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Q havenodata ye. It isa capital midake
to thexizebdareonehasdata. Insnsbly
onebaynsto twid factsto suit theories
indead of theoriesto st factsO

- Sherlock Hdmes (A Scandal in Bohamia)

For many cance patientstoday, it is
a commonplace that their oncologigswill
actively discourage the use of botanicdsor
dietary supplements such as antioxidants
during conventiond treatment. The
prevaling jugificaion for this pogtion is
that concomitant use of such agents with
chemothergpy (or radiation) involves the
likdlihood of incuring potentid adverse
herb-drug interactions whereby the
efficacy of the trestment may be reduced,
to the extent of causng thergpeutic
falure.

For the thinking cance patient who
dats to resach the mangream
literature aspart of the now obligate pos-
diagnoss rite of becoming sHf-informed
about thear condition, it is disconceting
to discover that lack of efficacy and
advere dfects ae actudly intrindc
features of anticancer chemotherapy itsdlf.
Any gandard oncdogy text such as De
Vitaor Abdoff containsthe facts with the
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exceotion of somehematologicd and germ
cdl cancas Q@ued is a raity.
Chemothergpy and  radiation ae
asociated with life-threatening toxicities.
The dficacy of avalable sygemic
cytotoxic treatments for advanced disease
is digressngly low while ther cog-
effectiveness and impact on qudity of life
is abysmd. (1) A subdantid cese can be
made for the falure of the Qvar on
canceO and the optimigic gin on the
very moderate success of curent cance
trestments. (2) Contrary to the assertions
or bdiefs of many oncdogids @vidence
besedO support for a subgantid
proportion of esablished oncologicd
interventionsisin redity often lacking. (3)
Meanwhile new drugs often gan Qast
track gpprovalOby regulators on the bads
of quedionably gndl incrementd
increases in urvivd times based on a
gangle tria, which is usudly sponsored by
the drug manufacturer.

However it hasto be conceded that
much of the information avalable to
oncologids in the professona literature
about the nature of non-conventiond
thergpies ther possble rdevance to
canca and the extent of ther use by
canca patients let aone issues such as
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potentid interactions between herbs and
anticance drugs is both confused and
confusng. At the same time ussful
contributions  from  non-conventiond
medicd sources on the topic are largdy
lacking, whil¢ a a consumer levd, the
internet and popular media abound with
unscrupuloudy promoted products and
thergpies making unsubdantiated clams
targeting cance patients The following
review, a patid clear-cutting of the
context and concepts involved in this
controverdd fidd, isintended to fecilitate
an improved underganding of the subject
for oncdogids conventiond and non
conventiond healthcare professonds and
patientsdike.

Herb-drug interactions (HDI) by
definition congitute an OntegrativeO
topic. A  Dbdter tem might Dbe
Qrangisiplinary®  since multiple
knowledge disciplines are involved in
underganding HDI - these include but
ae not limited to: a grap of clinicd
botanicd medicine and (not the same
thing) of herbd medicines and (dso not
the same thing) naturd product chemigry
and pharmacol ogy; reearch
methodologies used to invegttigate drug
metabolisn  in vitro and in  Vivo;
pharmacol ogy eecidly current
devdopments in pharmacagenetics and
pharmacogenomics underganding of the
multiple isues involved in evauating and
extrgpolating from experimentd and
theoreticd data to clinicd settings and
idedlly a non-partisan and Ontegraly
informedO understanding of the dlinicd
Sttings or contexts in which potentia
interactions between thergpeutic
modadlities of biomedicine and batanicd
medicine as wdl as the interaction
beween ther regpective tools -
pharmeceauticd drugs and herbd
medicines - may aise Given that
expertise in more than one or two these
areasisunusud, mog providers eecidly
busy oncdogids ae faced with the need
for adlabarative trandisciplinary contexts,
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in which gecidized experti:e can be
fruitfully exchenged and a common
underganding crested between 4l
practitionersand providers

THE INTERACTIONS LITERATURE:
LACK OF EVIDENCE & LOGIC

A diginguishing feature of the
evidencefor an interaction (aswedl asdrug
adverse dfects), whether drug with herb,
nutrient or another drug, is tha the
dandad @videnceBaed MaedicineO
hierarchy of levds evidence tends to be
inverted, with individud case reports and
anecdotes actudly providing prima fade
indicgion of the exigence of an
interaction in clinicd practice. Stockley@
dandard drug interactions textbook
contains an encyclopedic compilation of
auch reports (4) and it was Ruschitzka@
wdl documented report in The Lancet in
2000(5) of acase of acute graft rgection
in a heat tranglant patient taking
cyclogporine and &. John@ Wort
concurrently that 9gndled thered clinicd
importance of interactions between that
herb and narrow thergpeutic index drugs
that had dready bemn demondgrated
experimentally with indinavir and digoxin.
(6, 7) The premium vaue placed on the
importance of accurate case reports for
esablishing bath the exigence and clinicd
dgnificance of interactions has been
likened to catching the crimind Oed
handad at the sie o the aimeO (8) This
in turn places a great emphass on the
requirement for accurate comprehendve
and conggent reporting Grom the scene
of the cimeQ in orde tha the
perpetratorO is  properly  identified
acoording to therules of evidencerequired
in caurt. Unfortunatdy, it is widdy
acknowledged that the <andard of
interactions case reporting in  the
mandream literature is  variable,
inconggent, and generdly bdow that
required for a succesful prosecution. In a
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wdl-known review by Fugh-Berman in
2001, the mgority of HDI case reports
reviewed were evduated as OmprobableO
whils a good numbe wee completely
Qinevduebled on the bads of the
inadequate  data  provided. 9
Unfortunately the poor qudity of case
reports dleging herb-drug in interactions
or adverse efects perdgs  despite
documented examples of Onigaken
identityO of herbs (for example the 0
cdled gnseng-phendzne interaction) as
wdl as erors due to lack of dementay
knowledge @out  botanicd  and
nutritiond thergpeutics (10)

A logcd corollary of the empiricd-
anecdota evidence requirement for
demondrating the exigence of an
interaction is that an interaction between
two agents may logicdly be independent
of currently known mechaniams of action,
(conversly, agents acting via dmilar
mechanisms may not rexult in an
interaction a dl). Falure to undergand
this bagc point is a the heart of one of
the mos pevedve problem in the
interactions literature D the proliferation
of Qheoretica interactions) the logicdly
mogt specious form of which is what
might be caled Ole revarseedrapdation
advee intaadions falag.O The generd
form of the fdlacyis (where A isaclinicd
or physologicd parameter):

¥Heab X affetsA

¥Drug affetsA

¥ Thedare combining Harb X with
Drug Y implies an (adva® hab-
druginteadion invdvingA.

Uaudly, the fdlacy is further
compounded and confounded with
concedled issues about routes of
adminigration, anima ecies vs human
data, dosge levesin vitro vs in vivo and
0 onEf or example
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¥ Heb X injeded into grgtazoan-
induced diabetic rats at dose 100n
lowesblood guaose

¥Drug, in human Type 2 diabdics
isusd toasg gysemic antrd

¥ Thedae aa Heb X in humans
@USs an advae intgadion when
combined with Drug Y.

There are literaly hundreds of these
uncanfirmed Qantasy interactionsO listed
in  databases usudly compiled in
abbreviated format by pharmacids for
phydcians and avalable on eectronic
hand-hdd devices or in print and web
based resources. Typicd examples of
reverse extrgpolation adverse interactions
like the one aove include any herb with
mild gluccsee normdizing properties
adversdly interacting with hypoglycemic
drugs or any cdming herbs interacting
negatively with hypnotics and sedative
drugs and 0 on. Sometimes the
extrgpolations are even more tenuous
made on the bads of quite incarect
underganding of the pharmacology of
iolated dngle herbd condituents The
classc example of this genre bang any
Qoumarin cantaining herbO interacting
adversdly with wafarin anticoagulation.
Invaricbly there are no case reports
demondrating thexe Qheoreticd
interactions) and often in vivo evidence
exigs that actudly digroves the
hypothetical extrapolations However, the
telegraphic forma in which the databases
present these adleged interactionsisdevoid
of informed discusson both of the
evidence and of the possble implicaions
of the interacting cambination for clinicd
prectice. Some of these combinations may
dmply be @ontraindicaedO for any
prectitioner versed in the dementary
principles and practice of batanicd
thergpeutics In  other woads a
hypothetical adverse interaction for a
herb-nasve pharmacig or physcian cauld
be viewed by a herb-literate professond
as a violation of esablished principles of
batanicd prescribing. For example the
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combinaion of the anxiolytic drug
dprazolan with the heb kava (Pipe
methygicum) would never be prescribed by
a professona experiences in  herbd
thergpeutics Detaled andyds of reports
of sved of the caes of dleged
hepatotoxic reactions due to kava
conumption have been shown in fact to
be due to kava-dprazolan cambinations
reulting from conventiond physcian
recommendation in Germany. (11).

Whee a heb-drug par that is
QotentiadlyO a theoreticaly interactive
combination that cannot be completely
characterized due to lack of experimenta
and clinicd data (which is the case with
the great mgority of possble
combingions it is both logicdly
admissble and from an Ontegratively
informedO clinicd pergective quite
gopropriate to reformulate the above
hypothetical example asfollows

Uz o hab X may thexdicly diminate
pagpone o enable reduced dase requirement
o Drug Y to antrd paramge A, which
may be bendidal in tems d lovaed oods
inaeasd compliance reduced sde éfetsand
inceasd quaity o life Clinia trid
aeidene is laking howveva praditiongs
familiar with batanical presribing might
aonsdeg an  empri@ trid o @
adminigration of He'b X with drug Y while
manitaring the reults (lab values gmptoms
€0 an A

MYTHS, MEDIA & BIAS

Some of the mos egregious examples of
clams regarding Gheorgical advarse herb-
drug interadiongO ae amply
unsubdantiated specuations aout the
extent and dgnificanceof HDI in generd.
Unfortunatdly the oncologicd HDI
literature isreplete with examples such as
the following from the introduction to a
review article entitled (He'bal Remediesin
The United Sates paettid Advese
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Interadions With Anticanca Agant<12).
Author Dr Alex Spareboom, of the
Nationa Cance Ingditutewrites

Vare than 100000 desths pa year
in theUnited Satescan beattributed todrug
inteadions pladng drug inteadions
bawemn the fourth and sxth leading cause o
desth, and it has bemn suggeted that the
geste part of these may be linked to the use
d hebsO

Firdly, the wel known edimated
datigic of drug asocisted morbidity
referred to by Sparreboom reatesto non-
eror rdated presription drug adverse
events not drug interactions (13) The
author@ subssquent clam that heb-drug
interactions underlie these morbidity
datigics is pure invention. That a
datement contaning this magnitude of
eror and mignformation can pass the
process of peer review hardly reasures
reeders &out the vdidity of the
succeeding content  of the aticle.
Smilarly, a review aticle entitled OHrb-
drug inteadions in OnadlogyO - fous on
mechanisns o indudionO(14) the authors
make the following gatement in the
abdract:

Ot is hovere etimated that CAM-
anticanag drug inteadions are reponshble
far subgantialy more unexpeded toxiaties of
denchegpaitic agats and posble
undertrestmentsssan in canaa’ patientO

This again is pure invention, and entirely
unsupported by anything in the author@
paper or its accompanying references, or
indeed by any other data anywhere a all.
Later in the same paper the authors offer
the following extraordinary non-sequitur
asif it were asdf-evident fact:

Ohdudion o CYP o drug
trangpateswill, in the cae o adive paret
drugs dten leed to thegpadtic failure
beaue o lova plasma levds o the
chenatheaapautic drug Astherapeutic failure
in the treetmett o canox is commaon, vay
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dten thisdfed may na be recognized asthe
ansquence o an  intgadion  with
CAM.dibid. p745-6)

Degite lacking both logicd merit
and fectud aupport thee gecuations
gopear in indexed journds which ae
ubsquently quoted and re-quoted, as
authoritative. Given the lack of evidence
for these clams bias agang herbs and
non-canventiona thergpies has to be
conddered as a possble explanation for
these statements, dong with journdigtic
tactics such as sensationdism and (huzz
wodO enticements to attract reader
attention (scientific articles are rated by
Ompeact factors)). Whether intentiona or
not, the overwhdming impresson created
is that herb-oncologicd drug interactions
are amgor cause of trestment falure and
consgquent morbidity. The cumulative
effect of this ecuative, Hf-referentia
repetitive negative literature receves
additiond authority amply by virtue of its
MEDLINE indexing, which leads to what
has ben cdled The ®angream
Manufadure o MisnfarmationOregarding
hebal medidne.(10)

Consumer media coverage of HDI
tends to exaggerate and amplify the
problems found in the professond
literature, a fact compounded by the
unfortunate but increesngly cammon
practice for resarchers to present
preliminary findings a press conferenceas
a means of publicizing and promoting
thar resarch and the inditutions that
upported it. Among the proponents of
auch media manipulation is Memorid
Soane Kettering Canca Center, whose
Dr Lary Norton was famoudy quoted on
the front page of The New York Times
on Octobe 26,1997,assaying thatE

Qarge dosesof Vitamin C could blunt
thedficagy o dhemathaapy far breag canaaO

goparently based on hisunpublished
research. In fact, when the research wes
published nearly two years later it turned

Heba Hypmthees3

out to be an experimentd udy with
mouse canceg cdls looking a only
Vitamin C trangport - and had nothing to
do with the effects of Vitamin C with
chemothergpy for brees cancea. On
Septembe 15" 1999, a press conference
was hdd by the authors of the pgper when
it was findly published, in which they
weaequoted assaying E

Qarge amounts o Vitamin C ocould
interfere with the dfeds of chematherapy or
even radiation therapy.O

This clam weas rgpidly extended
from Vitamin C to antioxidantsin generd,
as it was widdy dissminaed via the
American Cance Society, the internet,
the massmedia and other pressto become
an enduring myth. Today this is a
pasgent Dbdief shaed by mog
oncologigs and many patients despite its
orign in an ingppropriate comment to a
naiond newspaper based on unpublished
research that was not even reevant to the
clam. None of these derivaive sources
review or discuss the relevant literature,
which dthough controversal, on bdance
curently supports rather than opposes
thergpeutic co-adminigration of
antioxidants with mog chemotherapy.
(1519

Antioxidants adde, the principd
concan identified by the magority of
gecuative discussons aout HDI in the
oncologicd setting is that of the possble
effects of herbson drug bioavalability. In
terms of classca pharmacology, this of
course means phamacokinetic (PK)
interactions ie those reating to drug
aborption, digribution, metabolian and
excretion (ADME).

PHARMACOKINETIC INTER-
ACTIONS & THE SJW MODEL

Degite the importance of 4l
agects of ADME, in practice mog HDI
literature emphadzes the metabolian
agect, focussng on Phase 1 (the hepatic-
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intesind CYP450 mixed oxidase sysem),
Phae 2 (conjugation reactions such as
gucuronidation by UGTS) and Phase 3 or
drug dflux trangporters such as P-gp (P-
dgycaorotein). Mog classcd anticance
drugs ae aubdrates of these sygems
undergoing trangport  and  dther
bioactivation or metabolic degradation via
these pathways in some cases these drugs
ae themsves dso co-induces or co-
inhibitors as well as subdrates of different
enzymes and trangoorters The ubiquitous
overemphads on herbd influences upon
updream  determinants  of  drug
bicavalability is in lage pat an
extrgpolation from the example of .
John@ Wort (SW), the implicit
asumption beng that SIW models the
effects of other lesswell sudied herbs on
thee gydems However thee ae a
number of problemswith thisassumption.

Frgly, SIW is effectivdy unique
amongd herbsin that it exerts co-ordinate
effects on phases 1, 2 and 3 of drug
metabolism due to the ability of the active
phloroglucinol congituent hyperforin to
act as high dfinity ligand for the PXR
nucler receptor. Usng cdl-based
luciferaze reporter methodology a smal
numbe of other herb-rdated naturd
compounds have recently been hown to
act as PXR ligands in vitro - including
atemignin and guggulderone. (20, 21)
However, dthough it has been clamed
that PXR binding is theoreticaly
predictive of PK interactions (22), in fact
neither guggul nor artemignin are noted
for such interactions on the contrary
artemignin co-adminigered with
cabamazepine for example inaesss the
drug AUC. (23) It thus gppears that SIW
IS unique in its cgpacity to co-ardinatdy
activate multiple xenosensory mechanians
that have bemn conserved throughout
evolution to regulate xenobiotic exposure.
To date no other herb has been shown
capable of exerting the magnitude of effect
exhibited by SIW on these mechanians
However, it is esentid to contextudize
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these effects within the larger picture of
other influences on drug ADME.

It is wdl known tha drug
metabolizing enzymes are dubject to both
inhibition and induction by a wide variety
of foods beverages dietay and rdated
agents auch as tobacco snoke, as wdl as
lifesyle activities including exercise etc.
For example red wine decreases
cyclogporine biocavalability more than
SIW. (24) Although the subject of dietary
influenceson drug ADME islittle sudied,
there is subdantid evidence that many
dietary subgances including cruciferous
vegetables  citrus  juices  ethanal,
cherbroiled meset, cigarette anoke etc dl
can modulate drug metabolism and
trangort. It isimpossble to tel patients
to refran from nutrition during treatment
with medicaion, (dthough ludicroudy,
wafarinized patients have been told to
dop esting green vegetabled) It is dso
nonsendcd to uggest that supplements
should cary waning labds for potentia
HDIs whereas food, often contaning
higher doses of the relevant compounds is
GxemptedOfrom such proposed labelling.
For example fih oil supplements have
been shown by in vitro to inhibit
CYP2C19,CYP2D6 and CYP3A4 at dose
levdls which would be exceeded 100 -
3000 fold by typicd annud human fish
consumption. (25)

There are further variaionsin
drug meabolizing enzyme activity
acoording to genetic and physologicd
factors such as age, sex and disease gatus -
epecidly rend and hepatic imparment.
Interegingy, neoplagic tisues may
differentidly express CYP450 enzymes
compared to normd tisue, potentidly
providing a ecific target for clinicd
repponses to chemothergpy, CYP1Bl
overexpresson in  hormone mediated
cances bang the best dudied example
(26)

Cance chemothergpy invariably
involves drug polypharmacy, not only of

© 2007, Jonathan Tressure Page6



antineoplagic agent combinations but
often involves comedication with diseese-
rdated or pan-rdaed drugs Sncealarge
numbe of prexcription medicdaions are
induce's and/or inhibitors of Phase 1, 2
and 3 gydems as wdl as possble co-
aubdrates with chemothergpy drugs for
the same enzymes interaction effects are
often extremdy had to edablish or
predict. This in turn places an over-
rdiance on in vitro data and animd
experiments to atempt to discover
pharmacokinetic ~ HDI parameters
Unfortunately,  extrgpolations  from
experimental data ae fraught with
difficuty. (27) In a thoughtful review of
the topic by Butterweck et. d. the authors
argued that rather than usng problematic
in vitro methods such as high throughput
fluorescent screening technologiesin large
scale trawling attempts to screen for any
possble herb effects on CYP450. They
uggest amore gopropriate srategy would
be to gpproach the subject of potentia
interactions from the pergective a
comprehendve characterization of the PK
parameters of narrow thergpeutic index
gnthetic drugs The obvious logic bang
that it is esentidly the narow
thergpeutic index drugs which ae
repongble for the clinicd sgnificance of
interaction problems rather than herbs
(25) Herbstend to have wide therapeutic
margns due to the smple fact that the
CYP sygem coevolved to work with
plants and compounds of naurd orign,
and botanicd compounds are synthes zed
in eukaryotic cdls

The fact isthat actua case reports
of SIW interactions in the literature are
deadily decreasng. (28) This could be
due to increased awareness of potentid
interaction problems associated with the
herb, however M eyer recently andyzed Sx
wdl known interactions including SIW-
cyclosporine and SIW-digoxin across a
numbe of Qertiay sourcesD of
documentation and found only three out
of sx QeferencesourcesOeven included al
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the interactions (29) Nonethdess trids
continue to be performed on PK drug
interactions and SIW, which not only is
unnecessary as argued by Butterweck but
the qudity of mog of these trids remans
limited. (25), Acoording to areview of 22
trids of SIW interactions by Mills et d,
only 15 trials assayed the herb used for
content, and dosng regmes and duraion
of herb exposure widdy varied without
rationde. Further methodologicd
limitations weae noted in the dudies
including blinding and randomization
isues. (30) Many of these gudiesfaled to
comply with the sandard FDA guiddines
for pharmacakinetic gudy desgn. (31)

With regard to anticance drugs it
is often the case that the precise detals of
drug metaboliam are unknown, epecidly
for many of the older cytotoxics for which
detaled PK data was not required for
drug licenang. In the case of newe drugs
ongoing research reveals a complexity of
metabolic trandormations that often
confounds any gmplidic attempt to
extrgpolate herb-drug interactions from
incanplete in  vitro or in  vivo
experimental data, whether or not thereis
some theoreticd possbility of potentia
HDIs

For example the edrogen receptor
modulator tamoxifen is often cited as
beng subject to potentid herb-drug
interactions. Recent sudies have begun to
reved the detaled complexities of
tamoxifen metabolian. Tamoxifen is
known to undergo bioactivation by 4-
hydroxylation, mediated primarily by
CYP2D6 to a 4-OH-metabolite that is
100 fold more active as an edrogen
antagonis  than the paent drug.
However, another metabolite B endoxifen
- was recently discovered, dso a product
of 4 hydroxylation by 2D6. Endoxifen is
actudly 1000x more active than the
parent drug, or 10x more active than the
previoudy known bioactivated derivative.
It further trangpiresthat endoxifen plasma
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levels are 4x greater than those of 4-OH
tamoxifen. In other words previous
dudies weae not looking a the most
active metabolite.  Tamoxifen dso
undergoes N-demethylation, but in vitro
gudies show that demethylation can be
effected by no less than ten diffeent CYPs
including 2B6, 2D6, 2C19, and 2C9. In
addition, CYP1B1 may be a primay
mediator of tamoxifen ressance becaie
it can inactivate both the parent drug and
the 4-OH deivaives by transcis
isomerization; and as mentioned above,
CYP1Bl is overexpresed in cetan

endocrine dependent mdignancy
including some brees cancers For a
recent review of tamoxifen

biotrandormation, see Rochet. (32) Mot
importantly, clinicd evidence has now
accunulated that variations in CYP2D6
genotypes may be the mgor contributor
to regpone variability in women usng
tamoxifen for breet cance. (33, 34)
Pharmacogenomics - the sudy of how
genotypic  variation  afects  drug
digpodtion and effects - is now
acknowledged a a highly dgnificant
contributory factor in cancer drug
reponse variability. (35, 36)

PHARMACOGENOMICS &
INDIVIDUAL VARIABILITY OF
RESPONSE TO ANTICANCER
DRUGS

The core chalenge of cytotoxic
anticance chemotheragpy is the high
interindividua and intrandividua
variability of reponse to the drugs not
only in terms of efficacy (tumor cdl kill)
but ds0 in terms of generd drug toxicities
auch as neutropenia which can be dose-
limiting and life threatening, as wel as
various agent-ecific toxicities such as
cardiotoxicity, nephrotoxicity and lung
fibrogs In redity, amgor determinant of
variability in drug reponse has been
known dnce the 19505 when it became
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goparent from obsrvationd dudies by
Vogd and othersthat thereisan inherited
bads underlying the individud differences
in drug and xenobiotic effects Although
various cancepts of OndividudityO have
long been axiomatic in naturd medicine,
it is only the recent emergence of
pharmacogenomics (and other Qomic)
disciplines such as metabolomics and
proteomic9 that has enabled modern
biomedicine to findly incaporate the
concgpt of paient  iochemicd
individuaityD on a <ientific bads
Although a rdativdy new fidd,
pharmacogenomics has atrected
condderable interes  and research
endeavour due to the prospective benefits
of prediction or profiling of individud
regponses and hence gopropriate doses to
narrow thergpeutic index drugsin order to
amdiorate toxicity and increase efficacy.
Determination of cytotoxic cancer drug
dosage today is ill governed by the body
aurface (BSA) sysem, which not only fails
to address the genomic determinants of
vaiability, but is actudly is devoid of any
rationd theoreticd foundation
whatsoever. (37).

Pharmacogenomic determinants of
drug response reault from the exigence of
dngle base exchanges (Sngle nucleotide
polymorphisns or NP in genes
encoding protens reaed to vaious
different agpects of drug digpostion and
action, which generate dgnificant
phenotypic differences in drug regponses.
All the mgor families of human CYP450s
exhibit  polymorphisms leading to
differences in enzyme functiond activity.
This can lead to diffeeent drug
metabolizing phenotypes rangng from
(poor > intermediate > extendve > ultra-
rapid metabolizersOfor a given subdrate,
depending on the dldic digribution of
NPs The reultant differences in
pharmacokinetic parameters for many
drugs ae clinicdly sgnificant, epecidly
with subdrates of CYP2D6 and CYP2C9
where ten-fdd variationsin clearancehave

© 2007, Jonathan Tressure Page8



been recorded in hedthy volunteers with
different genotypes (38) Individud
polymorphisms of genes encoding Phase 2
and 3 protens ae dx now wdl
edablidhed as sgnificant causes of drug
reponse variability, and a genotype
phenotype andyds of entire drug
pathways is now accepted as a necessary
condition for camplete characterization of
drug responses.

For many drugs consderable data
has accunulated implicaing not only
N Ps of genes that dfect the upstream
mechaniams of drug trangort and
metabolian, but dso those dfecting drug
target dtes wuch as DNA repar,
metabolian and trandormation sysems
aswdl asdownstream mecheniamsof drug
actions which for anticancer drugs
includes the intrindc and extrinac
gooptogs pathways aswell as chemokines
rdated to dgndling cascades such asIL-
10, 1I-6 and TNF-dpha Each of these
dages (updream, drug taget &
downdream) therefore has potentid to
contribute to individud differences in
drug dficacy, toxicity and ressance (39)
Seediagram 1 bdow.

Drug
Transport

UPSTREAM ABCs, RFC, hENTs, hCNTs,

MECHANISMS Metabolism
Phase 1
&

Phase 2

CYP1A, CYP2B, CYP2c, CYP3A

GSTs, UGTs*, NQO1

INTERACTIONS MGMT.XRCC1,ERCC1/2,

D';A:mn:ih”i. TPMt, TS, MTHFR, DPYD*, CDA
DRUG-TARGET oHsm
hMSH2, hHR21

DNA Repair

Apoptosis P53, BAX, FAS
DOWNSTREAM cascades
MECHANISMS

Chemokines TNF, IL-6, IL-10

Candidate Genes with SNPs Affecting
Cancer Drug Response & Toxicity

Diagam 1: Candidate gmeswith SNPsaontributing
to updream, drug target and downgream mechaniams
o anar drug reponse and taxidty variability. Basd
on Efferth, 2007 Segppndix for abbreviations
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IRINOTECAN & ST JOHN’S WORT:
DECONSTRUCTION OF AN
INTERACTION

As dready emphagzed, there are no
dinial e regats of pharmacokinetic
interactions caused by herbs bang taken
with chemothergpy drugs published in the
literature to date. Without such reports
the clinicd sgnificance of a hypotheticd
interaction is unknown, even if there is
goparently supportive data for an
interaction from experimentd or tria
data. This cen beillugrated by a detailed
andyss of the combination of &. John@
Wort (S\W) and the anticancer drug
irinotecan, often cited in review articles as
an example of a genuine (&vidence basedO
chemothergpy drug-herb interaction. (12,
14)

Irinotecan  (CPT-11) is a
smignthetic andogue of the dkaoid
camptothecin (CPT), which naturdly
occus in the botanicds Camptathea
acuminata (Nyssaceae) and Mappa fodida
(Icacinacese). CPT is a topoisomerase-1
inhibiting agent that has activity agang a
vaigy of solid tumors Irinotecan is a
wae soluble pro-drug, that is cleaved
enzymaicdly by tissue and hepatic
caboxyleterases to form the active
metabolite SN-38 Irinotecan is FDA
goproved for the treatment of cdorecta
canceg, the third mos common
madignancy in the United Sates but is
asociagted with severe dose limiting
toxicities namey grade 4 neutropenias
and diarhea Thee can lead to
dehydration, infection, hogpitdization,
additional medicaion reguirements and
death.

The metabolian of irinotecan is
complex, and is ummarized in diagram 2
bdow. The cnticd deteminant of
avalable drug levds is the bdance
between the activated form of irinotecan
prodrug (SN38) and its inactive
gucuronide conjugate (SN-38G), whichis
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produced via wuridine diphogphate
glucuronosyl tranderases  (UGT)9),
epecidly UGT1AL. Mog UGTs ae

aubject to polymorphigns that can

donificantly modify ther functiond
activity. A cammon polymorphiam of the
enzyme that inactivates SN38 s
UGT1A1*28.

Irinotecan

ABCB1 ABCC1
— ABCC2 ABCG2

UGT1A1
UGT1A9

1

BILE

BLOOD
UGT1A7

.
SN-38G  @— SN-38G
e S/

94% ALBUMEN BINDING

I Irinotecan CYP3A4
| CYP3A5

l CES1
CES2

HEPATOCYTE

f

SN-38G

UGT1A7
UGT1A1
UGT1A9

N

L’ asepiuoinon|b-g )—|

Diagam 2 Themeaabdign o irinatecan

In paients recaving the drug there is an
established association between
homozygodty of the UGT1A1*28 dlde
and severity of neutropenia (40, 41). The
accumulated data on the effect of the
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1A1*28 polymorphiam on drug levels and
congeguent  toxicity was  ufficiently
convincing for the FDA to license a
genomic tet back in 2005 to identify
homozygous who ae a rik of life-
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threstening neutropenias At the same
time the drug labdling was chenged to
recommend dose reduction of irinotecan
for known 1A1*28 homozygotes (42)
Emergng resarch ds suggests that
polymorphisms of the influx and dflux
trangportersfor which SN-38/SN-38G are
ubdrates may adso activdy determine
differences in drug digpostion. (43, 44)
Although the curent consenaus is that
pharmacogenomic differences may not
explan al the individud variation seen in
physologicd regponses to irinotecan, it
makes a afficiently crticd contribution
that genetic testing of all patientsprior to
initiating irinotecan thergpy has been
uggested as required gandard of cae.
(45,46)

The supposad Qheoreticd adverse
interactionOhereis an extrapolation based
on the idea that dnce S\W can induce
UGT enzymes via PXR activation it will
hypothetically causee an increese in
dlucuronidation of the active SN38 to
inactive SN38G, caidng a drop in
thergpeutic efficacy due to lowered active
drug avallability. The evidencefor thisis
atributed to a gndl unblinded sudy
involving five cance patients given an
irinotecan infuson dterl8 days pre
treatment with SIW a 900mg daly dose.
(47) On subsequent adminidration of
irinotecan, a mean decrease in area under
cuve (AUC) for the active drug S\-38
wes found after SIW pretreatment.
However no difference was found in the
rate of ducuronidation of SN-38
following SIW adminidration. SIWW was
a9 asociated with a Sgnificant decrease
in  neutropenia toxicity compared to
irinotecan alone.(47) The SN-38/SN-38G
ratios remaned unchanged following SIWW
adminigration, which suggests a negligible
effect of the heb on glucuonidaion
enzymes and an unchenged hdf life of
IN-38 in the presence and asence of
SW, further suggeststhat herb effects on
efflux pumps were not involved. The only
irinotecan metabolites produced via
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CYP3A4 (ANC ad NPC) actudly
deyessd rather than increased which
would be expected if SIW had exerted
typicd inductive effects (47) Another
unrdated sudy recently has confirmed
that SIW pretrestment dso leads to
dexeasd not increased glucuronidation of
N-38.(48)

There ae mgor problems in
drawing any canclusons from this data
Firdly, the sudy was sndl (n=5), and the
sample patientseach had different cancers
Secondly,  irinotecan  infuson s
adminigered with dexamethasone, a
known modulator of drug metabolizing
enzymes and trangporters Thirdly, and
mog important, the variation of SN-38
AUC (14%70%) dter SIW treatment
was wdl within the normd limits of
vaidion that exigs between different
genotypes of UGT1A1*28. But the
authors not only faled to genotype the
aubjects but did not even distuss the
possbility of pharmacagenomic variations
in interpreting their rexults

Given the complexities of irinotecan
biotrandormation and the known role of
pharmacogenomic factors, this
underpowered gudy clearly offers no
aupport for the exigence of a Zlasscd
SIW mediated inductionOinteraction D if
anything it digoroves such the typicd SIW
interaction. Yet degite dubious data and
methodologicd flaws this trid is
repeatedly cited without discusson as
evidence for wuch an interaction.
Interegtingly, one of the co-authors of the
gudy is dso the author of a HDI-
anticance drugs review paper, which
aerts the exigence of the SIW-
irinotecan interaction. The author is
therefore obliged to digegard the detaled
findings of his own sudy by saying in his
review QegprdlesE( of this sudy of mine
[ed.])Et he modulation of CYP3A4 and P-
dyaopraean adivity cbseved with &. Jdin©
Wat is patiaularly worrying bearing in
mind its auda rde in the dimination of
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many impatant canog drug) (12) In
other words the wdl known inductive
efects of SIW ae beng genericdly
invoked by the author to argue for an
interaction whose exigence is in fact
contradicted by his own gudy. One is
reminded agan of Sherlock HolmeO
caution: Onsnsbly one begnsto twig facts
to it theories indead of thexies to it
factsO

The mog gppropriate management
quiddine to give to progpective candidates
for irinotecan thergoy would be to
recommend  genomic  tesing  for
UGT1A1*28 polymorphiam. In other
words, the priority and foousnesdsto be on
the dangas o the drug and individud
patient centered profiling of possible
toxicities not gpeculations about SIW (or
any other herb). At the time of writing,
genomic tegting of patients prior to use of
irinotecan dill appears in practice to be
the exception rather than therule. Findly,
from an Ontegraly informedOpersective,
it isentirely gopropriate to condder usng
gopropriate botanicds to amdiorate the
toxicities of irinotecan, dthough this
drategy requires botanicdly literate
prescribing by experienced or gecidized
professonds

In this context arecent editoria by
oncologig Ethan Basch discussng a paper
on GControverses surrounding CAM in
CancaOgiven a& an EORTC (European
Organization for Research and Trestment
of Cance) conferencein 2006isreevant:

Mot onadogds are A aware o
impartant paentia inteagions such as &
Jdnn's wart and P450, and the thexdical
interfeence of high-doge antiaxidants with
ome cdhenatherapatticsar radicheapy. It is
increadngdy recanized that maintaining
knowledge beyond thislevd isnat feagble
for oncdogds and reguires ecific
expatie E  This multidisiplinary modd
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@n ao aucte onadoggs about when
rdaras are gorgriate fa example to
dleiate ymptams ar improve quality o life
Thenedsaof patientswill bebet sved in
aich a cdlaborative caotext, in which
knowledge expectations (and limitationg
of both roledN medicd oncdogd and
CAM caoalltantN are clearly ddinested
and acceted.O

(49)

BENEFICIAL HERB - DRUG
COMBINATIONS IN ONCOLOGY

A key role for Baxch@ GCAM
conultantsD (i, for our purposes
professond providerswith knowledge and
experience of botanicd prescribing) isthe
drategic employment of benficid herb-
drug cambinaions This possbility is
disegarded by mog HDI literature which
pedgently emphaszes adverse rather
than bendficid interactions to the extent
that the term HDI has largdy perjorative
asociations, and is a euphemian for
adverse event.

Thereisarguably avdid quegtion as
to whether the intentiona and beneficid
combinaion of herb (or nutrient) with
drug conditutes an OnteractionO as
oppoxd to an Ontegradly informedO
treatment drategy. Thistendsto be more
0 for phamacodynamics where the
guantitative nature of pharmacokinetic
parameters are usudly absent; mogt drugs
can be andyzed in terms of dose-reponse
rdationships however clinicd end-points
ae rady liner or dmple To
overamplify, an interaction in snu grido
mug ether be a upra-additive (2+2=5 or
aubadditive (2+2=3) rexult of a
combination that might normdly be
expected to be amply additive as in
(2+2=4) Conventiona pharmacology has
devoted little attention to isues of
defining, andyzng and quantifying
pharmacodynamic interactions and very
often terms such as QynergigicOare used
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without any explanation or definition of
what QGynergyOactualy involves dthough
admittedly non-conventiond modalities
are probably less rigorous in their misuse
of this terminology. (50)A pertinent
exampleisthefact that drug cambinations
have long been employed in anticance
chemothergpy, dthough data on whether
thar effect is additive or supradditive is
genegdly unavdlable For  present
purpoes a bendicid HDI may be
regarded operationdly as synonymous
with the ddliberate srategic combination
of herb(9 with drug(s) whose thergpeutic
intent is to increase treatment efficacy or
reduceits toxicity campared to treatment
with the drug done.

For example, returning to the SIW-
irinotecan example above, arecent rodent
gudy found that ora SIW pretreatment
before irinotecan infuson ggnificantly
reduced intesind (diarrhes) drug toxicity
which wes asociated with reduction of
inflammatory cytokine levels The authors
uggesed SW  might be further
invegtigated for its potential to reduce the
dos limiting intesina toxicity of the
drug. (51) This concluson was
subsequently criticized on the grounds
that it ignored the Quel known CYP450
and P-gp indudion dfeds of SIWO and
emphaszed that SIW should not be co-
adminigered with irinotecan due to the
fact tha the drug is Oxrtensvdy
meabdized by CYP450 3A4.0(52) This
critician mises a mogt ggnificant point
for the herb literate practitioner: anti-
inflanmaory herbs may hdp reduce
chemothergpy induced integind dde
effects such as mucastis and diarhea Of
cours SIW may not be the herb of
choice for this indicaion, but in redity
gven the extendve publicty and
underganding of the interaction potentia
of SIW with narrow thergpeutic index
anticenceg drugs mog  phydcians
oncologids educated paients and dl
herb-literate non-conventiond providers
would avoid co-adminigration of SIW
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with these agents asamatter of routine.

During chemothergpy, a srategy of
uing mucosd protective and anti-
inflammatory botanicds (those lacking the
PK induction effects of SW) to
amdiorate the common toxicity of drug
induced intesind mucadtis is clearly
gopropriate and dedrable. Such agents
might include licorice and doe gd which
both have good data for this indicaion,
whilg any of many other botanicas could
be utilized to sygemicdly downregulate
inflammation at a transcriptiond levd via
inhibition of nuclear factor Kappa-B.

Gengdly, there are severd diginct
aeas where botanicds can be used
efectivdy in  conjjunction  with
conventiona oncologicd treatments

¥ prophylaxis antidoting and
recovery from generd dose limiting
toxicitiessuch asmyeosuppresson.

¥prophylaxis antidoting or recovery
from agent goecific or organ oecific
toxicities such as platinum reated
nephrotoxicity, bleomycin induced
lung fibross or Adriamycin induced
cardiotoxicity.

¥ chemosengtization: increasng the

eficcy of chemotherapy by
countering  multiple  dgndling
pahways involved in  drug

resgance

¥ additive complementary (and
potentidly synerggic) combination
antitumor activity with
chemothergpeutic agents whether
classcd cytotoxic or targeted B g

antiang ogenic agents

¥  chemoprevention:  following
treatment, ie encouragement of host
resganceto prevent recurence

. Theevidencebase for these different
OnteractionsO  involves  extrgpolations
from experimenta sudiesusngin vitro or
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anima moddling sysems together with
the anecdotd experience of prectitioners
killed in traditiond botanicd prescribing
who work in oncdogicd settings For a
comprehendve review of the rdevant data
in the aove areas e for example (53,
54). The dearth of clinicd trid evidence
here is not only due to ethicd isues
rdating to use of unproven botanicd and
naturd compounds in clinicd trids on
cance patients but aso because of lack of
interex  (reearch  funding)  from
pharmaceutical corporations in naturd
products that ae unpaentable and
unlikdy to lead to profitable drug
devdopment. There are dso dgnificant
and much discussed methodologicd
problems of gudy desgn involving natura
medicine gpproaches Herbs ae not
drugs ther influence is more subtle and
physologicd than  pharmacdogicd,
involving time-dependent  ghifts  in
multiple metabolic and dgndling
pathways that are diginctly different from
the actions of mogs pharmaceuticas. This
is of caurse part of their srength, not a
weskness. Molecuar multitaskingO is
characterigic of naurd compounds
whether herbs or dietary ingredients for
example, curcumin, derived from the ice
turmeric, influences over a hundred
known molecuar targetsin the biologicd
pahways of cancer tumorigeness
proliferation and metagtass (55) In fact
genomic gudies of herbd medicines and
naturd compounds are actudly suggesting
novd multi-target and  drug-synergy
goproaches that are bdng examined as
posible advances upon the limits of
curent pharmacothergpeutic paradigms
(56-59)

CONCLUSION

The dlegations that
botanicds ae a mgor cause of hamful
interactions with oncologicd drugs and a
donificant cause of the ubiquitous
thergpeutic falure of these agents is not
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only controversd, but dso without
foundation, ether in termsof clinicd case
reports or vaid experimentd and trid
evidence The clamed interactions are
dmog invariably theoreticd, or in conflict
with the minimad avalable data, and
contan erors of both omisson and
commisson to the extent that serious
guestions of bias vesed interes, and
defence of professond teritory and
authority mus be congdered as plaugble
motivation.

Sonificant individud variaions in
the efficacy and toxicity of conventiond
chemothergpy ae demongrably
asociated with genomic, proteomic and
metabolomic variables that fa exced
likdy influences of herb ingesion,
epecidly if batanicds are prescribed for
cance patients by professondstraned in
herbd medicine and experienced in the
oncologicd setting. Ultimately amyriad of
influences from the genetic to cuturd
concepts of hedth, and heding may dso
be sources of OnteractionO with drugs,
effectivdly condituting an Onteractions
universeQ which can be represmted in
tems of a hieachy of levds (e
Diagram 3 bdow)

Cultural Archetypes of
Meaning and Healing
Provider Collaboration
Clinical Strategy

Doctor - Patient Relationship

Pharmacogenomics
Pharmacogenetics

Interactions Universe

Diagram 3: The InteradionsOWives0,
reoraduced with pemisan from Modoy from
Sargove Treasureand MKee(52)
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A poignant agpect of negdive
attitudes towards herbd medicine is that
batanicds contain vauable lessons and
ingghts that hold the potentid to
trandorm  present  paadigns of
conventiona pharmacothergpeutics in a
postive way. From cantemporay drug
devdopment, which isinching avay from
the classcd traditiona Gilver bulletO
concept towards multi-target drategies
Onolecdar multitaskingd that is an
inherent agpect of much naturd
compound  activity,  through  to
trandisciplinary thergpeutic gpproaches
incaporating botanicds that  hold
promie for improving thergpeutic
outcomes for cancer patients the promise
of medicind plants sgnificantly outweghs
thar perils

APPENDIX : ABBREVIATIONS USED

ABC (ATP binding casettetrangoortery

ADM E (Absorption, Digribution, Metaboliam,
Excretion

CAM (Complementary and Alternative M edicine)
CPT (camptothecin)

CPT-11 (Irinotecan, Camptosar)

CYP450 (Cytochrome P450)

DPYD= (dihydropyrimidine dehydrogenase)
ERCC =(exdson repair crosscomplementaion
gene)

GST's (Glutathione Stranderass)

HDI (Heb-Drug Interactions)

IL (interleukin)

hMSH (human MutShomologuegene)

hHR (human homologousrecombination gene)
MGMT (methylguanine-D NA methyitranderase)
NQO1 (NADH quinoneoxidase)

PK (Pharmacokinetic)

PXR (Preghane X Receptor)

RFC (Reduced folate carrier)

SN\ P (SngeNudeotide Polymorphiam)

SN 38 (7-ethyl-10-hydroxy CPT = activated CPT -
11)

SIW (. John@Wort; Hyperi cum parfaratum)
TPMT (thiopurine Smethyltranderase)

TNF (tumor necrodsfactor)

TS (thymidylategnthas)

MTHFR (methylenetetrahydrofolatereductase)
XRCC1 (x-ray crosscomplementation gene)
UGT (uridine diphosphate glucuronosyl
transferase)
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