determined.
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For many years, the micro-tumour environment and
stroma was thought to aid proliferation but there is now
emerging research that suggests the contrary. Several
novel targeted agents in pre-clinical and early clinical
studies have been promising but it remains to be seen
whether they will have a significant impact on patient
outcomes. In this review we discuss the unique nature
of pancreatic cancer biology, current treatment options
and summarise the latest results from pre-clinical and
clinical research. We also discuss the future strategies
that are needed to improve outcomes for this disease.

Key words: Pancreatic cancer; Adenocarcinoma; Targ-
eted therapy; Genomics; Stroma; KRAS; Chemotherapy

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic ductal adenocarcinoma is a cancer
with several significant genetic aberrations that have
recently been identified by international research
efforts. Despite these findings, standard therapy for
advanced disease consists primarily of chemotherapy.
In the last few years two new chemotherapy regimens,
FOLFIRINOX and Gemcitabine/Nab-paclitaxel, have
demonstrated survival benefits in large phase III trials
resulting in a change to current practise. However,
the advent of targeted treatments has not yet had a
significant impact in this disease compared with other
malignancies. Current research strategies include
developing therapies directed towards the RAS-RAK-
MEK pathway, PI3K-AKT-mTOR pathway, notch pathway
and immunotherapies to name but a few, with several
clinical trials underway. It is likely that the hetero-
geneous nature of pancreatic cancer necessitates
a more personalised approach to management with
targeted treatment guided by predictive biomarkers.

Thillai K, Sarker D, Ross P. Progress in pancreatic cancer
therapeutics: The potential to exploit molecular targets. World

June 9, 2015 | Volume 4 | Issue 2 |



J Pharmacol 2015; 4(2): 180-192 Available from: URL: http://
www.wjgnet.com/2220-3192/full/v4/i2/180.htm DOI: http://
dx.doi.org/10.5497/wjp.v4.i2.180

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the 5™
leading cause of cancer related mortality worldwide.
Despite significant research efforts, 5-year survival for
all stages remains stagnant at 3%-5%!"?, More than
80% of patients present with inoperable or advanced
disease, so there remains an urgent need for more
effective systemic treatments!®. Although newer com-
bination chemotherapy regimens offer improved sur-
vival outcomes, therapeutic options are limited and
do not fully exploit the unique biology of the disease.
To date no predictive or prognostic biomarker has
been validated for use. This review will discuss current
management and emerging therapeutic concepts.

THE MOLECULAR BIOLOGY OF PDAC

Pancreatic cancer is a genetic disease, the biology
of which is both intricate and highly heterogeneous.
Several extensive genomic studies have confirmed that
the development of PDAC results from several complex
genetic aberrations with mutations in both oncogenes
and tumour suppressor genest, The progression
from the pre-malignant dysplastic cellular transforma-
tions to the final development of PDAC is associated
with increasing mutational changes, confirming the
importance of such genetic variations in cancer develo-
pment. Nearly all pancreatic cancers harbour a KRAS
mutation and the majority are also associated with
inactivation of CDKN2a/INK4a, TP53 and DPC4/
SMaD4"”), Several groups have aimed to accurately
depict the genomics of PDAC with each reporting
numerous activating mutations. Importantly, there was
heterogeneity amongst the different pancreatic tumours
with several key pathways responsible for cancer
progression differing between patient samples’”’. Clonal
mutations found in metastatic lesions were identified
in primary cancers but due to the unstable genetic
nature of PDAC, these initial mutations continued to
evolve resulting in heterogeneity amongst the different
metastatic deposits in the same patient. This complex
genetic landscape results in an aggressive pathology,
often refractory to treatment resulting in poor survival
outcomes.

A recent addition to the understanding of PDAC
comes from recent studies that have identified a
group of pancreatic cancer cells that display stem cell
properties™®]. These cells appear to have the ability
of self-renewal and asymmetric division. Preliminary
data suggests that patients with tumours containing
cancer stem cells (CSCs) are associated with poorer
overall survival (OS). The identification of CSCs and the
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signalling pathways that they regulate, has led to newer
therapeutic targets such as WnT, Hedgehog and Notch.
Further research is needed to see whether these can
be successfully exploited to produce meaningful clinical
outcomes.

Despite promising pre-clinical studies, several
chemotherapeutics and targeted agents have failed
to reproduce positive results in patients (Table 1).
One explanation for this relates to the complex micro-
tumour environment that surrounds the cancer cells and
the difficulties replicating this /n-vitro. A significant bulk
of the pancreatic tumour comprises not of malignant
cells but of the encompassing dense fibrotic stromal
matrix®®’. This micro-tumour environment results from
the extensive desmoplastic reaction seen in PDAC and
consists of an abundant extracellular matrix, pancreatic
stellate cells, fibroblasts, immune cells, inflammatory
cells and vasculature all of which were previously
thought to aid proliferation, invasion and metastatic
spread whilst also preventing adequate drug delivery
leading to chemotherapy-resistance!**%. The success of
nab-paclitaxel (as discussed later) appear to manipulate
the distinct characteristics of the stroma for therapeutic
benefit™.

However recent emerging research using genetically
modified mouse models suggest that depletion of the
stroma (by genetic or pharmacological targeting of
the Hedgehog"® pathway) results in an unexpected
increase in tumour vascularity and proliferation, thereby
resulting in more aggressive tumours with reduced
survival™. Furthermore, transgenic mice with the ability
to delete aSMA™ myofibroblasts in pancreatic cancer also
demonstrated reduced survivall®. Both studies suggest
that rather than a promoter of cancer growth, the
stroma (or at least part of it) may paradoxically act to
suppress proliferation and angiogenesis thus targeting
the stroma should be performed with caution. An
intricate and crucial part of PDAC, further research into
the stroma is needed in order to exploit its presence for
therapeutic benefit.

CHEMOTHERAPY

Until recently the standard treatment for inoperable or
metastatic disease was with the nucleoside analogue
gemcitabine. This was based on the results of a phase
III trial in 1997 of 126 patients with advanced PDAC.
Patients were randomised to receive gemcitabine
(gemcitabine 1000 mg/m* weekly x 7 followed by 1
wk of rest, then weekly x 3 every 4 wk thereafter),
or to fluorouracil (5-FU) (600 mg/m” once weekly)!.
Both arms continued treatment until progression or
unacceptable toxicities and the primary end point was
clinical benefit, measured using a combined score
of pain, performance status (PS) and weight loss.
Clinical benefit response was experienced by 23.8% of
gemcitabine-treated patients compared with 4.8% of
5-FU-treated patients (P = 0.0022). There was also a
modest survival benefit with gemcitabine with a 12-mo
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Table 1 Phase III trials with gemcitabine combination chemotherapy regimens

Date Target Ref. Sample size () Treatment OS (mo) P value
published
2001 MMP Bramhall et al™” 414 Marimastat and Gem vs Gem 5.4 0.95
5.4
2004 FT Van Cutsem et al® 688 Tipifarnib and Gem vs Gem + Placebo 5.9 0.75
6.3
2009 EGFR Moore et al®" 569 Erlotinib and Gem vs Gem 6.2 0.038
59
2008 EGFR/VEGF Van Cutsem et al® 301 Gem, Erlotinib and Bevacizumab 7.1 0.2087
vs Gem, Erlotinib and Placebo 6.0
2010 VEGF Kindler et al®” 535 Gem and Bevacizumab 5.8 0.95
vs Gem and Placebo 5.9
2010 EGFR Philip et al” 745 Gem vs Gem and cetuximab 59 0.23
6.3
2011 VEGF Kindler ef al™ 630 Axitinib and Gem vs Gem 8.5 0.54
8.3
2012 VEGF, BRAF, PDGFR-B Gongalves et al™ 104 Sorafenib and Gem vs Gem 8.0 0.23
9.2

Gem: Gemcitabine; OS: Overall survival; MMP: Matrix metalloproteinase; FT: Farnesyl transferase; EGFR: Epidermal growth factor receptor; VEGEF:

Vascular endothelial growth factor; PDGFR-B: Platelet derived growth factor receptor-B.

Table 2 Phase III trials with targeted treatment in metastatic pancreatic cancer

Date published Regimen Ref. Sample size (17) Median OS (mo) P value

2001 Gem vs Gem + 5FU Berlin et al™®! 322 5.4 0.09
6.7

2004 Gem vs Gem + Irinotecan Rocha Lima e al™ 360 6.6 0.789
6.3

2005 Gem vs GemOx Louvet ef al™* 326 7.1 0.13
9.0

2007 Gem vs Gem + cape Herrmann et al"* 319 7.2 0.234
8.4

2006 Gem vs Gem + Irinotecan Stathopoulos et al"”) 145 6.4 0.970
6.5

2006 Gem vs Gem + Cisplatin Heinemann ef al™™ 195 6.0 0.15
75

Gem: Gemcitabine; 5FU: 5-Fluoruracil; GemOx: Gemcitabine + Oxaliplatin; cape: Capecitabine.

survival of 18% vs 2% (P = 0.0025) with a median OS
of 5.6 m for patients treated with gemcitabine and 4.4
mo for those with 5-FU. Treatment was well tolerated
and gemcitabine became standard treatment for
inoperable and advanced disease.

Numerous clinical trials with various chemotherapy
agents combined with gemcitabine ensued (Table 2)
and following several disappointing outcomes, the
majority of preclinical work focused on developing new
targeted treatments. However, the most significant
advances in PDAC management were with two new
chemotherapy combinations that have recently demon-
strated benefits over gemcitabine in large phase III
trials and thus changed current practise. The combined
treatment of oxaliplatin, irinotecan, leucovorin and
fluorouracil (FOLFIRINOX) was associated with a
median OS of 11.1 mo compared with 6.8 mo in
patients treated with gemcitabine alone (HR for death
0.57, 95%CI: 0.45-0.73, P < 0.001)?*?!, This phase II
trial of 342 patients with PS 0 or 1 also demonstrated
increases in median progression free survival (PFS) (6.4
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m vs 3.3 m, P < 0.001) and objective response rate
(ORR) (31.6 vs 9.4, P < 0.001)). Approved for use in
first line metastatic disease, in practise this regimen
is generally reserved for patients with an excellent
performance status as unsurprisingly, toxicity was also
significantly increased with this 3-drug combination.
More recently a phase III trial compared combined nab-
paclitaxel and gemcitabine with gemcitabine alone in
patients with metastatic disease'”. Median OS was 8.5
mo with the combination chemotherapy and 6.7 mo
with gemcitabine (95%CI: 0.62-0.83, P < 0.001). ORR
was significantly increased at 23% vs 7% (P < 0.001),
leading to interest in the potential use as a means of
down staging locally advanced disease. A further pre-
specified sub-group analysis concluded that baseline
Karnofsky score (KS), presence of liver metastases,
age and number of metastatic sites were independent
prognostic factors for OS and PFS'**!. Common adverse
events of grade 3 or higher included neutropenia (38%
in nab-paclitaxel and gemcitabine arm and 27% in
the gemcitabine arm), fatigue (17% and 7%) and
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neuropathy (17% and 1%). Nab-paclitaxel is a colloidal
suspension of 130 nm particles homogenised in human
serum albumin that is bound to paclitaxel. Pancreatic
cancers are known to overexpress Secreted protein
acidic and rich in cysteine (SPARC) and nab-paclitaxel
improves efficacy via SPARC-albumin binding™". Pre-
clinical models have confirmed that SPARC overex-
pression in the stroma promotes cell invasion and
metastatic spread. Higher levels of SPARC appeared to
correlate with improved survival in the original phase
I/1I trial of gemcitabine and nab-paclitaxel (mOS was
17.8 m in the high SPARC group compared with 8.1 m
in the low SPARC group, P = 0.431). Further research
is needed to confirm whether SPARC has the potential
to be used as a predictive marker. The recently reported
results from a prospective randomised adjuvant study
have also suggested the prognostic significance of over-
expressed SPARC in patients undergoing resection with
curative intent. Disease free survival (DFS) was 7.4
mo in patients with higher levels of SPARC compared
to 12.1 m in those with lower levels (P = 0.041) and
0S was 14.1 and 25.6 m respectively (P = 0.011)%>*,
Without a direct head- to -head trial of both combination
chemotherapy regimens, it is difficult to ascertain
whether FOLFIRINOX or gemcitabine and nab-paclitaxel
is superior and both are now standard practise. How-
ever single agent gemcitabine remains treatment
of choice for those patients that are not suitable for
combination therapy.

RAS-RAF-MEK PATHWAY

Approximately 30% of all patients with solid malig-
nancies have tumours that exhibit oncogenic Ras
mutations™”. In PDAC this figure is much higher as an
excess of 95% have a small GTPase KRAS mutation
resulting in a dominant activated form. These mutations
cause the protein to be constitutively activated, which
leads to aberrant down-stream signalling and increased
proliferation™®. Following the discovery of the Ras
family, a concerted effort was made to develop agents
that could block mutated Ras function with little success.

As KRAS requires binding to the plasma membrane
via farnesylation or geranylgeranylation in order to
become activated, several farnesyltransferase inhibitors
(FFIs) have been developed but have proved ineffective
in clinical trials. Two phase 1I trials using FFIs were
negativeand a randomised doubled blind phase III
trial of 688 patients comparing gemcitabine with or
without the FFI tipifarnib, demonstrated no significant
survival benefit in the combination arm compared with
standard treatment™>Y, A further study demonstrated
that binding of mammalian PDEJ to KRAS using small
molecule inhibitors can suppress oncogenic RAS signa-
lling by virtue of selective binding to the prenyl-binding
pocket of PDE® and in PDAC cell lines resulted in
reduced cell proliferation®. Other approaches include
the development of small molecules that target son of
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sevenless (SOS) mediated nucleotide exchange and
subsequently target KRAS®* and recently KRASG12C
inhibitors have demonstrated therapeutic potential by
allosterically allowing KRAS to favour GDP over GTPP*,
Another recent approach to targeting KRAS is by the
combined MEK/BCL-XL inhibition, a method developed
after identification in a pooled shRNA screen®. This
combination resulted in significant apoptosis in several
KRAS mutated cell lines.

A recent pre-clinical study demonstrated a novel
way of targeting KRAS in transgenic mouse models
using an siRNA delivery system (Local drug EluteR
or LODER)™®. This model capitalises on the effects of
siRNA and knockdown of KRAS, but via an innovative
platform of a controlled and prolonged delivery for
therapeutic benefit. The LODER against KRAS (siG12D
LODER) decreased KRAS levels in pancreatic cancer cell
lines resulting in reduced proliferation and epidermal-
mesenchymal transition. Within in-vivo models, the
growth of human pancreatic cancer cells was impaired
and mouse survival was increased compared to controls.
A phase 1 study in patients with locally advanced
disease treated with siG12D LODER is on-going™”},
and a further phase II study of siG12D LODER in
combination with chemotherapy plans to open early
next year®®. Whilst these results are promising in the
pursuit of an anti-KRAS therapy, it remains to be seen
whether this can be translated in to an efficacious
treatment in dlinical trials.

With the limited success of inhibiting Ras, efforts
have moved towards targeting downstream signalling
activity. There are two main pathways that have
been extensively interrogated, mitogen-activated
protein kinases (MAPK) and phosphoinositide 3 kinase
(PI3K) signalling (Figure 1). BRaf inhibitors, such as
vemurafenib, work downstream from Ras and have
had considerable success in Raf mutant tumours such
as melanoma. However, evidence now supports that
there is a paradoxical up regulation of MAPK signalling
when Raf is inhibited in KRAS mutated tumours™®. In
pancreatic cancer where Raf is wild type and Ras is
nearly always mutated, Raf inhibitors create feedback
activation of the MAPK signalling pathway therefore it
is likely that targeting downstream by MEK inhibition
will offer more promising results. Phase I/II clinical
trials of various MEK inhibitors in combination with
gemcitabine are currently underway following positive
pre dlinical work!***3, Results from a phase Ia trial of 60
patients treated with gemcitabine in combination with
the allosteric oral Mek1/2 inhibitor refametinib were
presented at ASCO 2104. The best result was partial
response in 35% of patients with median duration of
response at 3.8 mo (117 d 95%CI: 83-265). Time
to progression was 7.4 mo'***, KRAS mutations
were identified in 39 patients (65%) and the results
suggested a trend towards improved survival outcomes
in patients with KRAS wild type tumours. The OS for the
KRAS mutant subgroup was 6.6 mo compared with 18.2
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Figure 1 Simplified diagram of oncogenic tar-
gets in pancreatic cancer. The binding of ligands
(including VEGF, EGF, IGF-1 and HGF) to

X Hedgeho ) . ) ) .
VEGF EGFR IGF-1 HGF e receptors activates signalling pathways including
* v * * the PI3K-Akt and the Ras pathways affecting
=i downstream targets such as mTOR and MAPK.
_ -G 4 PTC1 ,SMO VEGF: Vascular endothelial growth factor; EGF:
RAS-GDP / Epidermal growth factor; IGF-1: Insulin growth like
factor-1; HGF: Hepatocyte growth factor; PI3K:
Y'S_ecretasﬁ' Phosphatidylinositide 3-kinases; mTOR: Mammalian
PI3K RfS-GTP target of rapamycin; RAS: Rat activated sarcoma;
i T’) _CD GDP: Guanosine diphosphate; GTP: Guanosine
RAF GL1 triphosphate; MAP: Mitogen activated kinase; CD:
AKT —— Cytoplasmic domain; PTC1: Patched; SMO: Smooth
— 1 CcSL muscle, GL1.
l MAP2K —
mTOR v
- MAPK J
Nucleus
mo (HR = 0.27). used anti-diabetic drug metformin is also known

PI3BK-MTOR PATHWAY

PI3K is an enzyme that lies downstream from RAS and
is responsible for the activation of AKT, which in turn
leads to activation of mammalian target of rapamycin
(mTOR) (Figure 1). In normal tissue the PI3K-AKT
pathway inhibits apoptosis and cell proliferation, thus
deregulation of this pathway leads to unregulated
cell™, Several PI3K inhibitors have been developed
and are currently being investigated in a number of
malignancies. Preliminary studies using transgenic
mice have demonstrated reduced pancreatic tumour
growth when PI3K is inhibited and therefore PI3K
remains a valid therapeutic target that warrants further
attention*®!, The dual PI3K/PDK inhibitor rigosertib,
has demonstrated safety and some efficacy when
combined with gemcitabine in pre-treated patients with
advanced disease®” and a phase III trial in combination
with chemotherapy is underway™*®.

mTOR has been identified as a critical effector in
cell signalling and the drug everolimus, an oral inhibitor
of mTOR, has had success against solid tumours such
as metastatic renal cell cancers and breast cancers,
but also in pancreatic neuroendocrine tumours™®*,
Preclinical studies showed that inhibition of the mTOR
pathway suppressed proliferation in pancreatic cancer
cell lines™, However in a phase II study of 33 patients
with gemcitabine refractory metastatic PDAC, there
were no complete or partial responses and median
PFS was 1.8 mo and OS was 4.5 mo™?. A phase 1 trial
combining gemcitabine with temsirolimus, another
mTOR inhibitor, resulted in significant toxicity without
any partial or complete responses. The commonly
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to inhibit mTOR and epidemiological studies have
linked metformin use with reduced risk of developing
malignancies®***. Metformin is now the focus of a
clinical trial and is being used in combination with
chemotherapy™. Novel agents that comprise of both
mTOR complex 1 and 2 inhibitors (mTORC1/2) have
shown promising efficacy in cancer cells in vitro. One
such agent, INK-128, led to pancreatic cancer cell
apoptosis and necrosis in vitro. Furthermore INK-128
resulted in increased sensitivity of pancreatic cancer
cells to gemcitabine suggesting potential benefit when
used in combination with chemotherapy™”’. Other
positive results have been reported with dual PI3K/
mTOR kinase inhibitors in vitro®™®. Recently inhibitors
against the p1105 isoform of PI3K demonstrated
inactivation of regulatory T cells leading to CD8"
cytotoxic cells and subsequent tumour regression in
murine models®. Despite limited results in clinical trials
thus far, recent pre-clinical efforts are more promising
and the PI3K/AKT/mTOR signalling cascade remains an
important pathway for future research.

EPIDERMAL GROWTH FACTOR

RECEPTOR

The epidermal growth factor receptor (EGFR) has also
emerged as an attractive therapeutic target for many
malignancies. EGFR is a member of the erbB/human
EGFR family of tyrosine kinases and when bound to a
ligand, a conformational change is induced leading to
dimerisation with other receptors®®. This results in the
activation of several cascades including the Ras/MAP
kinase pathway and the PI3K/Akt/mTOR pathway.
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Several small molecules have been developed that
block EGFR with varying degrees of success. The only
targeted drug to be approved for the management of
advanced PDAC so far is the tyrosine kinase inhibitor
(TKI) erlotinib when administered in combination
with gemcitabine. A phase III trial (PA.3) randomly
assigned 569 patients with advanced disease to receive
standard gemcitabine plus erlotinib (100 or 150 mg/d
orally) or placebo®. The trial was double blinded with
a primary end point of overall survival. The results
showed a modest but significant survival benefit in
the combination arm (6.24 m vs 5.91 m HR = 0.82,
95%CI: 0.69-0.99, P < 0.038), which led to FDA
approval. Although the benefits appeared to be small,
an unplanned retrospective subgroup analysis led the
authors to hypothesise that patients who developed a
skin rash on treatment experienced a higher disease
control rate. Patients that were younger than 65 (P =
0.1) and those with a good PS (P = 0.03) were more
likely to develop a rash. The median OS in patients with
agrade 0, 1 or 2 rash were 5.3 m, 5.8 mand 10.5 m
respectively with 1 year survival rates of 16%, 9% and
43% (P < 0.001). This was further assessed in a study
correlating rash and survival outcomes, by analysing
combined data from the PA.3 trial and a phase III trial
using erlotinib in advanced non-small cell lung cancer
(BR.21)%2%3 They found that the presence of grade
2 or higher rash correlated with improvements in PFS
and disease control. These findings were echoed in a
retrospective study of 174 patients that found that high-
severity rash was associated with longer OS'®*.,

However, molecular studies have not been able
to identify EGFR and KRAS mutations as predictive
biomarkers of survival benefit and no association
between KRAS mutation or EGFR gene copy number
with rash has been identified. Erlotinib in combination
with capecitabine has also been shown to have some
activity in gemcitabine refractory patients as evidenced
by a phase 1II trial combining capecitabine and erlotinib
in patients with advanced PDAC. The primary end point
was response and this was found to be 10% of all 30
patients with a median OS of 6.5 mo™.. A further phase
I trial comparing combined capecitabine and erlotinib
followed by gemcitabine on progression compared with
gemcitabine and erlotinib followed by capecitabine is
on-going™®.

An alternative anti EGFR TKI, gefitinib, demonstrated
anti-proliferative effects in the pre clinical setting and
this has translated to positive survival benefit in patients
with non small cell EGFR mutated lung cancer®®”.
Gefitinib combined with gemcitabine has been assessed
in a phase 1I trial of 53 patients with locally advanced or
metastatic PDAC. Patients were treated with gefitinib
(250 mg) once daily and gemcitabine at the standard
dose and schedule. 6 mo PFS was 30% with a median
PFS of 4.1 mo. The 1-year survival rate was measured
at 7.3 mo. Whilst these results were comparable to
the PA 3 trial, there has yet to be a randomised trial of
gefitinib to demonstrate significant benefit over single
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agent gemcitabine™®,

The anti-EGFR antibody cetuximab has shown
significant clinical activity in both colorectal cancers
and head and neck tumours in patients with wild
type KRAS™7%, Despite the majority of patients with
pancreatic cancer having KRAS mutations, preclinical
activity suggested that it might be a useful therapy
in advanced PDAC due to EGFR overexpression” ",
A phase I trial evaluated gemcitabine and cetuximab
in 41 treatment-naive patients stratified according
to EGFR expression using immunohistochemistry (4
patients were 1+, 20 patients were 2+ and 17 patient
were 3+)7*. Cetuximab was administered at a loading
dose of 400 mg/m’ followed by 250 mg/m’ weekly
and gemcitabine was administered 1000 mg/m?’
weekly for 7 wk and then 100 mg/m? every week for
three weeks followed by a week'’s rest. Five patients
achieved a partial response (12.5%) and 26 patients
(63.4%) had disease stability. Median TTP was 3.8 mo
and the median OS was 7.1 mo. Survival at 1 year
was 31.7%. Toxicities were as previously reported with
cetuximab chemotherapy combinations, most notably
rash (87.7%), nausea (61.0%), weight loss (58.5%)
and diarrhoea (53.7%). Despite the promising results
from this phase 1II trial, this was not reproduced in
2 phase III trials. The S0205 trial conducted by the
southwest oncology group (SWOG) reported that
in 766 patients treated with either gemcitabine or
gemcitabine plus cetuximab, there was no survival
benefit seen in the combination arm™. A further trial
combining gemcitabine and cisplatin with or without
the addition of cetuximab, recruited 40 patients. Seven
patients had a documented response in the antibody
arm compared to 5 in the control arm but again no
survival benefit was seen with cetuximab®. A further
negative phase II trial with gemcitabine and oxaliplatin
with the addition of cetuximab recruited 64 patients.
Patients received a combination of gemcitabine at 100
mg/m® on day 1 with oxaliplatin at 100 mg/m? on
day 2, every 2 wk. Cetuximab was administered at a
loading dose of 400 mg/m? followed by weekly dose
of 250 mg/m?®. Although well tolerated, the findings
(response rate 33%, median time to PFS 3.9 mo and
OS 7.1 mo) were not superior to previously seen
results using the chemotherapy combination alone'”.
The results of a phase II trial presented at ASCO 2013,
portrayed a significant survival benefit at 1 year with
gemcitabine combined with the anti-EGFR antibody
nimotuzumab compared to gemcitabine alone (34.4%
vs 19.5%, P = 0.034, HR = 0.69) and the combination
was well tolerated”. A phase II study of nimotuzumab
in pre-treated patients with advanced PDAC was also
encouraging and a randomised placebo controlled phase
IIb/Ia study comparing the combination of gemcita-
bine and nimotuzumab compared to gemcitabine and
placebo has recently closed to recruitment and the
results are awaited”®.

Although EGFR remains a critical receptor in pan-
creatic cell proliferation and metastatic spread, with
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the exception of the modest benefits seen in the PA3
trial, there have not been any positive results with
EGFR targeted therapy in large randomised trials.
Whilst monoclonal antibodies that target EGFR have
demonstrated efficacy in other solid tumours, its
distribution within pancreatic cancer cells is not well
known and may be an explanation for poor outcomes.
It is also possible that the optimum doses and methods
of drug delivery have not yet been elucidated. With
regards to erlotinib and gefitinib, the excellent results
that have been demonstrated in several large clinical
trials in lung cancer have not been reproduced in PDAC
and are likely due to the lack of activating mutations
seen in these tumours. There is not enough evidence to
suggest that even in those with an activating mutation,
this can predict response to anti-EGFR therapy. Thus
disappointingly expression or mutation of EGFR has
not emerged so far as a predictive or prognostic
biomarker”®®4, Unlike lung and colon tumours KRAS
mutation is not mutually exclusive with EGFR activa-
tion. Initiation of KRAS mutated PDAC appears to
be dependent on EGF activation and a recent study
reported that EGF inhibition has limited therapeutic
benefit in tumours with p53 inactivation®. The study
hypothesised that p53 loss might “reactivate” the
PI3K/AKT and the STAT pathway independent from EGF
activation suggesting EGFR inhibitors may only be of
clinical benefit in patients with p53 wild type tumours.

ANGIOGENIC THERAPY

Angiogenesis describes the process by which a
tumour initiates the formation of new vessels through
remodelling of existing vasculature®. Once the
“angiogenic switch” is initiated, the complex process
of new vessel formation begins and subsequently
plays a key role in tumour growth®®!, VEGF is vital to
angiogenesis and is therefore a potential target in many
tumour types with variable outcomes in clinical trials®.
Anti-VEGF antibodies have been used without much
success in pancreatic cancer. Bevacizumab, which offers
improved outcomes in colorectal and ovarian cancer, is
a monoclonal antibody that decreases the formation of
new blood vessels in vivo and improves drug delivery
to the cancer cell. A phase II trial of bevacizumab
and gemcitabine in patients with advanced PDAC,
demonstrated that in 52 patients, 19% had a partial
response and 48% had stable disease®. The median
0OS was 8.8 mo with a 6-mo survival of 77%. This led
to 2 phase III trials, both of which were disappointingly
negative. The CALGB 80303 study treated patients with
gemcitabine with or without bevacizumab®®, 602
patients were enrolled and both overall response rate
and 1 year survival outcomes failed to reach statistical
benefit in the combination arm. The AVITA trial, com-
paring the combination of gemcitabine and erlotinib
with the addition of bevacizumab was also negative!®.
Despite the changes in the vasculature seen in patients
treated with these drugs, no benefit has been shown
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when targeting VEGF and the exact mechanism of
failure remains unknown but is likely to be in part due
to the hypovascularity of the surrounding stroma!*!l.

IMMUNOTHERAPY

Interest in immunotherapy has had a recent resurgence
following the results of several positive clinical trials in
solid malignancies including melanoma and prostate
cancer®®”, Success has been more modest in pan-
creatic cancer although several newer agents remain
under investigation. Based on the understanding that
the innate immune system can distinguish between
cancer cells and “normal self”, exploitation of the
immune system has been a topic of research for several
decades. Not only do immune-deficient mice develop
malignancies, evidence has also shown that patients
with cancer develop B and T cells that can recognise
antigens released by pancreatic tumour cells. The
immune response created by the patient is invariably
unsuccessful at eliminating malignancy but this reaction
can be enhanced for therapeutic gain. Theoretically,
immunotherapy should be active in pancreatic cancer,
as the dense stroma is enriched with immune cells such
as T cell and macrophages.

A recent positive trial presented at the Gastroin-
testinal Cancers Symposium in 2014 demonstrated
significant survival benefit when combining two specific
anti-cancer vaccines compared with monotherapy. GVAX
is a vaccine made from 2 pancreatic cancer cell lines that
have been irradiated to secrete granulocyte-macrophage
colony-stimulating factor causing stimulation of the
immune system®". Administered intra-dermally after
low dose cyclophosphamide, it inhibits regulatory T
cells. CRS-207 is made of live-attenuated Listeria
monocytogenes engineered to stimulate an immune
response against a protein called mesothelin that is
expressed at high levels in pancreatic cancer cell lines.
This phase II trial compared the combination of CRS-207
and GVAX with GVAX alone with positive outcomes.
Ninety patients with pre-treated PDAC were randomly
assigned at a ratio of 2:1 to be treated with 2 dose of
CY/GVAX followed by 4 doses of CRS-207 or 6 doses of
CY/GVAX every three weeks. The primary end point was
OS with safety, clinical response and immune response
secondary. At the interim analysis median OS was 6.1
m with the combination treatment compared with 3.9 m
for GVAX therapy. (HR = 0.59, two sided Log Rank P =
0.03). One-year survival was doubled with combination
treatment (24% vs 12%). Following the encouraging
results from the interim analysis, crossover was allowed.
Toxicities included fevers, rigors and lymphopaenia, but
were minimal and were not cumulative. Several other
studies are due to open comparing combination CY/
GVAX and CRS-207 with chemotherapy in the second
line setting or in combination with immune checkpoint
inhibitors of programmed death 1 (PD1) and its ligand
PD-L1. PD1, which is a T-cell co-inhibitory receptor, and
PD-L1 have shown considerable responses in certain
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solid tumours including melanoma and lung cancers.
An international phase 1 study using the intravenous
anti-PD-L1 antibody treated 75 patients, 14 of whom
had pancreatic cancer. Objective responses were seen
in patients with non-small lung cancer, melanoma,
renal and ovarian cancer but not in those with PDAC??.
However there remains potential benefit with PD-1
in combination with other compounds. Recently the
effects of PD-1 immunosuppression were enhanced
when used in combination with chimeric antigen
reception (CAR) T-cell therapy in Her2 transgenic
mice. Further research with this combination is on
going. A phase 1 study combining the agonist CD40
monoclonal antibody (CP-870,893) in combination with
gemcitabine demonstrated tolerability and resulted in
4 out of 22 patients with advanced PDAC achieving a
partial response suggesting that further clinical trials are
warranted.

The results from a phase III trial assessing the
GV1001 vaccine, a promiscuous class II epitope vaccine,
recently reported no benefit when used in combination
with gemcitabine and capecitabine compared to
chemotherapy alone and was therefore terminated
early™. Several other immunological treatments remain
under review. The anti-CTLA4 antibody that has been
approved for use in melanoma, also demonstrated no
initial responders to therapy. However in this phase II
trial of 27 patients, 1 patient had a significant delayed
response’®”. Single agent ipilimumab has not been
taken forward to a phase III trial but its safety when
used in combination with gemcitabine is currently
being assessed in an early phase trial®.. As it has been
suggested that immunotherapy is most successful in the
absence of large disease burden, several clinical trials
are assessing immunotherapy in the post-operative
setting or as maintenance therapy following response to
chemotherapy.

HEDGEHOG INHIBITORS

The hedgehog (Hh) pathway has been identified
as another important signalling cascade in multiple
cancers suggesting its potential as a therapeutic target.
Two transmembrane proteins have been identified
that activate the Hh signalling pathway, the tumour
suppressor patched protein (PTCI) and smoothened
(SMO) an oncogenic protein®®®, Pre-clinical studies
have established that human pancreatic stellate
cells (as seen in the stroma) express high levels of
smoothened protein and low levels of Hh ligands unlike
the pancreatic cancer cells, which demonstrate the
converse expression pattern™'l. The majority of Hh
inhibitors that have been developed target SMO. In
transgenic Kras mutated mice the administration of a
Hh inhibitor IPI-926 depleted the surrounding stroma
enhancing the drug delivery of gemcitabine!™". A phase
Ib trial of IPI-926 in combination with gemcitabine
demonstrated acceptable tolerability in 16 patients
with untreated metastatic PDAC. Common AEs in-
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cluded fatigue, thrombocytopenia, anaemia, nausea,
diarrhoea, vomiting and dose reductions of IPI-926
were required in 3 patients. DR of gemcitabine occurred
in 11 patients. Five sixteenths (31%) had a radiological
response while median PFS was more than 7 mo with
74% patients alive after 6 mo of entry in to the study.
Whilst these results were promising, a phase 1II trial
was terminated early at the interim analysis as patients
in the combination arm experienced worse outcomes
than those on single agent gemcitabine®. These
disappointing results may be partly explained by the
results from recent pre-clinical studies suggesting the
importance of the stroma (as discussed earlier) where
depletion led to increased tumour growth!®",

However further research with Hh inhibitors are
on-going. A single-arm study with the Hh inhibitor
vismodegib combined with the chemotherapy regimen
gemcitabine and nab-paclitaxel, presented an interim
analysis at GI ASCO 2014". Eighty percent of the 59
patients treated had stable disease or better. Median
PFS was 5.5 mo and OS was 10 mo. Patient recruitment
is on-going and based on the preliminary results, the
final survival data is eagerly awaited.

CONCLUSION

The current prognosis for advanced PDAC remains poor,
highlighting the urgent need for more effective systemic
therapies. In order to develop targeted treatments and
improve outcomes, research efforts needs to focus on
three key areas; a greater understanding of the unique
biology of PDAC and the key signalling pathways,
comprehension of the unique desmoplastic reaction
and micro-tumour environment, and the development
of predictive and prognostic biomarkers. It may be
that the future of pancreatic cancer treatment will
see combining standard chemotherapy with targeted
treatments to achieve better outcomes. It is likely that
PDAC treatment will be dictated by the biology of the
individual tumour rather than the “one shoe fits all”
approach that is used today. The last few years have
seen significant results towards this in the pre-clinical
setting but it remains to be seen whether they can be
translated into meaningful clinical outcomes.
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Abstract

Advances in medical therapeutics have undoubtedly
contributed to health gains and increases in life
expectancy over the last century. However, there is
growing evidence to suggest that therapeutic decisions
in older patients are frequently suboptimal or potentially
inappropriate and often result in negative outcomes
such as adverse drug events, hospitalisation and
increased healthcare resource utilisation. Several factors
influence the appropriateness of medication selection
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in older patients including age-related changes in
pharmacokinetics and pharmacodynamics, high numbers
of concurrent medications, functional status and burden
of co-morbid illness. With ever-increasing therapeutic
options, escalating proportions of older patients world-
wide, and varying degrees of prescriber education in
geriatric pharmacotherapy, strategies to assist physicians
in choosing appropriate pharmacotherapy for older
patients may be helpful. In this paper, we describe
important age-related pharmacological changes as well
as the principal domains of prescribing appropriateness
in older people. We highlight common examples of drug-
drug and drug-disease interactions in older people. We
present a clinical case in which the appropriateness
of prescription medications is reviewed and corrective
strategies suggested. We also discuss various appro-
aches to optimising prescribing appropriateness in this
population including the use of explicit and implicit
prescribing appropriateness criteria, comprehensive
geriatric assessment, clinical pharmacist review, prescriber
education and computerized decision support tools.

Key words: Elderly; Inappropriate prescribing; Polyphar-
macy; Beers criteria; Screening Tool of Older Person’s
potentially inappropriate Prescriptions/Screening Tool to
Alert to Right Treatment; Adverse drug reactions

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this paper we discuss the challenges and
complexities of prescribing for older people. We describe
the important age-related changes in pharmacokinetics
and pharmacodynamics that influence prescribing
decisions and we highlight commonly encountered
examples of drug-drug and drug-disease interactions.
We present a detailed analysis of a complex clinical case
in which several instances of potentially inappropriate
prescribing exist and we suggest corrective actions.
We explore a range of strategies aimed at optimizing
prescribing appropriateness for older people including
prescribing criteria, comprehensive geriatric assessment,
clinical pharmacy interventions and computerized decision
supports.
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INTRODUCTION

Over the last century, there have been dramatic
increases in life expectancy owing largely to improve-
ments in living standards and advances in diagnostics,
pharmaceutical medicine and therapeutics. This is
reflected in worldwide changes in population demo-
graphics, with ever-increasing numbers of older people.
The United Nations define “older people” as being aged
60 years or older with the oldest old being 80 years
or older. In 1990, 9.2% of the world’s population was
aged at least 60 years old. In 2013, this proportion was
11.3% and by 2050, it is estimated that 21.2% of the
world’s population will be aged 60 years and over'™™.
The largest numbers of older adults currently reside in
developed countries, however by 2050 it is estimated
they will reside in developing countries. Presently
the older population is predominantly female with an
expected improvement in male mortality expected in
the coming years'.

Though increased longevity is to be celebrated,
it is well established that increasing age brings with
it an increase in the burden of co-morbidity and a
corresponding increase in the consumption of medica-
tions. Appropriate selection and prescription of curative
and preventative medicines is an essential element
of high quality healthcare for older people, who are
the greatest consumers of healthcare resources in
most developed nations'?, One in eight Americans
is aged over 65 years, but this small proportion of
the population consumes the greatest proportion of
prescription medications™. Similarly, older Europeans
consume over twice as many healthcare resources than
their younger counterparts®. In the United Kingdom
approximately one fifth of the population is aged over
65 years, but this group receives 45% of all dispensed
drugs®™. In Ireland, 11% of the population is over
65 years but account for up to 50% of medications
dispensed through its reimbursement service!. In
the United States approximately 30% of community-
dwelling older adults are regularly prescribed five or
more medications””). This number rises in hospitalized
older patients and in nursing home residents, perhaps
reflecting a greater disease burden.

It is estimated that older people consume appro-
ximately 40% of all over-the-counter (OTC) medications
sold in the United States'™. Concurrent use of OTC
medication with regular prescription medications places
patients at higher risk of adverse outcomes; one study
reported that 46% of older patients were concurrently
taking OTC medications with regular prescription
medications and 1 in 25 of these patients were at
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risk of significant drug interactions'). In addition,
there is emerging evidence that the consumption of
complementary and alternative medicines amongst
older adults is steadily increasing®. A recent study
showed a significant rise in the use of herbal remedies
in those aged = 65 years from 13.2% in 2002 to
19.5% in 2007"'%,

Prescribing for older patients with multiple chronic
illnesses, especially frailer older patients with cognitive
and functional impairments, presents many unique
challenges, particularly with respect to the following
variables: (1) polypharmacy; (2) altered pharma-
cokinetic and pharmacodynamic responses; (3) balan-
cing the risk of harm vs long term therapeutic benefit;
and (4) paucity of robust scientific evidence for use of
commonly prescribed medications in older, frail patients
with limited life expectancy.

Prescribers must be cognizant of important age-
related anatomical, biochemical and physiological
changes that affect drug pharmacokinetics, pharma-
codynamics and homeostatic mechanisms. They
must also be aware of the potential for interaction
with concurrently prescribed drugs and co-existing
disease states. Prescribers should have an appreciation
of the potentially low therapeutic yield in very frail
older patients with poor life expectancy where the
risk of certain treatments can exceed the potential
clinical benefit. These important tenets of appropriate
prescribing for older patients are briefly summarised
below.

Pharmacokinetics and ageing
The key pharmacokinetic changes commonly associ-
ated with ageing are summarized in Table 1. A more
detailed description follows. Drug absorption is
generally unaltered in healthy older people; however
certain conditions may affect the rate of drug absorption.
Drugs with anticholinergic effects may reduce saliva
secretion, thus impeding the rate, but not necessarily
the amount of drug absorbed through the oral mucosa,
e.g., buccal midazolam and sublingual nitrate. The
rate of absorption of subcutaneous, intramuscular and
transdermal medications can be affected by reduced
tissue perfusion. Conversely, prokinetic agents such
as domperidone or erythromycin can increase the
rate of delivery of an oral drug to its absorption site.
Reductions in small bowel active transport mechanisms
can affect the extent of absorption of iron and vitamin
B12. Intravenous absorption is generally not affected.
Plasma drug concentration is inversely related to its
volume of distribution (Vd), which in turn, is dependent
on the hydrophilic and lipophilic volumes in the body.
As people age, there is a reduction in muscle mass and
body water content with a proportionate increase in
body fat!'!l. Consequently, the Vd for hydrophilic drugs
(e.g., lithium) is reduced; this may result in toxicity
if drugs are not dose-adjusted. Lipophilic drugs (e.g.,
antipsychotic medications) have a higher Vd in older
people, and therefore have an increased elimination
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Table 1 Pharmacokinetics and ageing

| amount of saliva

1 gastric pH

| gastric acid secretion

1 gastric emptying time

| gastric surface area

| gastrointestinal motility

| active transport mechanisms
| cardiac output

1 peripheral vascular resistance
| renal blood flow

| hepatic blood flow

| body water

1 body fat tissue

| serum albumin levels

1 for lipid soluble and decrease for water soluble drugs
| microsomal hepatic oxidation
| clearance

1 steady state levels

1 half lives

1 levels of active metabolites

| first pass metabolism due to reduced | blood flow
| in renal perfusion

| in renal size

| in glomerular filtration rate

| tubular secretion

| in tubular reabsorption

Absorption

Distribution

Metabolic

Excretion

1: Increased; |: Reduced.

half-life, prolonged drug effect and accumulation with
continued use thus increasing the potential for toxicity
and adverse drug events (ADEs)™4,

Most drugs bind to protein (e.g., albumin and a-1
glycoprotein) when circulating in plasma compartments,
with only the unbound drug being pharmacologically
active. In healthy older people, changes in serum
albumin concentrations are minimal. In older people
with chronic illnesses and malnutrition, serum albumin
concentrations can be significantly reduced, leading to
a reduction in bound drug concentrations and higher
serum levels of free drug. This affects commonly
prescribed drugs such as sodium valproate, warfarin
and antipsychotics, thus increasing the potential for
drug toxicity and adversity in patients with diminished
circulating albumin. This is particularly relevant to frail,
older hospitalised patients.

Hepatic mass and perfusion declines with age,
thus reducing the liver’s capacity for first pass meta-
bolism?., Commonly prescribed drugs such as
verapamil, amitriptyline and morphine may have higher
bioavailability at standard doses in older people,
thus leading to greater potential for adverse effects
if not dose-adjusted. An example of this includes the
risk of first dose hypotension with antihypertensive
medications that have a high extraction ratio. This
ratio would be reduced in older patients thus leading to
greater bioavailability after hepatic extraction and thus
greater potential for significant first-dose hypotension,
so caution is needed when initiating antihypertensive
treatment in an older patient with respect to dose and
time of administration.
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Table 2 Common cytochrome P450 isoenzyme inhibitors

and inducers

Enzyme inhibitors Enzyme inducers

Amiodarone Carbamazepine
Allopurinol Ethanol
Cimetidine Isoniazid
Citalopram, sertraline Phenytoin
Ciprofloxacin Phenobarbital
Diltiazem, verapamil Rifampcin

Fluxetine, paroxetine St. Johns Wort
Erythromycin, clarithromycin

Fluconazole, ketoconazole

Omeprazole

Sulphonamides

Grapefruit Juice

Another important consideration is the possibility
of drugs interacting through inhibition and induction of
cytochrome p450 isoenzymes. Commonly encountered
enzyme inducers and inhibitors are detailed in Table 2.
Enzyme induction may take several weeks to occur and
may result in treatment failure in those taking multiple
medications, e.g., a patient may fail to respond to “drug
A" because “drug B” has induced a cytochrome p450
isoenzyme which metabolizes “drug A”.

With ageing, well-documented changes occur in
renal size, perfusion and function (see Table 1)%4,
This is of particular relevance to older patients who
are prescribed renally excreted drugs where reduced
elimination can lead to increased and potentially toxic
drug accumulation (Table 3). Glomerular filtration
rate (GFR) should be estimated using readily available
formulas such as the Cockcroft and Gault'** and
Modification of Diet in Renal Disease!'®. Prescribers
should be aware that serum creatinine concentration
alone is an unreliable marker of renal function in the
elderly owing to reductions in muscle volume. Indeed,
approximately 50% of those with normal creatinine
levels have a reduced estimate GFR (eGFR)™”.,

Pharmacodynamics and ageing

Older people often have significantly different pharm-
acodynamic responses than their younger counterparts
to similar drug concentrations. Differences can be
caused by a shift in receptor affinity, density, post-
receptor events at the cellular level, or in adaptive
homeostatic response mechanisms. Pathologic organ
changes may also affect pharmacodynamic responses,
particularly in frail older patients'”. Prescribers should
be aware of commonly encountered age-related phar-
macodynamic differences as listed in Table 4. Some
clinically relevant examples are present in Table 5.
Generally, it is recommended to initiate medications at
the smallest possible dose and titrate slowly according
to response.

Polypharmacy
Polypharmacy is often defined by the number of
prescribed medications, with = 6 drugs being a common
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Table 3 Common used drug classes which require dose adjustment with chronic kidney disease

Drug class Adjust dose in CKD stage 1-3 Avoid in CKD stages 4 and 5
ACE-inhibitors and Angiotensin 2 receptor blockers All ACE inhibitors Olmesartan
Diuretics Potassium-sparing and thiazide diuretics Potassium-sparing and thiazide diuretics
Beta-blockers Acebutolol, atenolol, bisoprolol, nadolol, sotalol Sotalol
Lipid lowering agents Pravastatin, rosuvastatin, fibrates Glyburide, metformin, exanitide
Hypoglycaemic agents Gliclazide, acarbose, insulin, gliptins
Analgesia (NSAIDs and opioids) Codeine, tramadol, morphine, oxycodone, All NSAIDs, pethidine
Psychotropic agents Lithium, gabapentin, pregabalin, topiramate, vigabatrin,
bupropion, duloxetine, paroxetine, venlafaxine
Miscellaneous Allopurinol, colchicine, digoxin Dabigatran
Rivaroxaban (CI stage 5, dose adjust in
stage 4 CKD)

Apixaban (CI stage 5, dose adjust in stage 4)

CKD: Chronic kidney disease; ACE-inhibitors: Angiotensin-converting-enzyme inhibitor; NSAIDs: Non-Steroidal anti-inflammatory drugs; CI:
Contraindicated.

Table 4 Age-associated changes in pharmacodynamic response to commonly prescribed drugs

Drug type Specific drug Pharmacodynamic Potential clinical consequence
response in older people

Analgesia Morphine T Excessive sedation, confusion, constipation,
respiratory depression
Anticoagulant Warfarin T Increased bleeding risk
Dabigatran in those = 75 yr with a body weight
of <50 kg)
Cardiovascular Angiotensin II receptor blockers Hypotension
system drugs Diltiazem
Enalapril
Verapamil
Propranolol
Diuretics Frusemide
Bumetanide

Reduced diuretic effect at standard doses
Psychoactive drugs Diazepam Excessive sedation, confusion, postural sway, falls
Midazolam
Temazepam
Haloperidol
Traizolam

D — > —>

Others Levodopamine Dyskinesia, confusion, hallucinations

1: Increased pharmacodynamic response; |: Reduced pharmacodynamic response.

Table 5 Commonly used drugs - comparison of prescription between older and younger patients

Drug Typical dose in younger patient (< 65 yr) Typical dose in older patient (= 65 yr) Reason for different dose in the elderly
Anti-arrhythmics

Digoxin Loading dose is 1-1.5 mg in divided doses  Loading dose is 1 mg in divided doses Water soluble contributing to increased

over24h over 24 h plasma levels in the elderly
Maintenance dose 125-250 mcg OD Maintenance dose 62.5-125 mcg OD

Anti-coagulants

Warfarin Standard initiation dose, e.g., 10 mg daily =~ Lower initiation dose, e.., 5 mg daily =~ Increased sensitivity to anticoagulant effect

for two days for two days
Dabigatran 150 mg BD Patient > 80 yr 110 mg BD Increased sensitivity to anticoagulant effect

Patient 75-80 yr 150 mg BD in setting or
normal eGFR

Anti-hypertensive

Ramipril Initiation dose 2.5 mg Initiation dose 1.25 mg Lower initial dose and gradual dose titration

required (higher risk of ADE in the elderly)

Psychoactive drugs

Diazepam 2 mg TDS 1 mg BD Lipid soluble with higher volume of

distribution in older people thus contributing
to a prolonged duration of effect

OD: Once daily; BD: Twice daily; TDS: Three time daily.
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Drug Drug

Interaction

Effect

NSAID
NSAID, oral corticosteroids
Enzyme inducers

Anti- hypertensive agents
Aspirin
Calcium channel blockers

Digoxin Diuretics

Digoxin Amiodarone, Ditiazem,
Verapamil

TCA Enzyme inhibitors

Phenytoin Enzyme inhibitors

Thyroxine Enzyme inducers

NSAID antagonizes hypotensive effect
1 risk of peptic ulceration
1 clearance of calcium channel blocker
Diuretic-induced hypokalaemia
| clearance of digoxin

| clearance of TCA
| clearance of phenytoin
1 clearance of thyroxine

| antihypertensive effect
Peptic ulceration
| anti-hypertensive effect
1 effect of digoxin (arrhythmia, toxicity)
1 effect of digoxin (arrhythmia, toxicity)

Arrhythmia, confusion, orthostatic hypotension, falls
1 effect of phenytoin, toxicity
| effect of thyroxine

NSAID: Non-steroidal anti-inflammatory drug; TCA: Tricyclic anti-depressants.

cut-off point!*®, Another definition of polypharmacy
is the prescription of at least one drug without valid
clinical indication™. Increasing numbers of medications
is associated with a higher risk of ADEs with resultant
increased frequency of hospitalisation, negative
health outcomes and increased healthcare resource
utilisation®?*!, The risk of an adverse drug reaction
(ADR) when taking two concurrent medications is
13%"°. This risk rises to 38% in patients taking
4 medications and to 82% in those taking = 7
medications™®!. Polypharmacy can often be indicative
of prescribing cascades, i.e., where a new drug is used
to treat a negative effect of an existing drug. Clearly,
prescription of medications in such circumstances is
inappropriate.

Prescription of multiple drugs impacts negatively on
adherence and compliance. Clinicians are sometimes
unaware of their patients complete prescription record
perhaps because of multiple prescribers or under-
reporting by patients at time of consultation. Frank
et al'*! reported that almost 4 out of 10 patients
were taking drugs unbeknownst to their doctors,
and approximately 1 out of 20 patients were not
taking medications listed on their prescription record.
Prescribers should make every effort to obtain an
accurate medication list. Pharmacy reconciliation
protocols are useful for this purpose in hospital
environments. Tools such as the Structured History
of Medications can also be very useful in this regard,
though they are time consuming to complete,

Drug interactions
One drug can interact with another drug through
pharmacokinetic or pharmacodynamic mechanisms.
Gurwitz et al™' reported that drug interactions
accounted for 13% of preventable prescribing errors.
The risk increases with rising numbers of prescribed
drugs and with multiple attending prescribers®®. A
study of over sixteen hundred older outpatients across
six European countries found that 46% had at an
important drug interaction with 1 in 10 having the
potential for severe consequence™'. Table 6 details
some commonly encountered and potentially significant
drug-drug interactions in older people.

Drugs can often worsen co-existing medical condi-
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tions. The risk of drug-disease interactions is higher in
older adults who are on multiple medications to treat
multiple conditions. Lindblad et a/****! reported that
15%-40% of hospitalized older adults were prescribed
a drug that could potentially exacerbate a co-existing
condition, e.g., use of non-dihydropyridine calcium
antagonists with heart failure. In the community-
dwelling elderly, the prevalence of drug-disease
interactions ranges from 6% to 30%"**”). Commonly
encountered drug-disease interactions, which have the
potential for clinically significant negative outcomes in
older patients, are presented in Figure 1. Prescription
of these medications in these clinical circumstances
is potentially inappropriate, particularly if safer alter-
natives are available.

Appropriate prescribing

So far, we have described circumstances where pre-
scribing decisions in older patients can be considered
to be potentially inappropriate, i.e., where the risk of
a negative outcome exceeds the potential therapeutic
gain. The term “appropriate prescribing” extends well
beyond the aforementioned pharmacological principles
to encompass a range of actions and attitudes that
characterise the quality of prescribing that should be
achieved in everyday practice® (summarised in Figure
2). This term encompasses several important domains
including patient choice, therapeutic expectation,
scientific and technical rationalisation and the general
good for society™®®. A discussion of pharmacoeconomic
rationalisation is beyond the scope of this paper, but it
is becoming increasingly important that prescribers are
economically just in their decisions so that the greatest
number can receive the greatest benefit and that older
individuals can be offered the least expensive available
therapeutic options.

Inappropriate prescribing (IP) is a commonly used
term. It pertains to use of medications that may cause
more harm than good and perhaps, more impor-
tantly, the under-prescription of clinically indicated
medications”®®!, IP has been identified in 12%-40% of
residents in long-term care facilities and in 14%-23% of
community-dwelling older people®®*”. The association
between IP and negative outcomes such as ADRs has
been shown in numerous studies in Europe!**?, the
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Chronic obstructive airway disease

Beta blockers particularly non-cardiac
selective, e.g., propanolol
Benzodiazepines

Non-saliclyate NSAIDs

Sedative hypnotics (non benzodiazepine)

Arrhythmias
TCAs

Heart block
Digoxin
TCAs

Hypertension
CNS stimulants
Non-aspirin NSAIDs

Congestive heart failure

(systolic dysfunction)

Beta blockers

First generation calcium channel
blockers, e.g., verapamil, diltiazem
Non-aspirin NSAIDs

Type 1A anti-arrhythmics, e.g.,
procainamide, quinidine

Diabetes

Atypical antipsychotics
Beta blockers
Corticosteroids
Thiazide diuretics

Chronic renal failure

Falls

Conventional antipsychotics,
e.g., haloperidol
Benzodiazepines

Sedative hypnotics
(non-benzodiazepine)
SSRIs

Dementia

Anticholinergics

Barbiturates

Benzodiazepines

CNS stimulants

Some older antiepileptic drugs, e.g.,
Phenytoin, carbamazepine

Opioid Analgesics

TCAs

Depression

Alpha blockers, e.g., reserpine
Barbiturates

Benzodiazepines

Corticosteroids

Digoxin

Lipophilic beta-blockers, e.g., propranolol
Water soluble beta-blockers, e.g., atenolol

Constipation
Anticholinergics

Calcium channel blockers
Iron supplements

Opioid analgesics

TCAs

Benign prostatic hyperplasia
Anticholinergics

Opioids

Skeletal muscle relaxants
TCAs

Methenamine complexes
Nitrofurantoin
Non-aspirin NSAIDs
Tetracycline

Gout
Thiazide diuretics

Figure 1 Common encountered clinically significant drug-disease interactions in older patients. The following conditions may be exacerbated by prescription
of the drug classes listed below. TCA: Tricyclic anti-depressants; NSAID: Non-steroidal anti-inflammatory drug; SSRIs: Selective serotonin reuptake inhibitors.

United States™** and Asia'*®’.

Clinical judgments of prescribing appropriateness
with respect to therapeutic benefit are often difficult to
make because of insufficient scientific evidence for the
older population. Those with multiple co-morbidities
and multiple medications are often poorly represented
in clinical trials and physicians often have to extrapolate
scientific evidence from the use of medications in
younger, unrepresentative patient populations, with
fewer iliness and fewer concurrent medications. Only
2.1% of patients recruited to trials investigating the
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efficacy of non-steroidal anti-inflammatory drugs
(NSAIDs) were aged 65 years and over, with less
than 0.1% over 75 years*”). Nonetheless, NSAIDs are
commonly used to treat musculoskeletal disorders in
older patients. It is well established that the risk of
adverse events of NSAIDs such as peptic ulcer disease
is much higher in older people. Indeed, inappropriate
use of NSAIDs is a commonly encountered ADR in
elderly inpatients™®®, usually through incorrect dose,
prolonged duration or failure to recognize impairment
of renal function.
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Figure 2 Important considerations when evaluating the quality of prescribing decisions in older people.

Under-prescribing of essential, often preventative
medication is perhaps an even bigger concern than
misuse of medications in older patients, particularly
when the potential outcome of not treating the
condition can be catastrophict*®’, The risk of cardio-
embolic stroke in those with atrial fibrillation increases
with age (1.2% to 2.5% annual risk in persons aged
60-69 years vs 7.3%-13.7% annual risk in persons
aged 80 years and over)®*>? but many do not receive
evidence-based preventative anticoagulation®. The
Irish Longitudinal Study on Ageing recently reported that
30% of patients had a potential prescribing omission
(PPO), the most common PPO being appropriate anti-
hypertensive therapy®®, Prescribing omissions were
twice as common as inappropriate prescriptions™. Even
greater proportions of hospitalised older patients are
reported to have potentially inappropriate prescribing
omissions, with Barry et al™ reporting 57% prevalence
of prescribing omissions in one prospective study of
over 600 hospitalised older patients in Ireland. The
elderly have a higher burden of co-morbid ilinesses,
e.g., a single patient may have hypertension, diabetes
mellitus, chronic obstructive airways disease, dementia
and recurrent falls. Every effort should be made to
appropriately treat all ilinesses bearing in mind the
principles of appropriate prescribing as previously
discussed.

Other considerations

Prescribing appropriateness must also take into account
a patient’s capacity to comply with the prescription as
well as their physical ability to take the medication.
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In older adults post coronary artery bypass grafting it
was found that in-hospital education was paramount in
helping patients adhere to their medication regimens®®,
However, it must be acknowledged that almost 25% of
patients aged = 80 years will have significant cognitive
deficits and memory deficits can often contribute to
improper medication use as patients can have difficulty
understanding instructions®®, Patients may fail to
remember to take their medicines or may even take
multiple doses concurrently thus placing them at an
increased risk of adverse drug events'*?. Prescribers
have a responsibility to ensure that medications can
be taken safely and reliably. Sometimes this requires
simple written instructions, the use of doset boxes or
blister-packs, or direct supervision of administration
by a carer or relative. Physical impairments such
as hearing loss, visual loss and impaired manual
dexterity can also impact on adherence to prescribed
medications, thus resulting in poor therapeutic yield
and consequent negative outcomes.

Clearly, prescribing for older patients is complex and
sometimes time-consuming particularly when all of the
aforementioned variables are considered. In addition,
older patients are a heterogeneous group, with wide
variation in physical, cognitive and functional status.
The most important clinical question when deciding on
prescribing appropriateness is whether or not there
is a clear clinical indication for the treatment. This
requires a clear diagnosis and a clear expectation of
the therapeutic goal. Evaluation of the therapeutic goal
must take into account the scientific rational of using a
drug as well as the potential benefit to improving the
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Table 7 Key considerations when prescribing for older patients

Use non-pharmacological treatment whenever possible
Include the patient (and carer where appropriate) in prescribing decisions

Ensure each medication has an appropriate indication and a clear therapeutic goal (this involves careful clinical assessment and appreciation of time to

obtain treatment effect and life expectancy)

Start at the smallest dose and titrate slowly according to response and efficacy
Use the simplest dosing regimen (e.g., once a day preferable to three times per day) and most appropriate formulation

Provide verbal and written instructions on indication, time and route of administration and potential adverse effects of each medication

Regularly review prescriptions in the context of co-exiting disease states, concurrent medications, functional and cognitive status and therapeutic expectation
Be aware that new presenting symptoms may be due to an existing medication, drug-drug interaction or drug-disease interaction (avoid prescribing cascade)
When stopping a medication check that it can be stopped abruptly or whether it needs to be tapered, e.g., long-term steroids, benzodiazepines

Is it safe to start the medication in question?
Anti-coagulation in the presence of falls or uncontrolled
hypertension?

Anti-hypertensive in presence of symptomatic

orthostatic hypotension?

Anti-platelet with recent peptic ulcer disease?

Is monitoring required and is this feasible? e.g,,

coagulation monitoring with anti-coagulation,

potassium level monitoring with

spironolactone

Can the patient reliably take the
\medication as prescribed?

/Are other treatment options more
appropriate?

Non-pharmacological treatment? e.g.,
balance retraining
Is there a safer alternative but equally
effective pharmacological treatment, e.g.,
an ACE-inhibitor would be a more appropriate
choice of antihypertensive in an elderly patient
with hyptertension, diabetes and chronic
constipation than a calcium channel blocker as
it will have a dual role of treating hypertension
and preventing diabetic nephropathy and will
not exacerbate constipation

™

i

/

LS

Could the new medication worsen am
existing disease state or cause clinically
significant drug-drug interactions?

Is dose-adjustment requried? Are renal and liver
functions normal?

\\

Dosage Uhat dose is appropriate for the

patient?

In general is recommended to start with
the lowest possible dose and titrate to effect
Is a loading dose required? e.g., digoxin,
warfarin

What route? e.g., can the patient swallow,
has the patient the dexterity to use inhalers,
would syrup or suppository be a more
appropriate formulation?

What frequency? Choose lowest available
frequency

Figure 3 Influential factors when prescribing for the elderly with some examples.

condition. Prescribers must ensure that people take
the appropriate medicine at the correct dose; thereby
minimizing risks of adversity (see Table 7).

A case history, displayed in Table 8, illustrates
the complexities of making appropriate prescribing
decisions in older people and also some of the negative
clinical consequences of IP decisions. Other examples
of important considerations with respect to prescribing
safety, cautions, dosage and therapeutic options are
presented in Figure 3.

ADVERSE DRUG EVENTS AND ADRS

An adverse drug event (ADE) is defined as “any
injury resulting from the use of a drug”™®, This broad
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definition encompasses any harm caused directly
by the medication and any event that occurs during
its use (including dose reductions and harm from
discontinuation of the drug). An ADR is defined as a
“response to a drug which is noxious and unintended
and which occurs at doses normally used in man for
prophylaxis, diagnosis, or therapy of disease or for the
modification of physiologic function”*®>%,
Unsurprisingly, ADEs are highly prevalent in
the elderly. Those with multiple co-morbidities and
who are prescribed multiple medications are at the
highest risk. It is widely accepted that the crude
prevalence rate of ADEs in community-dwelling older
people is approximately 30%™. One study reported
that ADEs accounted for 1 in 10 of all emergency
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Table 8 Clinical example

An 80-year-old lady is referred with a four day history of general malaise, nausea, vomiting and recurrent falls. Her past medical history includes
paroxysmal atrial fibrillation, non-obstructive coronary artery disease, hypertension, recurrent episodes of acute gout, dependent lower limb edema and
“vertigo/ dizziness”. Prior to this episode she was functionally independent and had normal cognition
Her medications were as follows: Simvastatin 40 mg daily; Verapamil 240 mg daily; Quinine Sulphate 300 mg daily, Perindopril 5 mg/Indapamide
1.5 mg daily; Digoxin 250 mcg daily; Diclofenac 75 mg twice daily; Frusemide 40 mg daily; Betahistine 16 g three times per day; Paracetamol 1 g as
required; Warfarin as per INR (target INR 2-3); Flurazepam 30 mg nocte. She was not taking OTC medications
On assessment she was pale and tired. Supine blood pressure was 122/70 mmHg; erect blood pressure after one minute was 92/62 mmHg
Pulse was 52 beats per minute. She had no clinical signs of congestive cardiac failure. She scored 9/10 on a short mental test score
Investigations showed a eGFR of 38 mL/min, serum potassium 2.8 mmol/L (low) and serum sodium 126 mmol/L (low). Haemoglobin was 10.2 g/dL
with MCV 72f] (hypochromic microcytic anemia)
When evaluating the appropriateness of an older person’s prescription medications it is important to consider the following two questions:

11s there a clinical indication for the drug?

2 Could the drug be contributing to the presenting symptoms?
Using this approach each medication should be evaluated in turn and corrective action implemented

Medication Clinical indication? Contributing to presenting symptoms? Action taken?
Simvastatin 40 mg Yes (hyperlipidaemia, high ~ Could cause muscle cramps and myopathy Check fasting lipid profile and creatine
cardiovascular risk) which could lead to falls (note patient phosphokinase. Revise dose according to target
prescribed quinine) lipid levels
Verapamil 240 mg Yes (hypertension, arrhythmia) Could cause hypotension and bradycardia. ~ Consider discontinuation. Beta-blocker may be

Increased risk of myopathy when prescribed more appropriate choice as rate controlling agent
with simvastatin

Quinine 300 mg No clear indication No Muscle cramps may be due to statin. Review
choice of statin. Discontinue Quinine
Perindopril 5 mg Yes (hypertension) Could contribute to postural hypotension Consider temporary withdrawal while
and acute renal injury investigating cause of renal dysfunction
Indapamide 1.5 mg Yes (hypertension) Could contribute to postural hypotension, Discontinue

acute renal injury, hyponatraemia and

hypokalaemia. Can precipitate digoxin

toxicity, hyperuricaemia and recurrent
episodes of gout

Digoxin 250 mcg Yes (atrial fibrillation) Symptoms of digoxin toxicity. Dose too high Discontinue. Beta-blocker may be more
given level of renal dysfunction appropriate choice of rate controlling agent
Diclofenac 75 mg Yes (acute gout) Yes. Diclofenac may be causing renal Discontinue. Consider addition of allopurinol for
impairment. Gastritis/ peptic ulcer disease gout prophylaxis

should also be considered because of nausea,
vomiting and microcytic anemia. NSAIDs
should not be prescribed with warfarin
because of significantly increased risk of

bleeding
Frusemide 40 mg Yes (hypertension) Yes (hypotension, hyponatraemia, Frusemide is not required as an anti-hypertensive
hypokalaemia, renal impairment) in this patient. It has been prescribed to treat
dependent lower limb edema. Leg elevation
and compression stockings would be more
appropriate
Betahistine 16 mg No (prescribed for dizziness No Discontinue. No indication
which is actually related to
orthostatic hypotension)
Paracetamol 1 g Yes (pain) No Continue
Warfarin Yes (atrial fibrillation embolic ~ May be contributing to anemia. Should not Investigate cause of anemia. Consider future
prophylaxis) be co-prescribed with diclofenac as thereis  suitability for anticoagulation if high falls risk
an increased risk of bleeding persists
Flurazepam 30 mg No Yes (falls, malaise) Contact GP and pharmacy for prescription

history. Do not suddenly discontinue because of
risk of benzodiazepine withdrawal

INR: International normalized ratio; OTC: Over-the-counter; eGFR: Estimated glomerular filtration rate; MCV: Mean corpuscular volume.

department attendances in those aged = 65 years'®!., studies***>®*, Most ADEs are predictable with 27%
Approximately one third of those with an ADE had a of ADEs in community-dwelling older patients™® and
potential drug interaction. The most common offending 42% of ADEs in nursing home facilities thought to be
medications were NSAIDs, antibiotics, anticoagulants, avoidable™,

diuretics, hypoglycemic agents, B-blockers, calcium- One large study of over 18000 hospital admissions
channel blockers, and chemotherapeutic agents!. found that ADRs were responsible for 1 in 16 hospi-
ADEs are common in hospitalized older patients, with talisations (6.5%), 4% of hospital bed capacity and
prevalence rates of up to 25% being reported in some 0.15% of deaths™. In the United States, it has been
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reported that ADRs are amongst the leading causes of
death®™. The majority of ADRs (> 80%) in older people
are predictable in that they are related to the known
pharmacological effect of the drug and often escalate
with increasing dose™®!.

PRESCRIBING APPROPRIATENESS
CRITERIA

With changing demographics and ever-increasing
availability of therapeutic agents, the frequency of IP
in older patients is not abating. Various strategies to
identify, measure and reduce potentially inappropriate
prescribing have been the focus of worldwide research
endeavors over the last thirty years. A detailed analysis
of all such endeavors is beyond the scope of this paper.
Instead we will focus on the principal prescribing
appropriateness criteria, their relationship to adverse
healthcare outcomes and the evidence to support their
role in optimising prescribing appropriateness.

Explicit criteria for appropriate prescribing comprise
lists of medications that are known to cause harm in
older adults; either through predictable pharmacological
or predictable physiological mechanisms. In general,
they have been developed from expert consensus
techniques™. Explicit criteria can often be utilised in
the absence of detailed clinical data®®. However, this
may also be a limitation, particularly in older patients,
where clinical detail is an essential requirement for any
treatment decision, particularly in relation to burden of
co-morbidity™®, patient preference and consideration
of previously unsuccessful treatment approaches.
Furthermore, explicit criteria need regular updating so
as to incorporate emerging evidence.

Beers criteria focus principally on over-prescribing
and mis-prescribing. They comprise a list drugs that
are inappropriate to prescribe for the elderly under any
circumstances and a list of drugs that should be avoided
with particular clinical illnesses and syndromes!®”,
Screening Tool of Older Person’s potentially inappro-
priate Prescriptions (STOPP)/Screening Tool to Alert
to Right Treatment (START) Criteria are organised
according to physiological system and include criteria
that highlight when medications should be considered
in older people, with certain conditions, where no
contraindication exists, e.g., anticoagulation in patients
with atrial fibrillation and calcium and vitamin D
supplementation in patients with osteoporosist”*”,
Table 9 summarises the principal explicit prescribing
criteria, their advantages and disadvantages.

Implicit criteria focus on several domains of prescri-
bing appropriateness. The medication appropriateness
index (MAI) is the most widely cited implicit tool which
measures prescribing appropriateness according to
10 criteria including indication, effectiveness, dose,
administration, drug-drug and drug-disease interactions
and cost'”*’”), Clinical expertise and detailed clinical and
pharmaceutical information is required to apply some
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of the criteria, thus making this tool time consuming
to use in everyday clinical practice. The MAI does not
address prescribing omissions. Three of the MAI criteria
(indication, effectiveness and duplication) can be
combined as a measure of unnecessary polypharmacy,
one study of 384 frail older patients at the point of
hospital discharge showing that 44% were prescribed
at least one unnecessary drug, the most common drug
classes being gastrointestinal, central nervous system
and therapeutic nutrients or minerals’®, Another
study of 397 frail elderly inpatients showed that 365
patients (92%) met at least one MAI criterion, the most
common problems being use of the most expensive
drugs (70%), impractical directions (55%), and
incorrect dosages (51%)"?. One advantage of the MAI
is that it encompasses elements for drug prescribing
that are applicable to any medication and to any clinical
condition in any clinical setting. The Assessment of
Underutilisation (AOU) of Medications tool is based
on an instrument reported by Lipton et a/®*” and
simply requires the user to match the patient’s active
illnesses to his/her prescription drugs thus establishing
if a condition is under-treated by omission of an
indicated medication. One study showed that 64%
of older patients had evidence of under prescribing
according to the AOU instrument®®!. The labeling of a
prescription as “potentially inappropriate” implies that
the prescription in question should be predictive of an
adverse outcome. Ideally, the drugs highlighted by
explicit IP criteria should be associated with preventable
ADEs. Prospective use of IP screening criteria should,
theoretically curtail the occurrence of ADEs.

The reported prevalence rates of potentially inapp-
ropriate prescribing according to various explicit criteria
range from 24% to 44% depending on the populations
and proportions of criteria applied®. The reported
associations between IP and adverse outcomes
also vary. Pasina et al'®! showed the prevalence of
at least one PIM was 20.1% and 20.3% according
to the 2003 and 2012 iterations of Beers’ criteria
respectively. However an association between IP and
health outcomes was not demonstrated. Conversely,
medications listed in STOPP™® criteria have been
associated with a higher proportion of patients requiring
admission to hospital because of IP-related adverse
events than those listed in Beers’ criteria (11.5% vs
6%, respectively). A recently published randomised
controlled trial of 400 older hospitalized patients
showed that unnecessary polypharmacy, incorrect
dosing, and potential drug-drug and drug-disease
interactions were significantly lower at time of discharge
and for up to 6 mo post discharge when patients were
screened with STOPP/START criteria within 72 h of
hospitalization (absolute risk reduction 37.5%, number
needed to screen to yield improvement in MAI = 2.8)"°.,
Reduction of underutilisation of clinically indicated
medications was also observed (absolute risk reduction
21.2% with a number need to yield reduction of 4.7).
However, a recent systematic review of the application
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Explicit criteria

Advantages

Disadvantages

. . [70]
Beers criteria™

. s 71
Beers criteria”!

Beers criteria”

Beers criteria”™

STOPP/START"™

McLeod criteria™

IPET 2000

(Improved prescribing in
the elderly tool)™*!
Zhans criteria™!

French Consensus Panel
List™!

Rancourt™”

Australian Prescribing
Indicators Tool™

Norwegian General
Practice (NORGEP)

Criteria™
Priscus List!"™”

Thailand Criteria™"

Assesses prescribing quality
Useful for education

Concise explanation of inappropriateness
Severity ratings of adverse outcomes
Assesses prescribing quality
Useful for education
Concise explanation of inappropriateness
Severity ratings of adverse outcomes
Can be used by computerized clinical information systems

Concise explanation of inappropriateness
Structured according to therapeutic classes and organ systems
Drug disease interactions
Organised by physiological system
Concise list on inappropriate medications
Includes drug and disease interactions, therapeutic duplications
and prescribing omissions
Concise list of inappropriate medications with safer alternatives
suggested
Useful for education
Concise
Useful for education

Less restrictive than previous criteria

Concise explanation of inappropriateness
Includes drug duplications
Safer alternatives suggested
26 Drug drug interactions
10 drug duplications
Includes drug duplication
Includes under-prescribing

Can be applied to medication list with no clinical information

Provides therapeutic alternatives
Recommendations on dose adjusting and monitoring
Drug interactions
Drug disease interactions

Several drugs unavailable outside United States
Does not include underuse of drugs, drug-drug
interactions or duplicate drugs
No under-prescribing indicators
Several drugs unavailable outside United States
Does not include underuse of drugs, drug-drug
interactions or duplicate drugs
No under-prescribing indicators
Several drugs unavailable outside the United States
Controversy over some drugs labeled as inappropriate
No drug to drug interaction
No drug disease interactions
No under prescribing
Several drugs unavailable outside United States
No drug-drug interaction
No under prescribing
Does not suggest safer alternatives
Does not address certain domains of prescribing, e.g.,
indication

Obsolete indicators, e.g., beta blockers in heart failure
No under-prescribing indicators
Several drugs unavailable outside United States
Not comprehensive
Predominantly cardiovascular and psychotropic drugs
No under-prescribing indicators
Several drugs unavailable outside United States
No drug to drug interaction
No drug disease interactions
No under-prescribing indicators
No clinical studies to date
No under prescribing

Large number of criteria to get through in clinical practice
Data only on long term care setting
Not validated and time consuming
Derived from Australian data sources limiting
international applicability
No drug prescribing
No drug-disease interactions
No studies to date outside Norway
No studies to date published outside Germany

No studies to date outside country of origin

of STOPP/START criteria concluded that there was
limited evidence found in relation to the clinical and
economic impact of the STOPP/START criteria. This is
the subject of ongoing research endeavors as described
below.

All prescribing appropriateness criteria are designed
to assist decision-making and not to substitute good
clinical decision-making. However, for prescribing
appropriateness criteria to continue to facilitate deci-
sion-making they will need to remain clinically valid
via regular updates in tandem with evolving clinical
evidence and new medications. No criteria exist
specifically for guidance of prescribing in frail older long
term care residents with reduced life expectancy and
indeed this cohort is likely to increase with changing
demographics and prolonged survival®®,
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OTHER APPROACHES TO OPTIMIZING
PRESCRIBING APPROPRIATENESS IN
OLDER PATIENTS

Comprehensive geriatric assessment

Geriatric medicine multidisciplinary teams comprise
doctors, nurses, pharmacists and other allied health
professionals who offer detailed assessment of older
patients’ physical, cognitive and functional abilities as
well as optimization of medications. Several trials have
shown improvements in all domains of prescribing
appropriateness following comprehensive geriatric
assessment (CGA). Schmader et al®* demonstrated
a significant reduction in the prevalence of potentially
inappropriate prescribing, including under-prescribing,
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in older inpatients that were randomised to receive CGA
when compared to routine inpatient care. In the same
study, outpatients who received CGA were shown to
have a 35% reduction in the risk of a serious ADEs and
prescribing omissions when compared with standard
care®™,

Saltvedt et al'® reported a lower prevalence of
anticholinergic drug use and potential drug interactions
at hospital discharge in acutely ill elderly patients who
were randomized to receive inpatient CGA compared
with standard hospital care. In addition, antipsychotic
drugs were more likely to be withdrawn in the interven-
tion cohort. An Australian study of 154 long term care
residents with challenging behavior showed that an
intervention comprising two case conferences between
a care of the elderly physician, general practitioner,
pharmacist and nursing home staff resulted in significant
improvements in the prevalence of IP, particularly with
respect to the use of benzodiazepines™. A Finnish study
of 400 patients with cardiovascular disease showed a
significant improvement in the use of evidence-based
cardiovascular medications following geriatrician review
with subsequent improvement in risk factor profile, but
no improvement in three year cardiovascular morbidity
or mortality™,

CGA affords a complete overview of an older pati-
ent’s health status and functional abilities and enables
the prescriber to make informed prescribing decisions in
the context of such variables. However, comprehensive
geriatric assessment is time-consuming and resource
intensive and is, in reality, only applicable to patients
attending hospital, either as an inpatient or as an
outpatient. It is not feasible in most health services for
all older patients to undergo comprehensive geriatric
assessment, thereby limiting the value of this approach
at the population level.

Clinical pharmacy intervention
Clinical pharmacists perform systematic assessments
of a patients’ medication regimen and generate phar-
maceutical care plans with the aim of optimizing the
clinical impact of treatment, minimizing adverse effects
of treatment and reducing waste®. An intervention
comprising detailed review of medications by a clinical
pharmacist with subsequent recommendations for the
attending physician including patient counseling showed
significant improvement in MAI scores over a twelve
month period when compared to usual outpatient
care®™, However, there were no improvements in other
outcomes including ADEs and healthcare use. Similarly,
Crotty et a®” reported improvements in MAI scores
and a lower hospital re-admission rate in older patients
whose medications were reviewed and discussed in
detail by doctors and pharmacists. However, significant
reductions in ADEs and other adverse outcomes were
not identified. In Belgium, one hospital-based study
has shown that a combined pharmacy and geriatrician
intervention improves prescribing appropriateness®.
Similar to CGA, specialist pharmacy input is resource
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intensive and is, in reality, confined to patients attending
the hospital. Not all pharmacists have specialist
training in geriatric pharmacotherapy and the success
of this intervention depends upon the availability of
the medical record to the pharmacist as well as the
acceptance of the pharmaceutical care plan by both
the patient and the prescribing physician. Therefore,
clinical pharmacists need to work in close liaison with
prescribers. The impact of the community pharmacist
with no specialist training in geriatric pharmacotherapy
on prescribing appropriateness has not been studied.

Prescriber education, audit and feedback

Several studies have shown that most physicians receive
inadequate training in geriatric pharmacotherapy at an
undergraduate and postgraduate level®®¥, Therefore,
educational strategies targeted specifically at those
who prescribe for older patients would appear to be
highly relevant. Numerous studies have investigated
the impact of different educational approaches on the
quality of prescribing in older patients, with mixed
results. In general, interactive approaches with direct
feedback that target multiple disciplines®®***® are more
effective than passive approaches involving didactic
lectures and written dissemination of educational
and feedback material®”®l, However, most of these
studies pertain to specific drugs or drug classes, e.g.,
antibiotics®, psychotropic drugs!®** analgesics!*®"
or avoidance of potentially inappropriate anticholinergic
drugs™®!. The effect of educational interventions on
broader measures of prescribing appropriateness and
on health-related outcomes remains to be seen.

A recent systematic review investigated whether
education interventions improved prescribing by undergra-
duate students and postgraduate junior physicians. No
definitive answer was found. The trials included were
small and flawed in their methodology. The better quality
studies used the World Health Organization guide that
directs students through a six-step problem-solving
process when prescribing. Improvement in prescribing
skills has been demonstrated in simulated environments.
However, further research is required into the long-term
benefits of such educational interventions™®,

Electronic prescribing and computerized alerts
Electronic prescribing systems provide user-guidance in
relation to medication selection, dosage, price, potential
interactions and need for monitoring!®'**, They have
the added potential of reducing prescribing errors of
transcription when transferring between places of care,
e.g., from hospital to community, or from community
to nursing home thereby improving communication!**.
Though challenging and costly to install, these tools
can be applied at the point of medication initiation with
great potential to minimize ADEs!'%.

Existing electronic prescribing systems have
been developed for the general adult population and
are not specifically refined for elderly patients with
complex co-morbidities and altered pharmacokinetics
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and pharmacodynamics. Therefore, existing tools may
not be suitable for use in older patients. Furthermore,
physicians often over-ride the therapeutic flags gener-
ated by computerised systems!'®”! perhaps because
many of them are perceived as being falsely positive
or clinically unimportant, e.g., a sodium level only
marginally below the laboratory reference range
may be acceptable in clinical practice. If physicians
are overloaded with computerised alerts, they are
unlikely to respond to true high-risk safety situations.
A disadvantage of computerised prescribing systems
is that they are dependent on the quality of the
computer programming. There have been reports
that computerized decision support systems have
themselves resulted in medication errors and related
adverse drug events!'”'%, Therefore, computerized
decision support systems should be used to enhance a
prescribing decision or to flag a potentially inappropriate
prescription but can never substitute a comprehensive
clinical assessment.

Several exiting research projects are currently
underway in Europe!'’®* and the United States!'?,
the aim being to develop software engines to optimize
prescribing appropriateness and to investigate the
clinical and economic impacts of their utilisation. A new
Software ENgine for the Assessment and optimization
of drug and non-drug Therapy in Older persons (SEN-
ATOR) trial is presently recruiting throughout seven
European centres (http://www.senator-project.
eu/). It will assess and optimise drug and non-drug
therapy in older persons with multimorbidity and
provide recommendations to the attending clinician.
The software engine aims to simultaneously reduce
inappropriate prescribing, ADRs, and costs alongside
optimising medications.

CONCLUSION

Prescribing for older patients presents many unique
challenges. Prescribers must be aware of the key
pharmacological differences in older people and the
principal domains of prescribing appropriateness as
described in this paper. Criteria are available to assist
prescribers in appropriate decision making, but cannot
replace good clinical judgment and cannot be applied
in a “one size fits all” manner. Data are limited as to
the health-outcome and economic effects of prescribing
appropriateness criteria, but important research is
ongoing into these areas. Continuous prescriber edu-
cation at undergraduate and postgraduate level and
regular audit of prescribing practice is very important.
CGA and clinical pharmacist input are clearly of benefit
in optimizing prescribing appropriateness, particularly
in hospitalised older patients. However, these interv-
entions are resource intensive. Exciting research into
computerized prescribing supports for older people
is ongoing. Finally, more older patients with complex
co-morbidities should participate in clinical trials to
ensure that evidence-based practice and guideline
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development is based on the testing and use of drugs
in representative populations.
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Abstract
Early treatment of leishmaniasis is critical to achieve
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cure, prevent psychological and social distress, and
prevent transmission of disease. Untreated Leishmaniasis-
cutaneous leishmaniasis, mucocutaneous leishmaniasis
and visceral leishmaniasis - results in disfiguring scars and
high rates of morbidity and mortality in highly endemic
regions of the world. However, cure rates with available
therapeutics are limited due to cost, therapeutic toxicity
and the growing rate of resistance. New therapeutic
targets for medications and vaccine development are
under investigation to provide improved healing and
efficacy for the treatment of Leishmania spp.

Key words: Leishmania; Visceral, Cutaneous; Mucocu-
taneous; Amphoterecin; Vaccine

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Leishmaniasis is an old disease, hard to diagnose
and even harder to treat. Limited treatment is available.
Early treatment of leishmaniasis is critical to achieve
cure, prevent psychological and social distress, and
prevent transmission of disease. Untreated Leishmaniasis
- cutaneous leishmaniasis, mucocutaneous leishmaniasis
and visceral leishmaniasis - results in disfiguring scars
and high rates of morbidity and mortality in highly
endemic regions of the world. Cure rates with available
therapeutics are limited due to cost, therapeutic toxicity
and the growing rate of resistance. There is an emergent
need for development of new therapeutic options
with improved tolerability, improved healing process
minimizing scarring, and improved efficacy amongst all
Leishmania spp.

Weatherhead JE, Woc-Colburn L. Therapeutic options and
vaccine development in the treatment of leishmaniasis. World J
Pharmacol 2015; 4(2): 210-218 Available from: URL: http://
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INTRODUCTION

Leishmania spp. are intracellular protozoa transmitted
between mammals by the bite of a female sandfly,
genus Phlebotmus in the Old World (the Middle East,
Asia, Eastern Europe, Western Europe, and Africa) and
genus Lutzomyia in the New World (Central and South
America)™?. A variety of animals, including humans,
can be infected with Leishmania spp. and many animals
serve as natural reservoirs'!. Leishmaniasis is endemic
in 98 countries with an estimated prevalence of 12
million people infected and 350 million people at risk of
infection'™*., There are more than 20 known Leishmania
spp. that cause human disease!™>®!. Leishmania spp.
cause four main human syndromes: Cutaneous leish-
maniasis (CL), diffuse cutaneous leishmaniasis (DCL),
mucocutaneous leishmaniasis (MCL) and visceral
leishmaniasis (VL). The clinical syndrome varies based
on the Leishmania spp., the geographic location and
the host immune system™®”, However, all forms of
leishmaniasis are severely debilitating and affect the
livelihood of those living in endemic areas of the world.
An estimated loss of 2357000 disability-adjusted life
years (DALYs) is attributed to leishmaniasis alone”"®.

CL accounts for approximately 1.2 million new cases
of Leishmaniasis per year reported in 83 countries™.
The majority of CL cases occur in Afghanistan, Algeria,
Brazil, Colombia, Iran, Peru, Ethiopia, Costa Rica, North
Sudan, Saudi Arabia and Syria®®®°, CL is typically
caused by Leishmania major (L. major), Leishmania
tropica (L. tropica), Leishmania infantum (L. infantum)
and Leishmania donovani (L. donovani in the old
world and L. mexicana, L. amazonensis), Leishmania
guyanensis (L. guyanensis), Leishmania panamensis
(L. panamensis) and Leishmania braziliensis (L.
braziliensis) in the new world™®, It may present as
a single ulcerative or nodular lesion near the site of
the sandfly bite on uncovered areas of the body!'!. In
some cases, however, individuals may have a more
severe diffuse infection called DCL, with nodular
lesions of variable size in various locations (DCL)™.
Lesions evolve over weeks to months and may resolve
spontaneously over months to years. Treatment of
primary CL depends on the Leishmania spp., the
geographic region, and the clinical presentation. For
many species of leishmaniasis, cutaneous disease
is self-limiting and will be cured over time. In Old
World leishmaniasis, L. major spontaneously heals in
40%-70% of cases at 3 mo and close to 100% of cases
by 12 mo, whereas L. tropica spontaneously resolves in
less than 1% of cases at 3 mo and close to 100% by 3
years®!, In New World leishmaniasis, L. mexicana may
resolve spontaneously within 3-4 mo but L. braziliensis,
L. panamensis, L. guyanensis and L. peruviana may
take more than 6 mo to self-resolve’. After resolution
patients may be left with disfiguring cutaneous scars.
Scarring caused by CL has a distinctive appearance
particularly when involving sensitive areas such as the
face. Scars often have a central depressed surface
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that is covered by rounded hyper-pigmented skin'!.
Years after spontaneous resolution, CL lesions have the
potential to relapse, a condition known as leishmaniasis
recidivans''. Despite the possibility a lesion will self-
heal, initiation of treatment, either systemic or local
therapy, may hasten resolution of disease and may
prevent further transformation to MCL™.

MCL occurs most commonly due to progression
of CL caused by L. braziliensis. Metastasis of the
parasite into the mucosal tissue causes significant
tissue destruction and disfigurement!®!. Almost 90%
of MCL occurs in Bolivia, Brazil, and Peru; up to 30%
of L. braziliensis cases progress to mucocutaneous
disease'™®, MCL typically involves the nose, palate,
pharynx, and larynx and occurs months to years after
resolution of the primary lesions™. Ulcerated lesions of
the nasal septum, which may lead to perforation and
deformities of the nasal pyramid, larynx, and pharynx,
can cause significant morbidity and social rejectiont?.
Mucocutaneous disease always requires treatment for
cure; however, it may be refractory to current available
therapeutic chemotherapy. With continued destruction of
mucosal membranes, patients are at risk for secondary
super-infections and severe malnutrition™. Because of
the risk of secondary morbidity and mortality, systemic
treatment is preferred.,

VL, also known as Kala azar, is caused by L. donovani
in India, Pakistan, China and several countries in Africa
and by L. infantum in the Mediterranean region and in
the New World™®.. VL occurs secondary to proliferation
of parasites in macrophages in the liver, spleen and
bone marrow which causes hepatosplenomegaly and
bone marrow suppression with subsequent pancytopenia
and immunosuppression'™. There are an estimated
200000-400000 new cases of VL each year with a case
fatality rate of more than 10%"”*%, Bangladesh, Brazil,
Ethiopia, India, South Sudan and Sudan report over
90% of all VL cases worldwide™*®. Without treatment,
VL is almost universally fatal™®. Systemic therapy is the
current standard of care.

An appropriate cellular immune response is essential
for the control and eradication of leishmania in the
human host. With exposure to leishmania, the host T
cells produce cytokines, specifically interferon gamma
(INF-y) and tumor necrosis factor-alpha (TNF-a),
that activate host macrophages!'?. The activation of
host macrophages produces nitric oxide (NO), peri-
nitrate and oxygen derivates that are directly involved
with leishmania killing and eradication”*?. Patients
with immunocompromised conditions such as human
immunodeficiency virus (HIV) are at increased risk of
progressive, debilitating disease states. Interestingly,
patients who recover from leishmaniasis often have
a spectrum of resistance to re-infection or acquired
anti-leishmanial immunity. Host resistance is medi-
ated by both innate and adaptive immune responses
including activation of macrophages, dendritic cells,
and antigen specific CD4 and CD8 T cells”. These host
responses allow for immunity against re-infection and
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highlight possible new avenues for therapeutic drug
development.

CURRENT TREATMENT

Leishmania spp. vary in their sensitivity to available
drugs™. The choice of treatment is based on the region
where the infection was acquired, local experience with
treatment, and known species resistance patterns'®.
Currently the gold standard therapy for most forms
of leishmaniasis remains pentavalent antimony (Sb"),
meglumine antimoniate, or sodium stibogluconate™.
The mechanism of action against Leishmania spp. is still
poorly understood and thought to act on the parasite
indirectly through augmentation of the host’s macro-
phage parasiticidal activity™. Sb* can be administered by
intravenous (typical dose of 20 mg/kg), intramuscular
or intra-lesion route and typically requires at least
20-28 d course of treatment™****!, Despite its common
use, Sb"' have different cure rates between species,
ranging from 60%-80%'°"). Furthermore, recent
studies involving the use of Sb" in children showed
significantly lower cure rates and significantly higher
metabolic elimination of the drug compared with
adults'™*, Adverse effects are also common with Sb"
and include cardiotoxicity such as arrhythmias, QTc
prolongation, and sudden cardiac death; elevated
aminotransaminases; elevated pancreatic enzymes;
pancytopenia; and electrolyte abnormalities'. Because
of these adverse effects, administration of Sb" is highly
restricted in pregnant and lactating women, infants,
and patient with drug sensitivities**!. Intralesional
injections of Sb" are the most established local therapy
available for the treatment of CL and do not cause the
same systemic adverse effects as intravenous and
intramuscular formulations. However, there is a lack
of standardization of dosing and treatment regimens
with varying cure rates among geographic regions due
to the development of resistance!®. While intralesional
injections do not cause significant systemic adverse
effects, local therapy can cause itching, erythema,
pain, and hyperpigmentation of the lesion, and put the
patient at increased risk of bacterial super infection™.
Sb" chemotherapeutic agents currently available for
the treatment of Leishmaniasis are toxic, costly, and
not readily available in every community, and require
a long duration of therapy as well as daily systemic
administration with medical monitoring. These limi-
tations promote poor treatment adherence within a
community™*”), Due to the wider geographic distribution
of leishmaniasis, the toxic chemoprophylaxis treatment
available and the emergence of drug resistant
Leishmania strains, new antimicrobial therapies and
strategies are being developed to address the growing
problem!*>71,

SYSTEMIC TREATMENT

Systemic therapies are recommend in complex CL,
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Table 1 Common therapeutic options for treatment of

leishmaniasis

Medication Disease  Dosing Adverse effects Ref.

CL, VL IM, 1V,

IL

M/1IV:
Cardiotoxicity, elevated
aminotransaminases,

Antimony [1,13,15,89]
Sodium
stibogluconate
elevated pancreatic
enzymes, pancytopenia,
electrolyte
abnormalities
IL: pain,
hyperpigmentation, risk
of bacterial infection
Renal insulfficiency,

Amphotericin CL, MCL, v

VL

[1,13,18,20]
electrolyte
abnormalities
Pentamidine CL,VL IM,IV Hypoglycemia, [1,13,22,23]
elevated
amiontransaminases,
nausea, vomiting, bone
marrow
toxicity,
nephrotoxicity,
cardiotoxicity
Miltefosine VL, CL, PO Vomiting, nausea,
MCL

CL, VL

[1,13,15,18]
diarrhea, teratogen
Ototoxicity,
vestibular instability,

M, PO,
topically

Paromomycin [1,22]
nephrotoxicity
Nausea, vomiting,
headache, dizziness
Hepatic toxicity
Irritation at site of

Pentoxyfylline CL,MCL PO [27]
CL, VL

CL

PO
Topical

Azoles
Imiquimod

[1,17]
[1,11]
application

Thermotherapy CL Topical Pain, [16,17,30]

post-inflammatory
hyperpigmentation

Cryotherapy CL Topical Local [8,16]

blistering,
secondary bacterial
infection
Phototherapy CL Pain

Topical [30]

CL: Cutaneous leishmaniasis; VL: Visceral leishmaniasis; MCL: Mucocutaneous
leishmaniasis; IM: Intramuscular; IV: Intravenous; IL: Intralesional; PO: Oral.

MCL and VL™ (Table 1). However, current alternative
systemic agents to Sb" are limited.

Amphotericin B

More recent clinical trials and clinical experience have
highlighted the use of polyenes such as Amphotericin
B in the treatment of leishmaniasis. Both liposomal
and deoxycholate formulations have been found to
have high affinity to the ergosterol membrane of
Leishmania spp. and create membrane instability™®,
In areas of India, Bangladesh, Bhutan and Nepal where
high resistance of Sb" exists, Amphotericin B is the
therapeutic drug of choice for VL. In these studies,
using high doses of Amphotericin 10 mg/kg and 15
mg/kg demonstrated cure rates of 96% and 100%
after a single dose™®®. In other areas where resistance
to Sb" is not as high but drug toxicity is a concern,
such as in patients co-infected with Leishmania spp.
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and HIV, and in travelers returning from regions where
VL is endemic, Liposomal Amphotericin B again is
the recommended drug of choice'™. Treatment of CL
and MCL caused by L. braziliensis requires systemic
therapy. Studies comparing Liposomal Amphotericin B
to Sb’ have shown superior results when treated with
Liposomal Amphotericin B!"*?®, There is no standard
dosing regimen for treatment of VL with Amphotericin
B; however, lower dosing using Liposomal Amphotericin
B at 3 mg/kg per day administered intravenously for
days 1-5, 14 and 21 (total 21 mg/kg) has been used to
treat CL, although further studies to evaluate optimal
dose and duration are still needed****?!1, Despite
the promising results of Amphotericin formulations
there remain many limitations including the need for
intravenous administration, the significant cost of the
medication, the limited availability of the medication,
the emergence of Leishmania spp. resistance, and
the significant adverse effect profile including renal
insufficiency and electrolyte abnormalities!*®], Despite
its high cost, cost analysis studies have shown the
expense for total treatment with a shorter duration of
therapy with Liposomal Amphotericin is less than with
full treatment with Sb"*!,

Pentamidine

Pentamidine isethionate is an intravenous or intra-
muscular formulation used to treat cutaneous Leish-
maniasis caused by L. amazonensis, L. guyanensis, L.
panamensis and L. peruviana. Pentamidine also serves
as an alternative agent for patients with recurrence
of cutaneous L. braziliensis or an alternative agent
for recurrent VL after treatment failure with Sb" or
amphotericin®**!, The mechanism of action remains
unknown but studies suggest the drug may target
protozoa mitochondria and interfere with biosynthesis
of macromolecules®?*, The optimal dosing of
pentamidine is currently unknown with proposed
dosing of 2-4 mg/kg per day im or iv for 21 d'3.
Adverse effects of Pentamidine include hypoglycemia,
worsening of diabetes, elevated aminotransaminases,
musculoskeletal pain, anorexia, nausea, vomiting,
headaches, bone marrow toxicity, nephrotoxicity,
and cardiotoxicity with arrhythmias, heart failure and
hypotension™?*?*, The extensive side effect profile
limits the use of pentamidine.

Paromomycin

An alternative systemic agent against leishmaniasis
is Paromomycin, an aminoglycoside antibiotic that
blocks protein synthesis through binding of 16S
ribosomal RNA. Paromomycin can be administered
intramuscularly, orally, or topically!*?!, Paromomycin
has been shown to be effective against CL and VL in
areas with susceptible protozoa, although cure rates
vary greatly amongst geographic locations™®. It can be
used alone or in combination with Sb* or amphotericin
B and has been associated with increasing time to
resolution of lesions caused specifically by L. majort. A
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Phase 3 clinical study evaluating the efficacy of topical
combination therapy with 15% Paromomycin and
0.5% Gentamicin applied to each lesion once a day
for 20 d to treat CL has shown promise in advancing
cure rates with reduced systemic absorption®**!,
Phase 2 trials using topical paromomycin plus genta-
micin formulation showed a 6 mo cure rate of 87%
compared to paromomycin alone at 60%"®.. Despite
these advancements, paromomycin has limiting
adverse effects of systemic formulations, which include
ototoxicity, vestibular instability and nephrotoxicity,
as well as with the topical formulations, which include
erythema, pain, edema as well as ototoxicity™**.

Miltefosine

Miltefosine, an alkylphosphocholine, is a promising
oral agent, recently approved by the United States
Food and Drug Administration (FDA) to treat VL,
complicated CL and MCL cases that do not respond to
first line therapeutics™****#, In adults, the treatment
regimen consists of one 50-mg oral capsule twice a
day for 28 consecutive days!*®\. The oral formulation of
miltefosine alleviates the risk, cost, and time demands
of daily intramuscular or intravenous injections*'®), The
mechanism of action is associated with interruption of
phospholipid biosynthesis and alkyl-lipid metabolism in
specific Leishmania spp™. As with other therapeutics
to treat leishmania, the efficacy of Miltefosine is variable
based on species and geographic location'*. Studies in
children specifically showed promising results comparing
Miltefosine to the standard of care, Sb", for treatment of
CL™, Miltefosine has been shown to be effective against
CL by L. major but may also be effective in new world
CL with L. panamensis™. Additional studies have shown
improved cure rates in treating VL in India particularly
when used in combination with paromomycint***,
However, other New World studies have shown inferiority
of miltefosine to Sb" in the treatment of CL in Colombia.
The finding of inferiority in this particular study was
thought to be species specific. Treatment of CL with
Miltefosine in Colombia demonstrated a cure rate of
only 69.8%, which fell to 49% when administered
to patient with lesions caused by L. braziliensis™'.
Miltefosine tends to be well tolerated with minimal non-
specific adverse effects, including vomiting, nausea,
diarrhea, and headache. However, miltefosine is a
teratogen and an abortifacient and must be used with
caution in females of reproductive age!"*®!. Females
of reproduction age who are taking Miltefosine should
be provided with contraception during the course
of treatment as well as for 5 mo post-therapy™**!.
Miltefosine also remains costly and requires prolonged
therapy presenting additional barriers to therapeutic
adherence!*,

Pentoxifylline

Pentoxyfylline, a xanthine derivative, is an orally
administered immunomodulator that is an attractive
therapeutic alternative for CL and MCL. In vitro there is
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no evidence that pentoxifylline directly kills Leishmania
spp. but the major contribution of pentoxifylline is
reduction of the TNF-a mediated tissue damage
caused by Leishmania spp®®®. Pentoxyfylline blocks the
transcription of TNF-a. mRNA from macrophages leading
to reduction in TNF-a synthesis, decreases leukocyte
migration, and decreases leukocyte adhesion™®.
Pentoxifylline also causes significant vasodilation
and increase in red blood cell flexibility for improved
circulation and migration of host defense cells to the
damaged tissuet*?®!, While Pentoxyfylline has been
demonstrated to reduce the concentration of TNF-a
in damaged tissue caused by Leishmania spp. in CL
and MCL, monotherapy has not been associated with
cure®. Pentoxyfylline is more commonly used as an
adjuvant immunomodulating therapeutic agent™®,
In combination therapy regimens, pentoxifylline
allows for reduction in the inflammatory response
and promotes improved defense against protozoa by
Sb'*), Recent studies have shown higher cure rates
and reduction of time to cure using combination of Sb*
and pentoxifylline. The reduction in time to cure has
allowed for shorter Sb" dosing regimens reducing the
risk of adverse effects, the total cost of therapy, and the
total hospital stay associated with prolonged Sb*™®'%%%,
Along with the improved efficacy, pentoxifylline is asso-
ciated with minimal adverse effects even with chronic
use!'?, Adverse effects including nausea, vomiting,
dizziness and headache occur in less than 2.2% of
patients™®®. Additionally there are reports of safe use in
children although large clinical trials are currently not
available!*?,

Azoles

Azoles, e.g., posaconazole, itraconazole, fluconazole
and ketoconazole, are oral therapeutic alternatives for
treatment of Leishmaniasis. Azoles inhibit ergosterol
synthesis through alteration of sterol demethylation
causing the accumulation of sterols!”*?°1, Decreased
production of ergosterol, which composes the cell
wall, inhibits leishmania growth and causes structural
instability of the protozoa®??. In vitro murine studies
suggest azoles have anti-parasitic activity against
certain Leishmania spp. causing VL such as L. infantum
but are less active against L. donovani®”. Ketoconazole
and fluconazole have also been shown to hasten healing
of CL caused by L. mexicana, L. panamensis and L
major™**). While several in vitro studies demonstrate
effective anti-parasitic activity, clinical studies have
not been as promising™. One clinical study did show
comparable outcomes of Ketoconazole to standard Sb*
in the treatment of L. panamensis CL, although more
recent studies have shown clinical benefit is achieved
only with high dosing'®®’. Azoles given at high doses
expose patients to significant hepatic toxicity™*”), In
order to reduce the high dosing, further studies evalu-
ating azoles in combination with other therapeutic
options may provide increased efficacy at lower dosing!"”
%71, Topical imiquimod in combination with itraconazole
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has been shown to have better cure rates when either
of the therapeutics were used alone!'”’,

LOCAL TREATMENTS

Local treatments can be used to treat CL when the
Leishmania spp. has low potential to advance to MCL;
there are a limited number of lesions (less than four);
the lesions are small (< 4-5 cm); the lesions are not
localized on delicate areas of the body; and the host is
not immunosuppressed®?®, The use of local agents is
favorable in these circumstances as they tend to have
less systemic toxicity and allow for outpatient treatment
regimens™. Local therapies are currently considered
first line treatment in most cases of CL"!. Despite these
advantages, there is a need for standardization and
highly scrutinized efficacy studies for the use of local
therapies'®?.

Imiquimod

Imiquimod, a topical imidazole quinolone cream, is a
potent immune-modulator and Toll-like receptor 7 agonist
that induces macrophage activation through production
of pro-inflammatory cytokines interleukin-2, INF-y and
TNF-o*, Direct activation of macrophages mediates
intracellular killing of Leishmania spp.™"!. Topical
imiquimod can be used as monotherapy; however, the
rate of treatment failure is currently unknown. When
used alone imiquimod has demonstrated rapid initial
healing but failed to maintain response after treatment
was stopped. As a result, when imiquimod is used
as monotherapy, patients may need a prolonged
treatment course to ensure therapeutic cure!'!!. More
commonly imiquimod is added in combination with
Sb'I*', Addition of imiquimod cream to a Sb* based
regimen to treat Sb'-resistant CL showed increased
rate of cure and higher sustained treatment response
compared with persons treated with Sb* alonef'?*,
Combination therapy also had increased rates of healing
and an improved overall cosmetic effect with reduced
scarring and reduced hyperpigmentation of the wounds
compared to Sb" therapy alone!**, Imiquimod has
been associated with lower treatment cost and fewer
adverse effects compared to standard of care due
to reduced need for prolonged Sb'™, Imiquimod is
generally well tolerated with the main adverse effect
being irritation at the site of application!!.

Cryotherapy

Cryotherapy uses liquid nitrogen applied directly to
CL lesions and has been proven effective in Old World
CL including L. tropica, L aethiopica and L infantum,
as well as New World CL that has low potential to
progress to MCL such as L. mexicana, L. panamensis
and L. amazonensis™®. Application of liquid nitrogen
is completed 2-3 times each session and repeated
every 1-4 wk until complete healing of the lesion is
achieved™. When used as monotherapy, cryotherapy
has shown cure rates superior to spontaneous healing
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and comparable to intralesional Sb*'*®!, However,
superior results are observed with Cryotherapy in
combination with intralesional Sb*, with a cure rate of
89% compared to cryotherapy alone (75%) or intra-
lesional Sb’ alone (67.8%)"*'*', Cryotherapy, while
safe and effective, can be painful and cause post-
inflammatory hyperpigmentation™®'’*, The availability
of cryotherapy in endemic regions of the world as well
as unknown relapse rates further limit its consistent use
as a therapeutic option for CL!"**",

Thermotherapy

Thermotherapy, i.e., heating the CL lesion to 50 degree
Celsius for 30 s once weekly for 4 wk, has been used for
the treatment of New world CL caused by Leishmania
spp. with low likelihood of progression to MCL, such
as L. mexicana, L. panamensis, L. amazonensist"®°,
Through application of heat radiofrequency, the protozoa
are directly killed™. Compared to intralesional or
parenteral Sb', the duration of therapy and the adverse
effects were reduced when using thermotherapy mono-
therapy!'®. Thermotherapy may put patients at risk
for local blistering and secondary bacterial infection
during the healing period*®’. CO2 Laser is a type of
thermotherapy which operates through thermolysis
on damaged tissues without causing damage to the
surrounding healthy tissue. The CO2 laser is used in one
single session and has been shown to be more effective
than combined therapy of cryotherapy plus intra-
lesional Sb"™'. With disfiguring facial lesions or lesions at
sites at risk of significant scaring, CO2 thermotherapy
may be an alternative therapeutic option'™. Despite
the positive effects of thermotherapy on healing of
wounds, cure rates remain variable from 48%-83%
amongst different Leishmania spp™®. While shown to
be effective in certain species, thermotherapy requires
costly advanced technology equipment and adjuvant
medications including local anesthetic and prophylactic
antibiotics that are not readily available in endemic
areas™'®,

Phototherapy

Photodynamic therapy is an additional new treatment
modality that uses light-mediated cytolysis of protozoa.
The photodynamic therapy is applied once weekly for
a total of 4 wk and does not induce drug resistance
even after repeated applications®®*". Conventionally,
photodynamic therapy requires activation of a topical
photosensitizer, usually aminolevulinic acid (ALA) or
methyl aminolevulinate, followed by irradiation by a
visible light source®”. Activation of the photosensitizer
in the presence of oxygen results in the generation of
reactive oxygen species, activation of host macrophages
and subsequent destruction of the infected tissue™”.
This process can be time consuming and expensive
and requires specialized technology®”. New technology
is emerging that uses daylight activation of the topical
photosensitizers, abolishing the need for specialized
light sources®. It has proven to be effective in the
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treatment of CL caused by both L. major and L.
tropica, with an overall cure rate of 88.9%; however,
efficacy is dependent on weather conditions in geo-
graphic locations™®!. Adverse effects associated with
phototherapy include pain caused by the sudden
activation of the photosensitizer’®”.,

Approach to chemotherapeutics selection

Choosing the appropriate initial therapy for a patient
with leishmaniasis is dependent on the disease
(CL, MCL, DCL or VL), the geographic location, the
Leishmania spp., and the state of the host immune
response.

Currently the WHO recommends pentavalent anti-
monial, sodium stibogluonate 20 mg/kg per day for
21 d, and 1V, as first line therapy for CL and VL"%?!.
However, Liposomal amphotericin B has been found
to be as effective in treatment of VL, and superior in
treatment for MCL, and better tolerated compared to
Sb". As a result the US FDA has approved amphotericin
B as first line therapy for VL caused by L .infantum and L.
donovani®". Patients with CL, DCL and MCL caused by L.
braziliensis, patients in the New World with leishmaniasis
of unknown species, and patients with complicated CL
including lesions on the face or lesions over the joints
should also be treated with Liposomal amphotericin B
3 mg/kg on Days 1-5, 14, 21%%*2% Al patients with
VL, CL, DCL or MCL who are immunocompromised
should be treated with systemic therapy, either
antimony or amphotericin B, as treatment failure and
disease progression is more common in this group".
Due to the reduced side effects and reduced duration
of therapy, Liposomal Amphotericin B should be the
first line therapy in immunocompromised patients
if available. Miltefosine is an appropriate alternative
to Amphotericin B in DCL, MCL and VL caused by L.
donovani and L. infantum™®*",

For cutaneous disease that has low potential to
advance to MCL; is caused by species other than L.
braziliensis; where the patient has a limited humber of
lesions (less than four); where the lesions are small (<
4-5 cm); where the lesions are not localized on delicate
areas; and where the host is not immunosuppressed;
topical therapies such as intra-lesional chemother-
apeutics, thermotherapy, phototherapy or cryotherapy
or combination therapies should be used as first line
therapy are to minimize adverse effects®**",

Vaccines

Preventative and therapeutic vaccines are recognized as
the most efficacious and most cost-effective protection
against leishmaniasis. Currently there is no licensed
vaccine against human leishmaniasis; however, several
vaccine candidates have been tried and several others
are currently under further investigation. Vaccine develo-
pment has been challenging due to the complexity of
the protozoa pathogenesis and the interaction with
the host cell-mediated immune response!*’”). Despite
the complexity of vaccine development, the cost-
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effectiveness of leishmania vaccines makes further
investigation, production and clinical development
an attractive endeavor. Cost-analysis studies have
shown that a vaccine even with a relatively short
duration of protection will affect cost savings and
prevent cases of leishmaniasis. The study found that
a vaccine with 10 years protection used in endemic
areas such as Brazil, Bolivia, Colombia, Ecuador, Peru
and Venezuela that have a country-wide incidence of
at least 0.03% in a total population of approximately
308 million people could prevent 41000-144784 CL
cases at a cost less than the cost of chemotherapy!'.
This held true for vaccines with 5 years of protection
as well™. Leishmania vaccines currently receiving
attention include a live leishmania vaccine, whole killed
or fractions of leishmania, live attenuated and DNA
vaccines.

Live parasites were first tried for vaccine develo-
pment by isolating L. major promastigotes from free
culture and injecting into the patient. While promising
results from live parasite exposure were identified,
the standardization and quality control were lacking
and concerns about possibility of transmission remain
valid”. While live vaccines may prevent future infection,
they are not currently reasonable options for vaccine
development.

First generation vaccines consisting of whole killed
leishmania or fractions of the protozoa have also been
explored. Killed isolated L. amazonensis has been
used as a therapeutic vaccine in combination with
chemotherapy and has been shown to reduce the
required dose of Sb” to achieve cure!, Furthermore,
in Venezuela autoclaved killed L. mexicana has been
used to treat patients with Sb* non-responsive CL".
Killed vaccines are valuable due to their safety in
administration®”, Despite the potential therapeutic
value and minimal safety profile of killed leishmania
vaccines, preventive vaccines have not shown significant
protection™. In studies of autoclaved L. major vaccine,
the host did not mount a robust immunogenic response.
However, with better adjuvants that are able to maintain
effector memory cell activation to achieve protection,
the vaccine potency increases. Addition of different
adjuvants including alum, saponin, cationic liposomes
and MPL-A have all been studied and are associated with
significant cell mediated immune response, humoral
immune response and reduced parasite load™. If
an adequate adjuvant is used to produce improved
immunogenicity with standardized preparation, it is
possible that killed leishmaniasis vaccines may be
candidates for further vaccine discovery as they are
safe, low cost, stable, and composed of the complete
protozoa spectrum of antigens' >,

Live attenuated, recombinant proteins and DNA
vaccines are new vaccine strategies under consi-
deration”’. While some target proteins are conserved
proteins across species, others are species and life cycle
stage specific, making them limited in use!”. Important
recombinant protein candidate vaccines to date include

Raishidenge ~ WJP | www.wjgnet.com

216

surface expressed glycoprotein Ileishmaniolysin (gp63);
Leishmania activated C kinase (LACK); parasite surface
antigen (PSA); Leishmania-derived recombinant poly-
protein (Leish-111f); serine proteases; LEISH-F1;
and LEISH-F2U%, LEISH-F1, three recombinant
proteins conserved in L. donovani, L. chagasi and L.
braziliensis, respectively, and LEISH-F2 re-designed
recombinant protein have undergone phase 1 and
phase 2 clinical trials with significant success against CL
and VL in multiple target locations®*. Both LEISH-F1
and LEISH-F2 have proven to be immunogenic, safe
and well tolerated™®. The next generation LEISH-F3,
another recombinant protein vaccine, is currently
under investigation in phase 1 clinical trials for VL?*>%,
Mucosal vaccination through oral and intranasal
vaccine, using Leishmanial antigen, has shown promise
in mice with L. amazonensis in protection against
developing CL"*\. Additional mechanisms of combining
recombinant parasite-derived nucleoside hydrolase
with antigens from the sand fly genus Lutzomyia for L.
mexicana CL have also been under investigation with
initial successful results™***, Naked DNA vaccines are
another new approach that have shown promise in
animal models”**. Cloned genes encoding the target
proteins are expressed in mammalian plasmids and
injected intra-dermally or intramuscularly”. Replication
within the host leads to expression of the recombinant
proteins for longer periods of time in order to sustain a
more robust immunologic response'”’. As no pathogenic
organisms are used, the potential for infection is non-
existent. It is possible that these DNA vaccines may be
used therapeutically for CL cure as well”. Studies of
live-attenuated leishmaniasis and naked DNA vaccines
are limited, as vaccine development is still in its early
stages. However great strides have been achieved
recently in the development of safe, immunogenic
vaccines!”’,

Lastly, to achieve control of Leishmaniasis, control of
animal reservoirs must also be addressed. L infantum is
a primarily zoonotic disease, affecting millions of dogs
around the world, and remains a source of leishmania
transmission. To break the cycle of transmission new
canine vaccine candidates are also under further inves-
tigation'”’.

CONCLUSION

Early treatment of leishmaniasis is critical to achieve
cure, prevent psychological and social distress,
and prevent transmission of disease!’”!. Untreated
Leishmaniasis - CL, MCL and VL - result in disfiguring
scars and high rates of morbidity and mortality in
highly endemic regions of the world™". Cure rates
with available therapeutics are limited due to cost,
therapeutic toxicity and the growing rate of resistance!*".
The growing rate of drug resistance amongst all
therapeutic options is of particular concern as little is
known about the mechanism of resistance™™. There is
an emergent need for development of new therapeutic
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options with improved tolerability, improved healing
process minimizing scarring, and improved efficacy

amongst all Leishmania spp

[11]

. Despite this need, the

challenges associated with therapeutic development
are vast due to parasite diversity across continents,
the complexity of the host response, and the lack of
full understanding of protozoa pathogenesis™. Gaining
greater understanding on the pathogenesis of the
disease and the interaction with host immune response
might unveil new therapeutic targets, particularly for
vaccine development.
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Abstract

Ulcerative colitis (UC) is an inflammatory destructive
disease of the large intestine occurred usually in the
rectum and lower part of the colon as well as the
entire colon. Drug therapy is not the only choice for
UC treatment and medical management should be
as a comprehensive whole. Many synthetic drugs are
available for the treatment of UC like 5-aminosalicylic
acid, oral or systemic corticosteroids, immunomodulator,
efc. but these drugs are associated with many serious
side effects after long term use or have certain disadvan-
tage or not suitable for the use in some patients. In short
synthetic drugs have many disadvantages and for this
reason effective and safe alternative drug treatment for
the UC is the challenge. Herbal drugs are found to be very
promising results of the treatment of UC and enzymatic
level. Researchers explored many herbal drugs for the
treatment and even many more may found effective
in the treatment of UC. At this point we feel herbal
medicine is the better alternative for the treatment of
UC.

Key words: Ulcerative colitis; Herbal drugs; Synthetic
drugs

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ulcerative colitis (UC) is one of the diseases of
gastro intestinal tract having many serious complications.
Many synthetic drugs are available for the treatment of
UC but they have many serious side effects after long
term use. This review presents potential of traditional/
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herbal drugs in the treatment of ulcerative colitis. Herbal
drugs have great potential with safety which could be
better alternative to synthetic drugs.

Nirmal SA, Gangurde SS, Dumbre PS, Pal SC, Mandal SC.
Challenges and opportunities in the treatment of ulcerative colitis.
World J Pharmacol 2015; 4(2): 219-226 Available from: URL:
http://www.wjgnet.com/2220-3192/full/v4/i2/219.htm DOI:
http://dx.doi.org/10.5497/wjp.v4.i2.219

INTRODUCTION

Ulcerative colitis (UC) is chronic idiopathic inflammatory
bowel disorders (IBD) in which patients require lifelong
treatment!'l, Corticosteroids, immunosuppressants and
antitumour necrosis factor (TNF) antibodies are used in
conventional treatment of IBD but due to long term use
they are associated with very serious side effects like
malignancy™®® and this is the reason nowdays patients
prefer complementary and alternative medicine (CAM)
as it is more safe compared to synthetic drugs. This
is proved by a survey conducted to observe patients
preference for CAM drugs™. CAM treatment involves
use of herbal medicine, dietary supplementation
like probiotics and prebiotics and acupuncture and

moxibustion treatments in IBD patients™.

SOME FACTS ABOUT UC

Incidence of UC depends on gender, age, and geo-
graphy™” but men and women have an equal risk for
UC. IBD is more prevalent in young people (10-19 years
age), but it can occur at any age. Caucasians have more
risk than Africans for the incidence of IBD while Asian
and South American have lower incidences. Smokers
have lower than incidences of UC than other patients.
Study showed that smoking protects against UC. Breast
feeding reduces risk of UC. Left-handed people have a
significantly higher risk for IBDs than others. Persons
with history of depression or anxiety have higher risk
of UC because depression alters immunity and makes
person more susceptible to UC®®,

SIDE EFFECTS OF SYNTHETIC DRUGS

Both medications and surgery have been used for
the treatment of UC™. Generally surgery is done for
life-threatening complications. As there is no perfect
medication for UC, the goals of treatment with synthetic
drug is to prevent remissions of UC and to improve the
quality of patients life***!, Table 1 summarizes various
drugs used for the treatment of UC with their side
effects.

INFLAMMATORY MEDIATORS

Humoral immunity is increased in IBD patients that
can be confirmed by increased levels of immune
globulins (IgG1)" and autoantibodies'***’!. Same
thing is evidenced when mucosal plasma cells from UC
patients showed increased levels of IgG1'!. Anticolon
and antineutrophil antibodies are observed in UC
patients®***, Exaggerated Th2 response - elevated
interleukin-5 (IL-5) profile is observed in UC patients®",
Levels of various cytokines such as IL-1, IL-6, IL-8 and
tumor necrosis factor-alpha (TNF-a) are found elevated
in IBD*>?%,

OXIDATIVE STRESS IN ULCERATIVE
COLITIS

It is observed that level of oxidative stress is increased
in the intestinal mucosa of ulcerative colitis patients.
Oxidative DNA damage may occur in IDB patients,
which can be evidenced by production of 8-hydroxy-
deoxyguanosine (8-OHdG). Levels of vitamins A and
E are found to reduce in UC patients as compared to
normal persons. Mucosal biopsies of UC patients showed
increased reactive oxygen intermediates, DNA oxidation
products (8-OHdG), and iron in inflamed tissue com-
pared to normal at the same time levels of copper
and zinc is found reduced which acts as cofactors for
the endogenous antioxidant superoxide dismutase!®”’.
Reactive oxygen species (ROS) activate nuclear factor-
kappa B (NF-xB) which increases production of TNF-a
and again TNF-a. cause production of ROS. In this way a
cycle in induced by increased oxidative stress.

SYMPTOMS OF UC

ROLE OF GLYCOSAMINOGLYCANS

Ulcerative colitis can be diagnosed by symptoms like
fever, fever with chills, loss of appetite, weight loss,
impaired growth in children, tenesmus, ulcers and
fistulae, recurrent diarrhea”**®, presence of blood
is observed in stools, constipation, an ache around
the top of the hipbone, or cramps in the middle of the
abdomen, bloating, nausea, vomiting, anemia, toxic
megacolon, abdominal pain and distention, dehydration,
and malnutrition™®®*"), colon cancer, arthritis, red eyes,
vision impairment and diseases of the liver and bile
ducts.

Baishidenge ~ WJP | www.wjgnet.com

220

Glycosaminoglycans (GAGSs) is a important substance
that affect permeability and immune/inflammatory
reactions of the colon. Altered GAG content in the
colon of IBD patients is observed. UC patients showed
abnormal distribution of GAGs, with significantly
greater amounts of total glycosaminoglycans, heparan
sulfate, and hyaluronic acid than normal person™®®. 1t is
hypothesize that change in negatively charged sulfated
compounds can affect the passage of substances
through the colonic mucosa, leading to leakage of
proteins and fluids, thrombosis, and extensive remo-
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Table 1 Allopatic drugs used for the treatment of ulcerative colitis and their side effects

Drug Use Dosage form Disadvantages Ref.
5-aminosalicylic acid Treatment of tissue inflammation Enema or Enema solution cannot reach high enough to treat [13]
compounds orally inflammation in the upper colon and if taken orally,
however, the stomach and upper small intestine absorb
most of the drug before it reaches the colon
Sulfasalazine Decreasing intestinal inflammation and Orally Nausea, heartburn, headache, anemia, skin rashes, and in ~ [14]
relieving symptoms of abdominal pain, rare instances, hepatitis and kidney inflammation. In men,

diarrhea, and rectal bleeding sulfasalazine can reduce the sperm count
Olsalazine (consists of Decreasing intestinal inflammation and Orally Secretory diarrhea [15]
two 5-ASA molecules relieving symptoms of abdominal pain,
linked together) diarrhea, and rectal bleeding
Corticosteroids Corticosteroids do not require direct contact Orally, Some patients become corticosteroid dependent and [16]
(prednisone, with inflamed intestinal tissues to be effective. intravenous consistently develop symptoms of colitis
prednisolone, These are potent anti-inflammatory agents Whenever the corticosteroid dose is below a certain

hydrocortisone, efc.)

Immunomodulator Immunomodulators decrease tissue

medications inflammation by reducing the population of
immune cells and/or by interfering with their
production of proteins that promote immune

activation and inflammation

Azathoprine and
6-Mercaptopurine

These are used mainly in the following
situations, UC and CD patients with severe
diseases not responding to corticosteroids,

patients experiencing undesirable
corticosteroid-related side effects, patients
dependent on corticosteroids and unable
to discontinue them without developing
relapses
Methotrexate Helpful in treating patients with moderate
and azathioprine nor tolerate these two
medications
Cyclosporine Treatment of severe UC. It is useful in
fulminant UC and severely ill patients who

do not respond to systemic corticosteroids  intravenously

Orally or
to severe CD who neither respond to 6-MP  intramuscular

Orally as
well as

level. Common side effects include rounding of the
face (moon face), acne, increased body hair, diabetes,
weight gain, high blood pressure, cataracts, glaucoma,
increased susceptibility to infections, muscle weakness,
depression, insomnia, mood swings, personality changes,
irritability, and thinning of bones (osteoporosis) with an
accompanying increased risk of compression fractures
of the spine. Children on corticosteroids can experience
stunted growth

Orally Risks of infection due to weakened immunity [17]

Increased vulnerability to infections, inflammation of the ~ [18]
liver (hepatitis) and pancreas (pancreatitis), and bone
marrow toxicity (interfering with the formation of cells
that circulate in the blood). 6-MP can reduce the sperm
count in men
When the partners of male patients on 6-MP conceive,
there is a higher incidence of miscarriages and vaginal
bleeding. There also are respiratory difficulties in the
newborn
Development of liver cirrhosis when the medication [19]
is given over a prolonged period of time (years). Low
white blood cell counts and inflammation of the lungs.
Methotrexate should not be used in pregnancy
High blood pressure, renal function impairment, tingling  [20]
sensations in the extremities, anaphylactic shock and
seizures

5-ASA: 5-aminosalicylic acid; UC: Ulcerative colitis; CD: Crohn’s disease.

deling observed in UC and IBD'*?\, These changes leads
to the inflammatory process as hyaluronic acid can
interact directly with lymphocytes, inhibit macrophage
response to cytokines, and increase phagocytosis.
GAG content has been associated with alteration in the
distribution of macrophages reactive to TNF-¢.*°.

ROLE OF HERBAL MEDICINES IN THE
TREATMENT OF ULCERATIVE COLITIS

Herbal medicine means use of folk and/or traditional
medicinal practice by using plants and/or plant extracts
for the treatment of various diseases or disorders.
Eighty percent population from developing country
depends on herbal medicines for the treatment of their

Baishidenge ~ WJP | www.wjgnet.com

diseases. Recent studies showed that about 20%-26%
patients use TCM therapies for the treatment of GI
symptoms and another observation is that generally
patients having chronic GI disorders use or prefer
TCM therapies™ . This use of TCM for the treatment
of IBD is spread to Western world and in many Asian
countries®, In ancient times Chinese people’s are using
herbals for the treatment of UC and this is evidenced by
Chinese literature. The main intention of using herbals
for the treatment of UC was the belief that natural drugs
are safe and around 30% peoples think that herbal
preparations don’t cause any harm or side effects.
Herbal drugs contains numerous chemicals and that is
the reason its effect is unpredictable". Today, TCM is
most popular way of treatment for UC in Eastern Asian
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Table 2 Medicinal plants used for the treatment of ulcerative colitis with their mechanism of action

Sr. No. Plant Mechanism Ref.

1 Acacia ferruginea Acacia ferruginea extract significantly resist UC via modulation of oxidant/anti-oxidant balance and [37]
inhibition of inflammatory mediators. Extract inhibited the activation and translocation of transcription
factors (NF-«B subunits (p65/p50)
2 Passiflora edulis Passiflora edulis peel can significantly resist 2,4,6-trinitrobenzenesulphonic acid-induced ulcerative colitis  [38]
by modulating microbiota and could be used as a source of fiber and polyphenols in the prevention of
oxidative stress through the improvement of serum and tissue antioxidant status

3 Arnebia euchroma Effectiveness of a hydroxynaphthoquinone fraction from Arnebia euchroma was evaluated with TNBS- [39]
induced UC. The underlying mechanism may be associated with TNF-a. inhibition in colonic tissue with
the dose of 10 mg/kg
4 Cannabis Cannabis had been used successfully to relieve the symptoms associated with IBD by inhalational route [40]
5 Rhizophora apiculata R. apiculata significantly resist acetic acid induced colitis in experimental mouse model by increasing [41]

anti-oxidant enzymes such as SOD and GSH and reducing LPO, NO and inflammatory mediators such as
MPO, LDH, iNOS, COX-2 and TNF-a expressions. And also inhibits the translocation of NF-xB p65 and
p50 subunits
6 Hymenaea stigonocarpa Total flavonoid of stem bark extract and fruit pulp flour of Hymenaea stigonocarpa significantly resist [42]
TNBS-induced colonic damage in rats. Its mechanism may be related to inhibition of MPO and AP
activities, reduction in colon MDA content, and counteraction of GSH depletion induced by inflammatory
process
7 Helicteres angustifolia Aqueous extract of Helicteres angustifolia significantly resist UC induced by TNBS by keeping balance of ~ [43]
inflammatory factors in blood and also by improving increasing expression of IL-10 and decreasing the
expressions of IL-6 and TNF-o
8 Ilex kudingcha Methanol extracts of Ilex kudingcha increased glutathione and reduced colonic myeloperoxidase and [44]
malondialdehyde levels in the colon tissue and prevented edema, mucosal damage and loss of crypts. It
also decreased anti-inflammatory effects by decreasing the levels of TNF-o, IL-1B and IL-6 in the colon
tissues on 3% DSS-induced UC in mice
9 Peony TGP showed positive effect in 2,4,6-trinitrobenzene sulfonic acid TNBS/ ethanol-induced colitis by [45]
significant improvements of DAI, CMDI, HPS, and MPO activity. Moreover, administration of TGP (50
or 100 mg/kg per day) decreased the up-regulated levels of serum TNF-a and IL-1p, and expression of
TNF-a and IL-13 mRNA and protein in colonic tissues, and increased the serum IL-10 and colonic IL-10
mRNA and protein level
10 Olea europaea Total phenolic secoiridoid of oleuropein, the major phenolic secoiridoid in Olea europaea significantly [46]
resisted dextran sodium sulfate-induced chronic colitis in mice. It decreased inflammatory cell and
released the inflammatory cytokines IL-1p and IL-6 with increased IL-10 levels in colon tissue. The anti-
inflammatory mechanism of oleuropein was associated with the suppression of the phosphorylation of
P38 mitogen-activated protein kinase and might be mediated by up-regulation of annexin A1l
11 Plumbagin plants Naphthoquinone constituent of Plumbagin plants significantly resist ulcerative colitis in mice by reducing  [47]
the levels of proinflammatory cytokines (TNF-a, IFN-y, and IL-17) but cytokine levels remained unaffected
with restoration of goblet cells in colon of mice

12 Euphorbia granuleta Alcohol extracts of Euphorbia granuleta (Euphorpiaceae) significantly resist UC by reducing the pro- [48]
inflammatory cytokine TNF-a and colonic MDA contents
13 Amaranthus roxburghianus Combination of hydroalcoholic extract of roots of A. roxburghianus and piperine showed minimal [49]

ulceration, hemorrhage, necrosis and leucocyte infiltration and significantly reduced malondialdehyde
and myeloperoxidase levels and increased glutathione levels in blood and tissue
14 Curcumin Oral curcumin extract decreases colon injury with decreased inflammatory reactions, lipid peroxidation, [50]
apoptotic cell death, and modulating p38- and JNK-MAPK pathways in acetic acid-induced colitis
15 Bauhinia tomentosa Extract of Bauhinia tomentosa significantly inhibit colitis by regulating the antioxidant and inflammatory ~ [51]
mediators with decreasing myeloperoxidase, tumor necrosis factor and inducible nitric oxide synthase
expression on acetic acid induced ulcerative colitis
16 Cistanche tubulosa Echinacoside enriched extract of Cistanche tubulosa significantly resist DSS-induced colitis by protecting  [52]
intestinal epithelium from inflammatory injury and by upregulating TGF-B1 which enhanced in vitro
wound healing activity as well as with an increase in the number of Ki67(+) proliferating cells in diseased
colons
17 Garcinia kola A natural biflavonoid, kolaviron from the seeds of Garcinia kola significantly increase the inflammatory [53]
mediators, IL-1B and tumour necrosis factor alpha, in the colon of DSS-induced ulcerative colitis in rats
The anti-colitis effect of kolaviron is related to its intrinsic anti-inflammatory and anti-oxidative properties
18 Marine mangrove Avicennia Marine mangrove Avicennia marina extract significantly decreased the colonic lipid peroxides, [54]
marina glutathione peroxidase, serum nitric oxide and significantly increased the colonic and erythrocyte
superoxide dismutase and glutathione levels against acetic acid-induced colitis due to the presence of
higher levels of decanoic acid, DEHA, pentanoic acid, pyrrolidine, 4-chlorophenyl, thiazolidinones, and
arabinopyranoside (flavonoid)
19 Soy extract FSG with standardized isoflavone and stable BBI content exert cumulative or synergistic protection [55]
based on protease inhibition and ER-ligand activity in colitic rats. It improved the severity of colitis, by
decreasing the TNBS-induced rise in gut permeability, visceral sensitivity, faecal proteolytic activity and
PAR-2 expression at all post-TNBS points
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Effect of Aegle marmelos unripe fruit extract was studied on acetic acid induced ulcerative colitis and
indomethacin-induced enterocolitis in Wistar albino rats. Its mechanism is related with protection in
mast cell degranulation by significantly decreasing the MDA levels and increased SOD activity. Extract
produced anti-inflammatory, antioxidant, and mast cell stabilizing effects demonstrating protective effect
in inflammatory bowel disease
A. panculata extract at a dose of 1800 mg daily were found to be effective in the treatment of ulcerative
colitis
Fruit pulp of Terminalia chebula TCE (600 mg/kg) shows healing effect against acetic acid induced colitis
in rats. TCE showed antibacterial activity and both TCE and SS enhanced the antioxidants, but decreased
free radicals and myeloperoxidase activities affected in acetic acid-induced colitis
HAG cause apoptosis and suppress mouse colitis through a p53-mediated mechanism. HAG might
be very effective in targeting the inflammatory cells and cancer cells since it induces apoptosis of
inflammatory cells and cell cycle arrest in both p53-/- and WT p53 colon cancer cells
Anthocyanins from Vaccinium myrtillus were shown to have antioxidative and anti-inflammatory effects
are useful in the treatment of UC
Results show that a combination of Moringa oleifera root extracts with Citrus sinensis fruit rind extract
is effective in the treatment of UC and results are comparable with the standard drug prednisolone. The
combination reduced the levels of MPO and MDA in blood and tissue
Lavandula intermedia protected acute colitis in a mouse model of caused by Citrobacter rodentium.

It reduced intestinal tissue damage, and decreased infiltration of neutrophils and macrophages, with
reduced levels of TNF-a, IFN-y, IL-22, macrophage inflammatory protein-2a, and inducible nitric oxide
synthase expression
The CA, a constituent of Chelidonium majus L., has protective effects against DSS-induced UC. CA was
found to regulate levels of IL-6 and tumor necrosis factor-o in serum. In colonic tissues, prostaglandin E(2)
production levels and COX-2 and HIF-1a expression levels were increased by DSS, but CA attenuated
increases in COX-2 and HIF-1a levels
Extracts of the plant Boswellia serrata showed significant reduction in lipid peroxidation and SOD level
and GPx glutathione level increased significantly. The activity might be due to presence of antioxidant
substances
Apple extract treatment reduced the severity of colitis. Apple polyphenols reduced the degradation of
tissue transglutaminase protein occurring through calpain action. The efficacy of apple extract is mediated
by its effects on COX-2 and TNF-a. The unbalance between calpain and tissue transglutaminase may
play a role in colonic damage and future therapeutic interventions in ulcerative colitis can target this
mechanisms
The bark of Cordia dichotoma f. (Boraginaceae) was used in the treatment of ulcerative colitis. Apigenin
(5 mg/kg, p.o.) isolated from methanol extract of C. dichotoma bark showed significant healing and
reduction in inflammatory enzymes when screened for UC
Ethanol extract of Vitex negundo Linn. (Verbenaceae) root is effective in the treatment of UC. Extract
reduced MPO and MDA levels in blood and tissue
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UC: Ulcerative colitis; TNBS: 2,4,6-trinitrobenzene sulfonic acid; IBD: Inflammatory bowel disorders; SOD: Superoxide dismutase; GSH: Glutathione;
LPO: Lipid peroxides; NO: Nitric oxide; MPO: Myeloperoxidase; LDH: Lactate dehydrogenase; iNOS: Nitric oxide synthase; COX-2: Cyclooxygenase-2;
TNF-a.: Tumor necrosis factor-o; AP: Alkaline phosphatase; MDA: Malondialdehyde; DSS: Dextran sulfate sodium; TGP: Total glucosides of peony;
CMDI: Colon macroscopic damage index; DAI: Disease activity index; HPS: Histopathological score; IL: Interleukin; TGF: Transforming growth factor;

DEHA: Diethylhydroxylamine; FSG: Fermented soy germ extract; BBI: Bowman-birk bnhibitors; ER: Estrogen receptor; HAG: Hexane fraction of

American ginseng; CA: Chelidonic acid; HIF-1a: Hypoxia induced factor-1a; GPx: Glutathione peroxidase.

countries. Slippery elm, fenugreek, devil’s claw, Mexican
yam, tormentil, and Wei tong ning (a TCM) are some
of the herbal remedies for the treatment of IBD!***,
Chen et a*® compared TCM and synthetic drugs for the
management of UC and result showed that 118 cases
of UC patients were treated with integration of TCM and
86 cases of UC were treated with prednisone as controls
(Table 2).

of herbal medicines is available with promising results
for the treatment of UC. Now it is proved that herbal
medicines and TCM can treat conditions of ulcerative
colitis. We feel it is the duty of physicians to guide UC
patients to inform them regarding availability of TCM
treatment which is more effective and safe. These
herbal medicines have opened new avenues for the
treatment of UC. Thus we feel that herbal medicines are

better option for the treatment of UC.

CONCLUSION

Ulcerative colitis is a chronic disease condition in which REFERENCES
patients need to be treated with medicines throughout 1
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AIM: To investigate the efficacy of fu-gi granule (FQG)
on carbon tetrachloride (CCl4) induced liver fibrosis in
rats and the underlying mechanisms.

METHODS: Sixty rats were randomly divided into six
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groups: normal control group, CCls induced liver fibrosis
group, AnluoHuaxianWan group and three treatment
groups of FQG. Treatment of rats with intraperitoneal
injection of carbon tetrachloride solution at 0.3 mL per
100 g body weigh twice a week for 8 wk. The normal
control group the rats were given the media (olive oil)
at the same time. In the first 2 wk, rats were raised with
feedstuff (80% corn meal, 20% lard, 0.5% cholesterol).
Serum samples were collected for alanine transaminase,
aspartate aminotransferase, alkaline phosphatase,
albumin, total protein assay and typical histopathological
changes was observed in Hematoxylin-eosin staining
sections. Smooth muscle alpha actin (a-SMA) was
analyzed with immunohistochemistry. Mammalian target
of rapamycin (mTOR) and hypoxia-inducible factor-1
(HIF-1a)) expressions were detected by Western blot-
ting. Tissue inhibitor of matrix metalloproteinases-1
(TIMP-1) and matrix metalloproteinases-9 (MMP-9) were
measured with semi-quantitative reverse transcriptase-
polymerase chain reaction.

RESULTS: FQG significantly reduced the serum levels
of alanine transaminase, aspartate aminotransferase,
alkaline phosphatase and increased the serum contents
of albumin, total protein in rats with liver fibrosis.
Moreover, FQG promoted extracellular matrix degradation
by increasing MMP-9 and inhibiting TIMP-1 and o-SMA.
MTOR and HIF-1la expression in liver significantly
decreased in the rats treated with FQG.

CONCLUSION: The results indicated that FQG signi-
ficantly reverse fibrosis induced by CCls, which should be
developed as a new and promising preparation for the
prevention of liver fibrosis.

Key words: Protective effect; Fu-gi granule; Carbon
tetrachloride; Mammalian target of rapamycin/p70S6K
signal pathway; Liver fibrosis

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fu-qgi granule (FQG) is traditional Chinese
medicine preparation to prove the antifibrotic properties of
traditional Chinese drug composed of six medicinal herbs
in rats treated with carbon tetrachloride. we checked
activities of liver enzymes, histopathological changes
within the liver as well as the expression of mammalian
target of rapamycin (mTOR) and hypoxia-inducible
factor-1 and tissue inhibitor of matrix metalloproteinases-1
and matrix metalloproteinases-9. FQG can attenuate liver
fibrosis induced by carbon tetrachloride vi@ mTOR/p70S6K
signal transduction pathway.

Zhong L, Sun YL, Shi WL, Ma X, Chen Z, Wang JB, Li RS,
Song XA, Liu HH, Zhao YL, Xiao XH. Protective effect of fu-
qi granule on carbon tetrachloride-induced liver fibrosis in rats.
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INTRODUCTION

As one of the common response to different kinds of
liver injuries, such as autoimmune diseases, metabolic
diseases, alcohol abuse, cholestatic liver disease!®,
together with hepatitis. Liver fibrosis usually results in
hepatic microstructure distortion and liver dysfunction
with characterization of extracellular matrix (ECM)
overproduction and irregular deposition in liver tissues',
which seriously threatens human health. Therefore,
it could be given a hint that the prevention of the
progression from liver injury to liver cirrhosis may due to
interruption and reversion of hepatic fibrosis.

Although there are many pathways and targets
involving in liver fibrogenesis, however, by now, the
mammalian targets of rapamycin (mTOR)/p70S6 kinase
(p70S6K) signal pathways are receiving more and more
attentions. It is reported that mTOR which were an
regarded as an internal evolutionarily hidebound kinase,
are taking advantage of controling serine threonine
synthesis via phosphorylation of its downstream targets'®’.
Being a mitogen-activated protein kinase, the p70S6K is
playing an extremely major role in cell life cycle survival,
proliferation or regulation™. Additionally, mTOR/p70S6K
signaling pathways inhibited hepatic stellate cell (HSC)
proliferation, which could be as an effective anti-fibrotic
strategy™.

Currently, several agents have showed promising
anti-fibrogenesis effect in liver'™. However, there still
seems a long way to apply the agents in the clinical
application'”. Having been used for thousands of years
in China, Traditional Chinese medicines (TCM) has
been playing a special role in liver diseases treatment
from a unique perspective®. With good therapeutic
effects on liver fibrosis, traditional Chinese medicine
has attracted more and more attentions and people
are trying to explore new preparation of TCM and
investigating the potential mechanisms'. Since TCM
has specific characteristics with multi-constituents,
multi-ways and less side effects, studies on traditional
Chinese medicine with anti-fibrosis effects have been
shown more important in today™.

Fu-gi granule (FQG) is a new type with traditional
Chinese medicine preparation. It was prepared by
the astragalus membranaceus (Fisch.), broussonetia
papyrifera (L.), poria cocos (Schw.) and angelica sinensis
(Oliv.) via water extraction. Then the extraction was
filtrated and the filtration liquid was enriched and dried
to powder. The powder was mixed with Equus asinus
L and Fermentative cordycepic fungal powder and the
mixture was added dextrin to the preparation of FQG.
These plants are chosen for the anti-fibrosis agent is
because of their pharmacological properties and clinical
curative effect is better against liver fibrosis in 302
Military Hospital of China.

Based on the theory of TCM, liver fibrosis is chara-
cterized by humidity, fever, blood-stasis, poison, and
both gas and yin asthenia''*. Therefore, FQG is
used to treat liver fibrosis by clearing heart and damp,
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removing stasis and toxin in the liver. In modern
pharmacy, Astragalus membranaceus and Poria cocos
were also widely investigated in liver desease. Astra-
galosides was a potent chemical ingredient and it can
protect acute liver injury and fibrogensis™. In addition,
in order to compare the anti-fibrotic effecacy of FQG,
AnluoHuaxianWan group (ALHXW) was also used as
a positive-control drug in the experiment. According
to the basic theories of TCM and results of modern
pharmacology, the aim of this research is looking
into the function of FQG regarding anti-liver fibrosis.
Meanwhile, its underlying mechanisms on FQG for liver
fibrosis were also investigated.

MATERIALS AND METHODS

Materials

The composition of FQG included Astragalus mem-
branaceus (Fisch.), Angelica sinensis (Oliv.), Poria cocos
(Schw.), Broussonetia papyrifera (L.), Equus asinus
L. and Fermentative cordycepic fungal powder. It was
prepared by the Astragalus membranaceus (Fisch.),
Angelica sinensis (Oliv.), Poria cocos (Schw.) and
Broussonetia papyrifera (L.) via water extraction. Then
the extraction was filtrated and the filtration liquid was
enriched and dried to powder. The powder were mixed
with Equus asinus L and Fermentative cordycepic fungal
powder and the mixture was added dextrin to the
preparation of FQG.

Animals and treatments

Sixty Sprague-Dawley male rats (180-200 g) were
obtained from Experimental Animal Center of Medi-
cal Sciences of Chinese People’s Liberation Army
(Beijing, China). Animal certificate was SCXK-(Army)
2012-0004.

Rats were housed 5 per cage with food and water
ad libitum. All procedures involving animals and their
care were following the regulations of the Committee
on use of Human and Animal Subjects in Teaching
and Research of the 302 Military Hospital of China. A
total of 60 rats were randomly divided into six groups:
normal control group, CCls induced liver fibrosis
group, ALHXW and three treatment groups of FQG
(n = 10, respectively). Except for the normal control
group, all the rats were administered with carbon
tetrachloride solution (CCl+ dissolved in olive oil, 5:5,
v/v) at 0.3 mL/100 g body weight for the first time
by intraperitoneal injection, and then with carbon
tetrachloride solution (CCls dissolved in olive oil, 3:7,
v/v) at 0.3 mL per 100 g body weigh twice a week for 8
wk***1, The normal control group the rats were given
the media (olive oil) at the same time. In the first 2 wk,
rats were raised with feedstuff (80% corn meal, 20%
lard, 0.5% cholesterol)!*®,

At the end of the 8" week, the ALHXW was oral
administered with ALHXW (2.16 g/kg per day), which
used for a positive-control drug. The treatment group
was treated with high, medium and low doses of FQG
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(5.4, 2.7 and 1.35 g/kg per day, respectively) by oral
administration. The control group and CCl4 induced liver
fibrosis group were given equivalent saline every day
for 6 wk. All animals were anesthetized after the last
administration. Blood was taken from the inferior vena
cava, centrifuged at 3000 r/min, 4 °C, for 10 min, and
serum was kept at -20 °C for assay. Liver samples were
taken and washed immediately with ice cold saline.
Subsequently, the liver was divided into two parts. One
was immediately stored at -80 °C for future experiment,
and the other one was fixed in 4% formalin solution for
histopathologic examination.

Serum biochemical analysis

Serum levels of alanine transaminase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
albumin (ALB) and total protein (TP) were measured
by commercially available kits (Mindray bio-medical
electronics co, LTD. Shenzhen, China) according to the
manufacturer’s instructions.

Histopathological examination

Left lobe liver tissues were fixed in 4% buffered
paraformaldehyde and dehydrated with different graded
alcohol series. After paraffin embedded, and cut into 5
um sections, they were stained with hematoxylin and
eosin (HE) for histopathological examination.

Immunohistochemical staining

The same part of liver in each group was fixed with 4%
paraformaldehyde, dehydrated by ethanol gradients,
paraffin embedded, sectioned into thickness of 5
microns, and underwent regular dewaxing. Endogenous
peroxidase activity was blocked with 3% H:0:. After
microwave treatment with 0.1 mol/L citrate buffer and
blockage of non-specific antigen with horse serum,
rabbit polyclonal antibody against rat Smooth muscle
alpha actin (a-SMA) (Calbiochem Biotechnology, San
Diego, CA, United States) (1:150 diluted in blocking
buffer) was added, followed by overnight incubation at
4 °C. The membrane was washed three times with 0.1%
Tween-PBS. Antibody-antigen complexes were detected
with DAB as the substrate. An interstitial brown stellate
structure was regarded as positive for a-SMA.

Western blot analysis for mTOR and hypoxia-inducible
factor-1

The liver tissues were washed with PBS and total cell
lysates were prepared by adding cell lysis buffer (50
mmol/L Tris-HCI, pH = 8.0, 150 mmol/L solid acid
sodium, 1% TritonX-100). The proteins were separated
by electrophoresis on 10% SDS-PAGE gel with Bio-
Rad electrophoresis system!”), (Bio-Rad Laboratories,
Hercules, CA, United States). The membrane was
blocked and incubated with primary antibodies overnight
at 4 C. The primary antibodies, phospho-mTOR (serine
2448) and hypoxia-inducible factor-1a (HIF-1a) (Cell
signaling TECHNOLOGY), were used for detection of
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Figure 1 Serum alanine transaminase, aspartate aminotransferase, alkaline phosphatase, albumin and total protein levels. I: Control group; II: Model
group; III: ALHXW group; IV: High-dose of FQG groups; V: Medium-dose of FQG; VI: Low-dosage of FQG group. ALT: Alanine transaminase; AST: Aspartate
aminotransferase; ALP: Alkaline phosphatase; ALB: Albumin; TP: Total protein; FQG: Fu-gi granule.

mTOR and HIF-1a, respectively. GAPDH protein was
used as the internal control.

Reverse transcription polymerase chain
reaction analysis of tissue inhibitor of matrix
metalloproteinases-1 and matrix metalloproteinases-9
Total RNA was extracted from liver tissues of each
group with Trizol reagent (Takara Biotechnology Dalian
CO., LTD.) according to the manufacturer’s protocol.
The isolated RNA was dissolved in RNase-free water
stored at -80 'C immediately. RNA was quantified by
optical density measurement at 260 nm on a spectro-
photometer.

Reverse transcription reaction was performed with
2 nug of total RNA, which was used for polymerase chain
reaction (PCR) amplification of cDNA products. The PCR
of B-actin cDNA, which was used as an internal control,
was carried out in the same tubes as for the genes.
The products of PCR amplification were analyzed by
electrophoresis on 1.5% agarose gel. The PCR product
signal intensities were measured by scanning the
gels. Tissue inhibitor of matrix metalloproteinases-1
(TIMP-1) and matrix metalloproteinases-9 (MMP-9)
densitometric measurement was normalized with the
internal control p-actin. The primers used were as
follows: TIMP-1, Forward GACCACCTTATACCAGCGTT
and Reverse TCGAGACCCCAAGGTATTG; MMP-9,
Forward CTGTATGGCTTCTGTCCTA and Reverse GGCTT-
CCTCCGTGATT.
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Statistical analysis

Results were expressed as mean £ SD. Test data
were analyzed with one-way variance (SPSS 20.0).
Deviations with P < 0.05 were considered the presence
of statistically significant.

RESULTS

FQG rescues CClsinduced live functional damage

The blood serum AST, ALT, ALB, ALP and TP activity
in various experiment groups is seen in Figure 1.
Activity of ALT, AST, ALP have increased markedly, both
serum ALB and TP activity were created a dramatic
decreased in CCls-duplicate liver fibrosis group (P <
0.05). Whereas three treatment groups of FQG showed
the opposite response, which serum ALT, AST and ALP
activities in rats were significantly improvement and
the levels of ALB, TP were increased respectively higher
than model group.

FQG protect liver damage induced by CCls

In order to evaluate the pathological changes in liver
tissue, HE stain methods were employed in examin-
ation of liver tissue. Liver tissues of the group with
normal saline have inerratic lobular composition with
central veios and hepatic cords (Figure 2A). In the
CCls group, serious injuries such as fibrous tissues
hyperplasia, formed complete septa and pseudo lobule
was observed in liver morphology (P < 0.05) (Figure
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Figure 2 Effect of fu-qi granule on histopathological changes of liver (hematoxylin and eosin x 10). A: Control group; B: Model group; C: ALHXW group; D:
High-dose of FQG-treated rats; E: Medium-dosage of FQG-treated rats; F: Low-dose of FQG-treated rats. Black arrow represents the pathological section. FQG: Fu-qi

Granule.

2B). In the groups treated with ALHXW, high dosages
and middle dosages with FQG groups correspondingly
appear alleviate tissue destroy compared with model
group (Figure 2C-E). However, low-dose of FQG groups
had no obvious effect (P < 0.05, Figure 2F).

FQG inhibits o.-SMA expression in CCls treated rats
Compared with control group, a-SMA expression was
increased significantly in the model group by method
of immunohistochemical assay (Figure 3A and B).
In the FQG treated rats groups with high-dose and
meddle-dose, a-SMA expression of the liver tissues
was noticeable reduction compared with CCls induced
model groups (Figure 3D and E). Besides, expression
of a-SMA was drastically diminished in rats does by
high-dose of FQG compare with ALHXW and low-dose
of FQG (Figure 3C and F).

HIF-1c. and mTOR protein expression

The mTOR and HIF-1a expression was detected
undergo Western blotting. Studies have discovered
that mTOR and HIF-1a expressions with hepatic tissue
in models group were markedly increased, however,
it was to observe the expression of mTOR and HIF-1a
was significantly lowered in experimental rats with FQG
intragastric administration group (Figure 4).

Detection of MMP-9 and TIMP-9 with reverse
transcription-PCR

The results of semiquantitative reverse transcription-
PCR (RT-PCR) expressions of MMP-9 and TIMP-1 in
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the hepatic tissues of different groups are exhibited
in Figure 5. Experimental results showed that TIMP-1
expression dramatically stronger in treated with carbon
tetrachloride than normal group, and its expression
declined sharply in rats treated with high dosage of
FQG. In contrast, the expression of MMP-9 was inferior
in rats injected with CCls relatively physiological saline,
which down-regulation could obviously inhibit by treated
with FQG.

DISCUSSION

Liver fibrosis induced by CCls works as a kind of classic
model in anti-fibrosis agents exploring and evaluation™®.
In the course of CCls being transformed to free radicals,
the cytochrome P450 plays a most important role.
Furtherly, lipid oxidation reactions were initiated by
free radicals and leaded to liver cell damnification,
retrograde, and even death. This kind of stimulation
again and again can definitely form liver fibrosis'®, It
will further worsening or permanence of cirrhosis. Thus,
the prevention and reversal of fibrosis is an important
means to prevent the formation of liver cirrhosis™”.
Some studies evidence suggests that liver is likely to
recover from fibrosis'*!!, Recently research on treatment
of liver fibrosis by TCM preparation has made some
progress, such as ALHXW was typically used to cure this
disease in this area, and marketed in china (National
Drug permit Registry Z20010098). Chinese medicinal
preparations showed the influences on liver fibrosis
mainly embodied itself in composition with abundant
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Figure 3 Immunohistochemical analysis of o-smooth muscle actin in liver from rats with liver fibrosis (x 10). A: Control group; B: Model group; C: ALHXW
group; D: High-dosage of FQG-treated rats; E: Medium-dosage of FQG-treated rats; F: Low-dosage of FQG-treated rats. Black arrow represents the pathological
section. FQG: Fu-qi granule.
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Figure 4 Western blot analysis of mammalian target of rapamycin and hypoxia-inducible factor-1c. expression. A: Control group; B: Model group; C: ALHXW
group; D: High-dosage of FQG-treated rats; E: Medium-dosage of FQG-treated rats; F: Low-dosage of FQG-treated rats. mTOR: Mammalian target of rapamycin;
HIF-10.: Hypoxia-inducible factor-1 o; FQG: Fu-qi granule.

and complex

JRaishideng®

[22,23]

The research adopt FQG to examine the therapeutic
effects on hepatic fibrosis. ALT and AST is an enzyme,
Increasing of which were considered due to damage of
liver cell. ALP is an ectoenzyme of plasma membrane,
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its ascension is partly a reflection of hepatocyte plasma
membrane was damaged. The other, ALB, TP were
depressed. In this study, compared with model rats via
CCls treatment, effect of FQG makes serum ALT, AST
and ALP levels significantly lowered, in the same time,
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Figure 5 Effect of Fu-gi granule on expression of tissue inhibitor of matrix metalloproteinases-1 and matrix metalloproteinases-9 in carbon tetrachloride
induced fibrotic liver of rats. A: Normal control; B: Model control; C: ALHXW group; D: High-dosage of FQG-treated rats; E: Medium-dosage of FQG-treated
rats; F: Low-dosage of FQG-treated rats; M: Marker; TIMP-1: 455 bp; MMP-9: 679 bp; TIMP-1: Tissue inhibitor of matrix metalloproteinases-1; MMP-9: Matrix

metalloproteinases-9; FQG: Fu-gi granule.

Altered matrix FOG
degradation Q

iIEﬂﬂﬂﬂﬂEﬂﬂj}ﬂ’ﬂ51EMﬂﬂﬂﬂﬁﬂﬁﬂﬂiIHﬂﬂﬁiiIEﬂﬂﬂﬂiIHMEEﬂHHMHHHE%MMEEMHHWI

! Apoptosis 4 Cytoplasm
‘ E \ Akt

W,

Figure 6 Mammalian target of rapamycin/P70S6 kinase signaling pathway
activation maybe participate in the process of liver fibrosis. FQG is the
major negative-regulation target of mTOR. FQG paradoxically down-regulates
the expression of mTOR and HIF-1a by Western blot. Then subsequently
inhibit the activation of mTOR/p70S6K pathway. mTOR: Mammalian target of
rapamycin; p70S6K: P70S6 kinase; FQG: Fu-gi granule; TIMP: Tissue inhibitor
of matrix metalloproteinases; HIF-1a:: Hypoxia-inducible factor-1 a..

it also elevated activity of serum ALB and TP in rats
with treated FQG. These results exhibited an obvious
therapeutic effect for liver fibrosis.

From a cellular perspective, in general, HSCs acti-
vation is the most important characteristic of liver
fibrosis. During the process of HSC activation, a-SMA
has started to overexpression, which is mostly found
in smooth muscle cell. Increasing of o-SMA activated
HSCs resulting in collagen fibers protein were secretion,
ultimately leads to fibrosis. In this research, immuno-
histochenical suggested that a-SMA expression was
obviously increased in rats with CCls stimulate. However,
its expression was markedly improvement in rats with
treated FQG. This study showed that FQG could inhibit
the activity of HSC, thus emerging anti-fibrosis effect.

TIMPs was served as a vital factor in the process of

Baishidenge ~ WJP | www.wjgnet.com

liver fibrosis. It was secreted through activated HSC and
can produce a variety of cytokines that are significantly
increased in liver fibrosis™*. MMPs are able to degrade
ECM, and play a critical role in preventing inflammation
and tumor progression®>. Under physiological conditions,
the expressions of TIMPs and MMP-9 are in dynamic
equilibrium to maintain the stability of ECM in liver™®!, RT-
PCR analysis of TIMP-1 and MMP-9 showed that FQGs
could effectively inhibit TIMP-1 protein expressions,
meanwhile, MMP-9 was enhanced during hepatic fibrosis
in rats. This result also indicated that the regulation of
TIMP-1 and MMP-9 levels can promote degradation of
ECM.

Activation of HSC is the core of liver fibrosis, clini-
cal treatment of hepatic fibrosis is sticks chiefly to
intervene activation process'””’. mTOR is one of the
phosphoinositide 3-kinase related kinases family
members and plays a vital role in cell proliferation
regulation®®®!, Previous research have showed that liver
fibrosis could alleviated by mTOR inhibitor™’. p70S6K is
directly concerned to the matrix with mTOR, while the
mTOR/p70S6K pathways is related to regulate of cell
proliferation™”. HIF-1 was used to grasp the expression
of hypoxia inducible genes and further to decrease
oxidation ability in cells®". Some studies have proved
that increasing expression of HIF-1a though mTOR
signaling can significantly result in pulmonary fibrosis,
renal fibrosis or peritoneal angiogenesis, whereas mTOR
inhibitor such as FQG is able to effectively alleviate
liver fibrosis®**, In fact, the expression intensity of
mTOR and HIF-1a in experiment rats with CCls injected
was up-regulated by western blot analysis. Moreover,
anoxia is likely what lead HIF-1a to up-regulation in
hepatic tissues. Nevertheless, it was down-regulated
for FQG treat group, which perhaps raising matrix to
degrade and promoting HSC to apoptosis, consequently
inhibiting deterioration of hepatic fibrosis. From what
has been discussed above, we speculate that the FQG
effect might be due to inhibition of CCls-induced p70S6K
activation (Figure 6).
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COMMENTS

Background

The incidence rate was high in patients with liver fibrosis in world, accordingly,
if the issue was appropriately to regard liver fibrosis during this stage. It will
prevent the development of cirrhosis and relieve the pain of the patients.
However, there still lack of satisfactory treat medical for liver fibrosis at present.
Based on the theories of Traditional Chinese medicines, humid, blocked
lifeblood circulation, imbalance of yin and yang will give rise to liver fibrosis. Fu-
qi granule (FQG) can activate blood and remove stasis, therefore, the current
situation is to explore the effect and its underlying mechanisms of FQG on liver
fibrosis duplicated by carbon tetrachloride (CCls) in rats.

Research frontiers

Recent research showed liver fibrosis can be relieved by regulating collagen
metabolism, inhibiting hepatic stellate cell (HSC) activation. Moreover,
amelioration of hepatic fibrosis was regulated by mammalian target of
rapamycin (mTOR) inhibitors. mTOR/p70S6K pathway is blocked will lead to
decrease of HSCs proliferation.

Innovations and breakthroughs

This study has confirmed that FQG can improve liver function, alleviate liver
fibrosis, which is probably associated with its regulating mTOR/p70S6K signal
transduction pathway.

Applications

The FQG can prevent liver fibrosis, which implies that it will be a good medicine
and promising preparation for patients with liver fibrosis, this study can provide
some scientific data for its application and development.

Terminology

Liver fibrosis is a chronically ill, which was caused by excessive cumulation of
extracellar stroma proteins. HSCs become a crucial role in liver fibrosis and
cirrhosis with portal hypertension incidence of pathological basis.
Peer-review

This paper reinforced my conviction that there is protective effect of FQG on
liver fibrosis rats with CCls-stimulated. The study is interesting and the analysed
parameters are well matched to the mechanism of hepatic fibrosis. Data are
clear and convincing.
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