
Herbal Hypotheses 3   © 2007, Jonathan Treasure Page 1 
   

 HERBAL HYPOTHESIS THREE 
 
 

Treading on the TigerÕs Tail:  
Interactions Between Herbs and Anticancer Drugs  
 
 
 
Jonathan Treasure, ma, mnimh, rh(ahg) 
Centre for Natural Healing, Ashland, Oregon 
 
 
 
 
 
ÒI have no data yet. It is a capital mistake 
to theorize before one has data. Insensibly 
one begins to twist facts to suit theories 
instead of theories to suit facts.Ó 
 
- Sherlock Holmes (A Scandal in Bohemia) 
 

For many cancer patients today, it is 
a commonplace that their oncologists will 
actively discourage the use of botanicals or 
dietary supplements such as antioxidants 
during conventional treatment. The 
prevailing justification for this position is 
that concomitant use of such agents with 
chemotherapy (or radiation) involves the 
likelihood of incurring potential adverse 
herb-drug interactions whereby the 
efficacy of the treatment may be reduced, 
to the extent of causing therapeutic 
failure.  

For the thinking cancer patient who 
starts to research the mainstream 
literature as part of the now obligate post-
diagnosis rite of becoming self-informed 
about their condition, it is disconcerting 
to discover that lack of efficacy and 
adverse effects are actually intrinsic 
features of anticancer chemotherapy itself. 
Any standard oncology text such as De 
Vita or Abeloff contains the facts: with the  

 

exception of some hematological and germ 
cell cancers ÒcureÓ is a rarity. 
Chemotherapy and radiation are 
associated with life-threatening toxicities. 
The efficacy of available systemic 
cytotoxic treatments for advanced disease 
is distressingly low while their cost-
effectiveness and impact on quality of life 
is abysmal. (1) A substantial case can be 
made for the failure of the Òwar on 
cancerÓ and the optimistic spin on the 
very moderate success of current cancer 
treatments. (2) Contrary to the assertions 
or beliefs of many oncologists, Òevidence-
basedÓ support for a substantial 
proportion of established oncological 
interventions is in reality often lacking. (3) 
Meanwhile new drugs often gain Òfast 
track approvalÓ by regulators on the basis 
of questionably small incremental 
increases in survival times based on a 
single trial, which is usually sponsored by 
the drug manufacturer.  

However it has to be conceded that 
much of the information available to 
oncologists in the professional literature 
about the nature of non-conventional 
therapies, their possible relevance to 
cancer and the extent of their use by 
cancer patients, let alone issues such as 
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potential interactions between herbs and 
anticancer drugs is both confused and 
confusing. At the same time useful 
contributions from non-conventional 
medical sources on the topic are largely 
lacking, whilst at a consumer level, the 
internet and popular media abound with 
unscrupulously promoted products and 
therapies making unsubstantiated claims 
targeting cancer patients.  The following 
review, a partial clear-cutting of the 
context and concepts involved in this 
controversial field, is intended to facilitate 
an improved understanding of the subject 
for oncologists, conventional and non 
conventional healthcare professionals and 
patients alike.  

Herb-drug interactions (HDI ) by 
definition constitute an ÒintegrativeÓ 
topic. A better term might be 
ÒtransdisciplinaryÓ since multiple 
knowledge disciplines are involved in 
understanding HDI - these include but 
are not limited to: a grasp of clinical 
botanical medicine and (not the same 
thing) of herbal medicines and (also not 
the same thing) natural product chemistry 
and pharmacology; research 
methodologies used to investigate drug 
metabolism in vitro and in vivo; 
pharmacology especially current 
developments in pharmacogenetics and 
pharmacogenomics; understanding of the 
multiple issues involved in evaluating and 
extrapolating from experimental and 
theoretical data to clinical settings; and 
ideally a non-partisan and Òintegrally 
informedÓ understanding of the clinical 
settings or contexts in which potential 
interactions between therapeutic 
modalities of biomedicine and botanical 
medicine as well as the interaction 
between their respective tools - 
pharmaceutical drugs and herbal 
medicines - may arise. Given that 
expertise in more than one or two these 
areas is unusual, most providers, especially 
busy oncologists, are faced with the need 
for collaborative transdisciplinary contexts, 

in which specialized expertise can be 
fruitfully exchanged and a common 
understanding created between all 
practitioners and providers.  

 

THE INTERACTIONS LITERATURE: 
LACK OF EVIDENCE &  LOGIC 

 A distinguishing feature of the 
evidence for an interaction (as well as drug 
adverse effects), whether drug with herb, 
nutrient or another drug, is that the 
standard ÔEvidence-Based MedicineÕ 
hierarchy of levels evidence tends to be 
inverted, with individual case reports and 
anecdotes actually providing prima facie 
indication of the existence of an 
interaction in clinical practice. StockleyÕs 
standard drug interactions textbook 
contains an encyclopedic compilation of 
such reports (4) and it was RuschitzkaÕs 
well documented report in The Lancet in 
2000 (5) of a case of acute graft rejection 
in a heart transplant patient taking 
cyclosporine and St. JohnÕs Wort 
concurrently that signalled the real clinical 
importance of interactions between that 
herb and narrow therapeutic index drugs, 
that had already been demonstrated 
experimentally with indinavir and digoxin. 
(6, 7) The premium value placed on the 
importance of accurate case reports for 
establishing both the existence and clinical 
significance of interactions has been 
likened to catching the criminal Òred 
handed at the scene of the crimeÓ. (8) This 
in turn places a great emphasis on the 
requirement for accurate comprehensive 
and consistent reporting Òfrom the scene 
of the crimeÓ in order that the 
ÒperpetratorÓ is properly identified 
according to the rules of evidence required 
in court. Unfortunately, it is widely 
acknowledged that the standard of 
interactions case reporting in the 
mainstream literature is variable, 
inconsistent, and generally below that 
required for a successful prosecution. In a 
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well-known review by Fugh-Berman in 
2001, the majority of HDI  case reports 
reviewed were evaluated as ÒimprobableÓ 
whilst a good number were completely 
ÒunevaluableÓ on the basis of the 
inadequate data provided. (9) 
Unfortunately the poor quality of case 
reports alleging herb-drug in interactions 
or adverse effects persists, despite 
documented examples of Òmistaken 
identityÓ of herbs (for example the so 
called ginseng-phenelzine interaction) as 
well as errors due to lack of elementary 
knowledge about botanical and 
nutritional therapeutics. (10)  

 A logical corollary of the empirical-
anecdotal evidence requirement for 
demonstrating the existence of an 
interaction is that an interaction between 
two agents may logically be independent 
of currently known mechanisms of action, 
(conversely, agents acting via similar 
mechanisms may not result in an 
interaction at all). Failure to understand 
this basic point is at the heart of one of 
the most pervasive problem in the 
interactions literature Ð the proliferation 
of Òtheoretical interactionsÓ, the logically 
most specious form of which is what 
might be called Òthe reverse-extrapolation 
adverse interactions fallacy.Ó The general 
form of the fallacy is (where A is a clinical 
or physiological parameter):  

 
¥ Herb X affects A 
¥ Drug Y affects A 
¥ Therefore combining Herb X with 
Drug Y implies an (adverse) herb-
drug interaction involving A.  

Usually, the fallacy is further 
compounded and confounded with 
concealed issues about routes of 
administration, animal species vs. human 
data, dosage levels in vitro vs. in vivo and 
so onÉf or example  

 
 

¥ Herb X injected into streptozocin-
induced diabetic rats at dose 100n 
lowers blood glucose 
¥ Drug Y, in human Type 2 diabetics 
is used to assist glycemic control  
¥ Therefore oral Herb X in humans 
causes an adverse interaction when 
combined with Drug Y.  

There are literally hundreds of these 
unconfirmed Òfantasy interactionsÓ listed 
in databases usually compiled in 
abbreviated format by pharmacists for 
physicians and available on electronic 
hand-held devices or in print and web 
based resources. Typical examples of 
reverse extrapolation adverse interactions 
like the one above include any herb with 
mild glucose normalizing properties 
adversely interacting with hypoglycemic 
drugs or any calming herbs interacting 
negatively with hypnotics and sedative 
drugs and so on. Sometimes the 
extrapolations are even more tenuous, 
made on the basis of quite incorrect 
understanding of the pharmacology of 
isolated single herbal constituents. The 
classic example of this genre being any 
Òcoumarin containing herbÓ interacting 
adversely with warfarin anticoagulation. 
Invariably there are no case reports 
demonstrating these Òtheoretical 
interactionsÓ, and often in vivo evidence 
exists that actually disproves the 
hypothetical extrapolations. However, the 
telegraphic format in which the databases 
present these alleged interactions is devoid 
of informed discussion both of the 
evidence and of the possible implications 
of the interacting combination for clinical 
practice. Some of these combinations may 
simply be ÒcontraindicatedÓ for any 
practitioner versed in the elementary 
principles and practice of botanical 
therapeutics. In other words, a 
hypothetical adverse interaction for a 
herb-na•ve pharmacist or physician could 
be viewed by a herb-literate professional 
as a violation of established principles of 
botanical prescribing. For example the 
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combination of the anxiolytic drug 
alprazolam with the herb  kava (Piper 
methysticum) would never be prescribed by 
a professional experiences in herbal 
therapeutics. Detailed analysis of reports 
of several of the cases of alleged 
hepatotoxic reactions due to kava 
consumption have been shown in fact to 
be due to kava-alprazolam combinations 
resulting from conventional physician 
recommendation in Germany. (11).  

 Where a herb-drug pair that is 
ÒpotentiallyÓ a theoretically interactive 
combination that cannot be completely 
characterized due to lack of experimental 
and clinical data (which is the case with 
the great majority of possible 
combinations) it is both logically 
admissible and from an Òintegratively 
informedÓ clinical perspective quite 
appropriate to reformulate the above 
hypothetical example as follows:  

Use of herb X may theoretically eliminate, 
postpone or enable reduced dose requirement 
of Drug Y to control parameter A, which 
may be beneficial in terms of lowered costs, 
increased compliance, reduced side effects and 
increased quality of life. Clinical trial 
evidence is lacking, however practitioners 
familiar with botanical prescribing might 
consider an empirical trial of co-
administration of Herb X with drug Y while 
monitoring the results (lab values, symptoms 
etc) on A. 

 

MYTHS, MEDIA & BIAS 

Some of the most egregious examples of 
claims regarding Òtheoretical adverse herb-
drug interactionsÓ are simply 
unsubstantiated speculations about the 
extent and significance of HDI  in general. 
Unfortunately the oncological HDI  
literature is replete with examples, such as 
the following from the introduction to a 
review article entitled ÒHerbal Remedies in 
The United States, potential Adverse 

Interactions With Anticancer AgentsÓ(12). 
Author Dr Alex Sparreboom, of the 
National Cancer Institute writes:  

 ÒMore than 100,000 deaths per year 
in the United States can be attributed to drug 
interactions, placing drug interactions 
between the fourth and sixth leading cause of 
death, and it has been suggested that the 
greater part of these may be linked to the use 
of herbs.Ó  

Firstly, the well known estimated 
statistic of drug associated morbidity 
referred to by Sparreboom relates to non-
error related prescription drug adverse 
events, not drug interactions. (13) The 
authorÕs subsequent claim that herb-drug 
interactions underlie these morbidity 
statistics is pure invention. That a 
statement containing this magnitude of 
error and misinformation can pass the 
process of peer review hardly reassures 
readers about the validity of the 
succeeding content of the article. 
Similarly, a review article entitled ÒHerb-
drug interactions in OncologyÓ - focus on 
mechanisms of inductionÓ (14) the authors 
make the following statement in the 
abstract: 

ÒIt is however estimated that CAM-
anticancer drug interactions are responsible 
for substantially more unexpected toxicities of 
chemotherapeutic agents and possible 
undertreatments seen in cancer patientsÓ 

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

ÒInduction of CYP or drug 
transporters will, in the case of active parent 
drugs, often lead to therapeutic failure 
because of lower plasma levels of the 
chemotherapeutic drug. As therapeutic failure 
in the treatment of cancer is common, very 
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often this effect may not be recognized as the 
consequence of an interaction with 
CAM.Ó(ibid. p745-6) 

Despite lacking both logical merit 
and factual support these speculations 
appear in indexed journals, which are 
subsequently quoted and re-quoted, as 
authoritative. Given the lack of evidence 
for these claims, bias against herbs and 
non-conventional therapies has to be 
considered as a possible explanation for 
these statements, along with journalistic 
tactics such as sensationalism and Òbuzz 
wordÓ enticements to attract reader 
attention (scientific articles are rated by 
Òimpact factorsÓ). Whether intentional or 
not, the overwhelming impression created 
is that herb-oncological drug interactions 
are a major cause of treatment failure and 
consequent morbidity. The cumulative 
effect of this, speculative, self-referential 
repetitive negative literature receives 
additional authority simply by virtue of its 
MEDLINE indexing, which leads to what 
has been called The ÔMainstream 
Manufacture of MisinformationÕ regarding 
herbal medicine .(10) 

Consumer media coverage of HDI 
tends to exaggerate and amplify the 
problems found in the professional 
literature, a fact compounded by the 
unfortunate but increasingly common 
practice for researchers to present 
preliminary findings at press conference as 
a means of publicizing and promoting 
their research and the institutions that 
supported it. Among the proponents of 
such media manipulation is Memorial 
Sloane Kettering Cancer Center, whose 
Dr Larry Norton was famously quoted on 
the front page of The New York Times, 
on October 26, 1997, as saying thatÉ  

 Òlarge doses of Vitamin C could blunt 
the efficacy of chemotherapy for breast cancerÓ  

apparently based on his unpublished 
research. In fact, when the research was 
published nearly two years later it turned 

out to be an experimental study with 
mouse cancer cells looking at only 
Vitamin C transport - and had nothing to 
do with the effects of Vitamin C with 
chemotherapy for breast cancer. On 
September 15th 1999, a press conference 
was held by the authors of the paper when 
it was finally published, in which they 
were quoted as saying É  

 Òlarge amounts of Vitamin C could 
interfere with the effects of chemotherapy or 
even radiation therapy.Ó  

This claim was rapidly extended 
from Vitamin C to antioxidants in general, 
as it was widely disseminated via the 
American Cancer Society, the internet, 
the mass media and other press to become 
an enduring myth. Today this is a 
persistent belief shared by most 
oncologists and many patients, despite its 
origin in an inappropriate comment to a 
national newspaper based on unpublished 
research that was not even relevant to the 
claim. None of these derivative sources 
review or discuss the relevant literature, 
which although controversial, on balance 
currently supports rather than opposes 
therapeutic co-administration of 
antioxidants with most chemotherapy. 
(15-19) 

Antioxidants aside, the principal 
concern identified by the majority of 
speculative discussions about HDI  in the 
oncological setting is that of the possible 
effects of herbs on drug bioavailability. In 
terms of classical pharmacology, this of 
course means pharmacokinetic (PK) 
interactions ie those relating to drug 
absorption, distribution, metabolism and 
excretion (ADM E). 

PHARMACOKINETIC INTER-
ACTIONS &  THE SJW MODEL 

Despite the importance of all 
aspects of ADME, in practice, most HDI  
literature emphasizes the metabolism 
aspect, focussing on Phase 1 (the hepatic-
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intestinal CYP450 mixed oxidase system), 
Phase 2 (conjugation reactions such as 
glucuronidation by UGTs) and Phase 3 or 
drug efflux transporters such as P-gp (P-
glycoprotein). Most classical anticancer 
drugs are substrates of these systems, 
undergoing transport and either 
bioactivation or metabolic degradation via 
these pathways; in some cases these drugs 
are themselves also co-inducers or co-
inhibitors as well as substrates of different 
enzymes and transporters. The ubiquitous 
overemphasis on herbal influences upon 
upstream determinants of drug 
bioavailability is in large part an 
extrapolation from the example of St. 
JohnÕs Wort (SJW), the implicit 
assumption being that SJW models the 
effects of other less well studied herbs on 
these systems. However there are a 
number of problems with this assumption.  

Firstly, SJW is effectively unique 
amongst herbs in that it exerts co-ordinate 
effects on phases 1, 2 and 3 of drug 
metabolism due to the ability of the active 
phloroglucinol constituent hyperforin to 
act as high affinity ligand for the PXR 
nuclear receptor. Using cell-based 
luciferase reporter methodology a small 
number of other herb-related natural 
compounds have recently been shown to 
act as PXR ligands in vitro - including 
artemisinin and guggulsterone. (20, 21) 
However, although it has been claimed 
that PXR binding is theoretically 
predictive of PK interactions (22), in fact 
neither guggul nor artemisinin are noted 
for such interactions; on the contrary 
artemisinin co-administered with 
carbamazepine for example increases the 
drug AUC. (23) It thus appears that SJW 
is unique in its capacity to co-ordinately 
activate multiple xenosensory mechanisms 
that have been conserved throughout 
evolution to regulate xenobiotic exposure. 
To date no other herb has been shown 
capable of exerting the magnitude of effect 
exhibited by SJW on these mechanisms. 
However, it is essential to contextualize 

these effects within the larger picture of 
other influences on drug ADME.  

It is well known that drug- 
metabolizing enzymes are subject to both 
inhibition and induction by a wide variety 
of foods, beverages dietary and related 
agents such as tobacco smoke, as well as 
lifestyle activities, including exercise etc. 
For example red wine decreases 
cyclosporine bioavailability more than 
SJW. (24) Although the subject of dietary 
influences on drug ADME is little studied, 
there is substantial evidence that many 
dietary substances including cruciferous 
vegetables, citrus juices, ethanol, 
charbroiled meat, cigarette smoke etc all 
can modulate drug metabolism and 
transport. It is impossible to tell patients 
to refrain from nutrition during treatment 
with medication, (although ludicrously, 
warfarinized patients have been told to 
stop eating green vegetables!) It is also 
nonsensical to suggest that supplements 
should carry warning labels for potential 
HDIs whereas food, often containing 
higher doses of the relevant compounds, is 
ÒexemptedÓ from such proposed labelling. 
For example fish oil supplements have 
been shown by in vitro to inhibit 
CYP2C19, CYP2D6 and CYP3A4 at dose 
levels which would be exceeded 100 -
3000 fold by typical annual human fish 
consumption. (25)  

 There are further variations in 
drug metabolizing enzyme activity 
according to genetic and physiological 
factors such as age, sex and disease status - 
especially renal and hepatic impairment. 
Interestingly, neoplastic tissues may 
differentially express CYP450 enzymes 
compared to normal tissue, potentially 
providing a specific target for clinical 
responses to chemotherapy, CYP1B1 
overexpression in hormone mediated 
cancers being the best studied example. 
(26)  

Cancer chemotherapy invariably 
involves drug polypharmacy, not only of 
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antineoplastic agent combinations but 
often involves comedication with disease-
related or pain-related drugs. Since a large 
number of prescription medications are 
inducers and/or inhibitors of Phase 1, 2 
and 3 systems, as well as possible co-
substrates with chemotherapy drugs for 
the same enzymes, interaction effects are 
often extremely hard to establish or 
predict. This in turn places an over-
reliance on in vitro data and animal 
experiments to attempt to discover 
pharmacokinetic HDI  parameters. 
Unfortunately, extrapolations from 
experimental data are fraught with 
difficulty. (27) In a thoughtful review of 
the topic by Butterweck et. al. the authors 
argued that rather than using problematic 
in vitro methods such as high throughput 
fluorescent screening technologies in large 
scale trawling attempts to screen for any 
possible herb effects on CYP450. They 
suggest a more appropriate strategy would 
be to approach the subject of potential 
interactions from the perspective a 
comprehensive characterization of the PK 
parameters of narrow therapeutic index 
synthetic drugs. The obvious logic being 
that it is essentially the narrow 
therapeutic index drugs which are 
responsible for the clinical significance of 
interaction problems, rather than herbs. 
(25) Herbs tend to have wide therapeutic 
margins due to the simple fact that the 
CYP system co-evolved to work with 
plants and compounds of natural origin, 
and botanical compounds are synthesized 
in eukaryotic cells.  

The fact is that actual case reports 
of SJW interactions in the literature are 
steadily decreasing. (28) This could be 
due to increased awareness of potential 
interaction problems associated with the 
herb, however Meyer recently analyzed six 
well known interactions including SJW-
cyclosporine and SJW-digoxin across a 
number of Òtertiary sourcesÓ of 
documentation and found only three out 
of six Òreference sourcesÓ even included all 

the interactions. (29) Nonetheless trials 
continue to be performed on PK drug 
interactions and SJW, which not only is 
unnecessary as argued by Butterweck but 
the quality of most of these trials remains 
limited. (25), According to a review of 22 
trials of SJW interactions by Mills et al, 
only 15 trials assayed the herb used for 
content, and dosing regimes and duration 
of herb exposure widely varied without 
rationale. Further methodological 
limitations were noted in the studies 
including blinding and randomization 
issues. (30) Many of these studies failed to 
comply with the standard FDA guidelines 
for pharmacokinetic study design. (31)  

With regard to anticancer drugs, it 
is often the case that the precise details of 
drug metabolism are unknown, especially 
for many of the older cytotoxics, for which 
detailed PK data was not required for 
drug licensing. In the case of newer drugs, 
ongoing research reveals a complexity of 
metabolic transformations that often 
confounds any simplistic attempt to 
extrapolate herb-drug interactions from 
incomplete in vitro or in vivo 
experimental data, whether or not there is 
some theoretical possibility of potential 
HDIs.  

For example the estrogen receptor 
modulator tamoxifen is often cited as 
being subject to potential herb-drug 
interactions. Recent studies have begun to 
reveal the detailed complexities of 
tamoxifen metabolism. 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 estrogen 
antagonist than the parent drug. 
However, another metabolite Ð endoxifen 
- was recently discovered, also a product 
of 4 hydroxylation by 2D6. Endoxifen is 
actually 1000x more active than the 
parent drug, or 10x more active than the 
previously known bioactivated derivative. 
It further transpires that endoxifen plasma 
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levels are 4x greater than those of 4-OH 
tamoxifen. In other words, previous 
studies were not looking at the most 
active metabolite. Tamoxifen also 
undergoes N-demethylation, but in vitro 
studies show that demethylation can be 
effected by no less than ten different CYPs, 
including 2B6, 2D6, 2C19, and 2C9. In 
addition, CYP1B1 may be a primary 
mediator of tamoxifen resistance because 
it can inactivate both the parent drug and 
the 4-OH derivatives by trans-cis 
isomerization; and as mentioned above, 
CYP1B1 is overexpressed in certain 
endocrine dependent malignancy 
including some breast cancers. For a 
recent review of tamoxifen 
biotransformation, see Rochat. (32) Most 
importantly, clinical evidence has now 
accumulated that variations in CYP2D6 
genotypes may be the major contributor 
to response variability in women using 
tamoxifen for breast cancer. (33, 34) 
Pharmacogenomics - the study of how 
genotypic variation affects drug 
disposition and effects - is now 
acknowledged as a highly significant 
contributory factor in cancer drug 
response variability. (35, 36)  

 

PHARMACOGENOMICS & 
INDIVIDUAL VARIABILITY OF 
RESPONSE TO ANTICANCER 
DRUGS 

The core challenge of cytotoxic 
anticancer chemotherapy is the high 
interindividual and intraindividual 
variability of response to the drugs, not 
only in terms of efficacy (tumor cell kill) 
but also in terms of general drug toxicities 
such as neutropenia which can be dose-
limiting and life threatening, as well as 
various agent-specific toxicities such as 
cardiotoxicity, nephrotoxicity and lung 
fibrosis. In reality, a major determinant of 
variability in drug response has been 
known since the 1950s, when it became 

apparent from observational studies by 
Vogel and others that there is an inherited 
basis underlying the individual differences 
in drug and xenobiotic effects. Although 
various concepts of ÒindividualityÓ have 
long been axiomatic in natural medicine, 
it is only the recent emergence of 
pharmacogenomics (and other Ò-omicsÓ 
disciplines such as metabolomics and 
proteomics) that has enabled modern 
biomedicine to finally incorporate the 
concept of patient Òbiochemical 
individualityÓ on a scientific basis. 
Although a relatively new field, 
pharmacogenomics has attracted 
considerable interest and research 
endeavour due to the prospective benefits 
of prediction or profiling of individual 
responses and hence appropriate doses to 
narrow therapeutic index drugs in order to 
ameliorate toxicity and increase efficacy. 
Determination of cytotoxic cancer drug 
dosage today is still governed by the body 
surface (BSA) system, which not only fails 
to address the genomic determinants of 
variability, but is actually is devoid of any 
rational theoretical foundation 
whatsoever. (37). 

 Pharmacogenomic determinants of 
drug response result from the existence of 
single base exchanges (Single nucleotide 
polymorphisms, or SNPs) in genes 
encoding proteins related to various 
different aspects of drug disposition and 
action, which generate significant 
phenotypic differences in drug responses. 
All the major families of human CYP450s 
exhibit polymorphisms leading to 
differences in enzyme functional activity. 
This can lead to different drug 
metabolizing phenotypes ranging from 
Òpoor > intermediate > extensive > ultra-
rapid metabolizersÓ for a given substrate, 
depending on the allelic distribution of 
SNPs. The resultant differences in 
pharmacokinetic parameters for many 
drugs are clinically significant, especially 
with substrates of CYP2D6 and CYP2C9 
where ten-fold variations in clearance have 



Herbal Hypotheses 3   © 2007, Jonathan Treasure Page 9 
   

been recorded in healthy volunteers with 
different genotypes. (38) Individual 
polymorphisms of genes encoding Phase 2 
and 3 proteins are also now well 
established as significant causes of drug 
response variability, and a genotype-
phenotype analysis of entire drug 
pathways is now accepted as a necessary 
condition for complete characterization of 
drug responses.  

For many drugs, considerable data 
has accumulated implicating not only 
SNPs of genes that affect the upstream 
mechanisms of drug transport and 
metabolism, but also those affecting drug 
target sites, such as DNA repair, 
metabolism and transformation systems, 
as well as downstream mechanisms of drug 
actions, which for anticancer drugs 
includes the intrinsic and extrinsic 
apoptosis pathways, as well as chemokines 
related to signalling cascades, such as IL-
10, Il-6 and TNF-alpha. Each of these 
stages (upstream, drug target &  
downstream) therefore has potential to 
contribute to individual differences in 
drug efficacy, toxicity and resistance. (39) 
See diagram 1 below. 

 

 
Diagram 1: Candidate genes with SNPs contributing 
to upstream, drug target and downstream mechanisms 
of cancer drug response and toxicity variability. Based 
on Efferth, 2007  See appendix for abbreviations.  

IRINOTECAN & ST JOHN’S WORT: 
DECONSTRUCTION OF AN 
INTERACTION 

As already emphasized, there are no 
clinical case reports of pharmacokinetic 
interactions caused by herbs being taken 
with chemotherapy drugs published in the 
literature to date. Without such reports 
the clinical significance of a hypothetical 
interaction is unknown, even if there is 
apparently supportive data for an 
interaction from experimental or trial 
data. This can be illustrated by a detailed 
analysis of the combination of St. JohnÕs 
Wort (SJW) and the anticancer drug 
irinotecan, often cited in review articles as 
an example of a genuine Òevidence basedÓ 
chemotherapy drug-herb interaction. (12, 
14)  

 Irinotecan (CPT-11) is a 
semisynthetic analogue of the alkaloid 
camptothecin (CPT), which naturally 
occurs in the botanicals Camptotheca 
acuminata (Nyssaceae) and Mappia foetida 
(Icacinaceae). CPT is a topoisomerase-1 
inhibiting agent that has activity against a 
variety of solid tumors. Irinotecan is a 
water soluble pro-drug, that is cleaved 
enzymatically by tissue and hepatic 
carboxylesterases to form the active 
metabolite SN-38 Irinotecan is FDA 
approved for the treatment of colorectal 
cancer, the third most common 
malignancy in the United States, but is 
associated with severe dose limiting 
toxicities, namely grade 4 neutropenias 
and diarrhea. These can lead to 
dehydration, infection, hospitalization, 
additional medication requirements and 
death.  

 The metabolism of irinotecan is 
complex, and is summarized in diagram 2 
below. The critical determinant of 
available drug levels is the balance 
between the activated form of irinotecan 
prodrug (SN38) and its inactive 
glucuronide conjugate (SN-38G), which is  
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produced via uridine diphosphate 
glucuronosyl transferases (UGTs), 
especially UGT1A1. Most UGTs are 
subject to polymorphisms that can 

significantly modify their functional 
activity. A common polymorphism of the 
enzyme that inactivates SN38 is 
UGT1A1*28.

 

 

 

    Diagram 2: The metabolism of irinotecan 

 

In patients receiving the drug there is an 
established association between 
homozygosity of the UGT1A1*28 allele 
and severity of neutropenia (40, 41). The 
accumulated data on the effect of the  

1A1*28 polymorphism on drug levels and 
consequent toxicity was sufficiently 
convincing for the FDA to license a 
genomic test back in 2005 to identify 
homozygous who are at risk of life-
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threatening neutropenias. At the same 
time the drug labelling was changed to 
recommend dose reduction of irinotecan 
for known 1A1*28 homozygotes. (42) 
Emerging research also suggests that 
polymorphisms of the influx and efflux 
transporters for which SN-38/SN-38G are 
substrates may also actively determine 
differences in drug disposition. (43, 44) 
Although the current consensus is that 
pharmacogenomic differences may not 
explain all the individual variation seen in 
physiological responses to irinotecan, it 
makes a sufficiently critical contribution 
that genetic testing of all patients prior to 
initiating irinotecan therapy has been 
suggested as required standard of care. 
(45, 46) 

The supposed Òtheoretical adverse 
interactionÓ here is an extrapolation based 
on the idea that since SJW can  induce 
UGT enzymes via PXR activation it will 
hypothetically cause an increase in 
glucuronidation of the active SN38 to 
inactive SN38G, causing a drop in 
therapeutic efficacy due to lowered active 
drug availability. The evidence for this is 
attributed to a small unblinded study 
involving five cancer patients given an 
irinotecan infusion after18 days pre 
treatment with SJW at 900 mg daily dose. 
(47) On subsequent administration of 
irinotecan, a mean decrease in area under 
curve (AUC) for the active drug SN-38 
was found after SJW pretreatment. 
However no difference was found in the 
rate of glucuronidation of SN-38 
following SJW administration. SJW was 
also associated with a significant decrease 
in neutropenia toxicity compared to 
irinotecan alone.(47) The SN-38/SN-38G 
ratios remained unchanged following SJW 
administration, which suggests a negligible 
effect of the herb on glucuronidation 
enzymes, and an unchanged half life of 
SN-38 in the presence and absence of 
SJW, further suggests that herb effects on 
efflux pumps were not involved. The only 
irinotecan metabolites produced via 

CYP3A4 (ANC and NPC) actually 
decreased rather than increased which 
would be expected if SJW had exerted 
typical inductive effects. (47) Another 
unrelated study recently has confirmed 
that SJW pretreatment also leads to 
decreased not increased glucuronidation of 
SN-38. (48)  

 There are major problems in 
drawing any conclusions from this data. 
Firstly, the study was small (n=5), and the 
sample patients each had different cancers. 
Secondly, irinotecan infusion is 
administered with dexamethasone, a 
known modulator of drug metabolizing 
enzymes and transporters. Thirdly, and 
most important, the variation of SN-38 
AUC (14%-70%) after SJW treatment 
was well within the normal limits of 
variation that exists between different 
genotypes of UGT1A1*28. But the 
authors not only failed to genotype the 
subjects, but did not even discuss the 
possibility of pharmacogenomic variations 
in interpreting their results.  

 Given the complexities of irinotecan 
biotransformation and the known role of 
pharmacogenomic factors, this 
underpowered study clearly offers no 
support for the existence of a Òclassical 
SJW mediated inductionÓ interaction Ð if 
anything it disproves such the typical SJW 
interaction.  Yet despite dubious data and 
methodological flaws this trial is 
repeatedly cited without discussion as 
evidence for such an interaction. 
Interestingly, one of the co-authors of the 
study is also the author of a HDI -
anticancer drugs review paper, which 
asserts the existence of the SJW-
irinotecan interaction. The author is 
therefore obliged to disregard the detailed 
findings of his own study by saying in his 
review ÒregardlessÉ( of this study of mine 
[ed.])Ét he modulation of CYP3A4 and P-
glycoprotein activity observed with St. JohnÕs 
Wort is particularly worrying, bearing in 
mind its crucial role in the elimination of 
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many important cancer drugsÓ. (12) In 
other words the well known inductive 
effects of SJW are being generically 
invoked by the author to argue for an 
interaction whose existence is in fact 
contradicted by his own study. One is 
reminded again of Sherlock HolmesÕ 
caution: ÒInsensibly one begins to twist facts 
to suit theories instead of theories to suit 
facts.Ó  

 

 The most appropriate management 
guideline to give to prospective candidates 
for irinotecan therapy would be to 
recommend genomic testing for 
UGT1A1*28 polymorphism. In other 
words, the priority and focus needs to be on 
the dangers of the drug, and individual 
patient centered profiling of possible 
toxicities, not speculations about SJW (or 
any other herb). At the time of writing, 
genomic testing of patients prior to use of 
irinotecan still appears in practice to be 
the exception rather than the rule. Finally, 
from an Òintegrally informedÓ perspective, 
it is entirely appropriate to consider using 
appropriate botanicals to ameliorate the 
toxicities of irinotecan, although this 
strategy requires botanically literate 
prescribing by experienced or specialized 
professionals.  
 

In this context a recent editorial by 
oncologist Ethan Basch discussing a paper 
on ÒControversies surrounding CAM in 
CancerÓ given at an EORTC (European 
Organization for Research and Treatment 
of Cancer) conference in 2006 is relevant: 

 
 ÒMost oncologists are also aware of 
important potential interactions, such as St 
John's wort and P450, and the theoretical 
interference of high-dose antioxidants with 
some chemotherapeutics or radiotherapy. It is 
increasingly recognized that maintaining 
knowledge beyond this level is not feasible 
for oncologists, and requires specific 
expertise. É This multidisciplinary model 

can also educate oncologists about when 
referrals are appropriate; for example, to 
alleviate symptoms or improve quality of life. 
The needs of patients will be best served in 
such a collaborative context, in which 
knowledge expectations (and limitations) 
of both rolesÑ medical oncologist and 
CAM consultantÑ are clearly delineated 
and accepted.Ó  
(49) 

 

BENEFICIAL HERB - DRUG 
COMBINATIONS IN ONCOLOGY 

 A key role for BaschÕs ÒCAM 
consultantsÓ (ie, for our purposes 
professional providers with knowledge and 
experience of botanical prescribing) is the 
strategic employment of beneficial herb-
drug combinations. This possibility is 
disregarded by most HDI  literature which 
persistently emphasizes adverse rather 
than beneficial interactions to the extent 
that the term HDI  has largely perjorative 
associations, and is a euphemism for 
adverse event. 

There is arguably a valid question as 
to whether the intentional and beneficial 
combination of herb (or nutrient) with 
drug constitutes an ÒinteractionÓ as 
opposed to an Òintegrally informedÓ 
treatment strategy. This tends to be more 
so for pharmacodynamics where the 
quantitative nature of pharmacokinetic 
parameters are usually absent; most drugs 
can be analyzed in terms of dose-response 
relationships, however clinical end-points 
are rarely linear or simple. To 
oversimplify, an interaction in sensu stricto 
must either be a supra-additive (2+2=5) or 
subadditive (2+2=3) result of a 
combination that might normally be 
expected to be simply additive as in 
(2+2=4). Conventional pharmacology has 
devoted little attention to issues of 
defining, analyzing and quantifying 
pharmacodynamic interactions, and very 
often terms such as ÒsynergisticÓ are used 
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without any explanation or definition of 
what ÒsynergyÓ actually involves, although 
admittedly non-conventional modalities 
are probably less rigorous in their misuse 
of this terminology. (50)A pertinent 
example is the fact that drug combinations 
have long been employed in anticancer 
chemotherapy, although data on whether 
their effect is additive or supradditive is 
generally unavailable. For present 
purposes, a beneficial HDI  may be 
regarded operationally as synonymous 
with the deliberate strategic combination 
of herb(s) with drug(s) whose therapeutic 
intent is to increase treatment efficacy or 
reduce its toxicity compared to treatment 
with the drug alone.  

For example, returning to the SJW-
irinotecan example above, a recent rodent 
study found that oral SJW pretreatment 
before irinotecan infusion significantly 
reduced intestinal (diarrhea) drug toxicity 
which was associated with reduction of 
inflammatory cytokine levels. The authors 
suggested SJW might be further 
investigated for its potential to reduce the 
dose limiting intestinal toxicity of the 
drug. (51) This conclusion was 
subsequently criticized on the grounds 
that it ignored the Òwell known CYP450 
and P-gp induction effects of SJWÓ and 
emphasized that SJW should not be co-
administered with irinotecan due to the 
fact that the drug is Òextensively 
metabolized by CYP450 3A4.Ó (52) This 
criticism misses a most significant point 
for the herb literate practitioner: anti-
inflammatory herbs may help reduce 
chemotherapy induced intestinal side 
effects such as mucositis and diarrhea. Of 
course, SJW may not be the herb of 
choice for this indication, but in reality 
given the extensive publicity and 
understanding of the interaction potential 
of SJW with narrow therapeutic index 
anticancer drugs, most physicians, 
oncologists, educated patients, and all 
herb-literate non-conventional providers 
would avoid co-administration of SJW 

with these agents as a matter of routine.  

During chemotherapy, a strategy of 
using mucosal protective and anti-
inflammatory botanicals (those lacking the 
PK induction effects of SJW) to 
ameliorate the common toxicity of drug 
induced intestinal mucositis is clearly 
appropriate and desirable. Such agents 
might include licorice and aloe gel which 
both have good data for this indication, 
whilst any of many other botanicals could 
be utilized to systemically downregulate 
inflammation at a transcriptional level via 
inhibition of nuclear factor Kappa-B.  

Generally, there are several distinct 
areas where botanicals can be used 
effectively in conjunction with 
conventional oncological treatments: 

¥ prophylaxis, antidoting and 
recovery from general dose limiting 
toxicities such as myelosuppression.  

¥ prophylaxis, antidoting or recovery 
from agent specific or organ specific 
toxicities, such as platinum related 
nephrotoxicity, bleomycin induced 
lung fibrosis, or Adriamycin induced 
cardiotoxicity. 

¥ chemosensitization: increasing the 
efficacy of chemotherapy by 
countering multiple signalling 
pathways involved in drug 
resistance. 

¥ additive, complementary (and 
potentially synergistic) combination 
antitumor activity with 
chemotherapeutic agents, whether 
classical cytotoxic or targeted Ð eg 
antiangiogenic agents.  

¥ chemoprevention: following 
treatment, ie encouragement of host 
resistance to prevent recurrence. 

 The evidence base for these different 
ÒinteractionsÓ involves extrapolations 
from experimental studies using in vitro or 
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animal modelling systems, together with 
the anecdotal experience of practitioners 
skilled in traditional botanical prescribing 
who work in oncological settings. For a 
comprehensive review of the relevant data 
in the above areas see for example (53, 
54). The dearth of clinical trial evidence 
here is not only due to ethical issues 
relating to use of unproven botanical and 
natural compounds in clinical trials on 
cancer patients, but also because of lack of 
interest (research funding) from 
pharmaceutical corporations in natural 
products that are unpatentable and 
unlikely to lead to profitable drug 
development. There are also significant 
and much discussed methodological 
problems of study design involving natural 
medicine approaches. Herbs are not 
drugs, their influence is more subtle and 
physiological than pharmacological, 
involving time-dependent shifts in 
multiple metabolic and signalling 
pathways that are distinctly different from 
the actions of most pharmaceuticals. This 
is of course part of their strength, not a 
weakness. ÒMolecular multitaskingÓ is 
characteristic of natural compounds, 
whether herbs or dietary ingredients; for 
example, curcumin, derived from the spice 
turmeric, influences over a hundred 
known molecular targets in the biological 
pathways of cancer tumorigenesis, 
proliferation and metastasis. (55) In fact 
genomic studies of herbal medicines and 
natural compounds are actually suggesting 
novel multi-target and drug-synergy 
approaches that are being examined as 
possible advances upon the limits of 
current pharmacotherapeutic paradigms. 
(56-59) 

 

CONCLUSION 

 The allegations that 
botanicals are a major cause of harmful 
interactions with oncological drugs and a 
significant cause of the ubiquitous 
therapeutic failure of these agents is not 

only controversial, but also without 
foundation, either in terms of clinical case 
reports or valid experimental and trial 
evidence. The claimed interactions are 
almost invariably theoretical, or in conflict 
with the minimal available data, and 
contain errors of both omission and 
commission to the extent that serious 
questions of bias, vested interest, and 
defence of professional territory and 
authority must be considered as plausible 
motivation.  

Significant individual variations in 
the efficacy and toxicity of conventional 
chemotherapy are demonstrably 
associated with genomic, proteomic and 
metabolomic variables that far exceed 
likely influences of herb ingestion, 
especially if botanicals are prescribed for 
cancer patients by professionals trained in 
herbal medicine and experienced in the 
oncological setting. Ultimately a myriad of 
influences from the genetic to cultural 
concepts of health, and healing may also 
be sources of ÒinteractionÓ with drugs, 
effectively constituting an Òinteractions 
universeÓ, which can be represented in 
terms of a hierarchy of levels. (see 
Diagram 3 below)  

 

 

 

Diagram 3: The  Interactions ÒUniverseÓ, 
reproduced with permission from Mosby from 
Stargrove, Treasure and McKee (52)   
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 A poignant aspect of negative 
attitudes towards herbal medicine is that 
botanicals contain valuable lessons and 
insights that hold the potential to 
transform present paradigms of 
conventional pharmacotherapeutics in a 
positive way. From contemporary drug 
development, which is inching away from 
the classical traditional Òsilver bulletÓ 
concept towards multi-target strategies 
Òmolecular multitaskingÓ that is an 
inherent aspect of much natural 
compound activity, through to 
transdisciplinary therapeutic approaches 
incorporating botanicals that hold 
promise for improving therapeutic 
outcomes for cancer patients, the promise 
of medicinal plants significantly outweighs 
their perils. 

 
APPENDIX : ABBREVIATIONS USED 
 
ABC (ATP binding cassette transporters)  
ADM E (Absorption, Distribution, Metabolism, 
Excretion 
CAM (Complementary and Alternative Medicine)  
CPT (camptothecin) 
CPT-11 (Irinotecan, Camptosar)   
CYP450 (Cytochrome P450) 
DPYD= (dihydropyrimidine dehydrogenase) 
ERCC = (excision repair cross-complementation 
gene) 
GSTs  (Glutathione S-transferases) 
HDI (Herb-Drug  Interactions) 
IL (interleukin) 
hMSH  (human MutS homologue gene) 
hHR  (human homologous recombination gene) 
MGMT  (methylguanine-DNA methyltransferase) 
NQ01 (NADH  quinone oxidase) 
PK (Pharmacokinetic) 
PXR (Pregnane X Receptor) 
RFC (Reduced folate carrier) 
SNP (Single Nucleotide Polymorphism) 
SN38 (7-ethyl-10-hydroxy CPT= activated CPT-
11)  
SJW (St. JohnÕs Wort; Hypericum perforatum) 
TPMT (thiopurine S-methyltransferase) 
TNF (tumor necrosis factor) 
TS  (thymidylate synthase) 
MTHFR (methylene tetrahydrofolate reductase) 
XRCC1 (x-ray cross complementation gene) 
UGT (uridine diphosphate glucuronosyl 
transferase) 
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