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Abstract
Background: Cannabidiol (CBD) serves as a promising medicine, with few known adverse effects apart from the potential of
drug interactions with the cytochrome P450 system. It has been hypothesized drug interactions may occur with chemotherapeutic agents, but no supporting evidence has been published to date. Case: A 58-year-old female with a history of bilateral
breast carcinoma in remission, was treated with tamoxifen for breast cancer prevention for over 6 years. CBD was instituted to
treat persistent postsurgical pain, inadequately managed by alternate analgesics. It was postulated that CBD may diminish
tamoxifen metabolism by CYP3A4 and 2D6 to form active metabolite endoxifen, which exerts the anticancer benefits. Endoxifen,
tamoxifen, N-desmetyltamoxifen and 4-hydroxytamoxifen levels were collected while the patient chronically received CBD
40 mg/day, and after a 60-day washout. Upon discontinuation of CBD 40 mg/day, it was observed that endoxifen levels increased
by 18.75% and N-desmethyltamoxifen by 9.24%, while 4-hydroxytamoxifen remained unchanged. Conclusion: CBD at a low
dose of 40 mg/day resulted in the potential inhibition of CYP3A4 and/or CYP2D6. Patients receiving CBD and interacting
chemotherapeutic drugs, such as tamoxifen, require monitoring to identify possible subtherapeutic response to treatment.
Further pharmacokinetic studies are required to ascertain the dynamics of this drug interaction.
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Introduction
Cannabis has gained increased acceptance as a medicine over
the past few decades in Europe and North America, in particular for the treatment of symptoms stemming from gastrointestinal, neurological and psychological disorders.1-3 It has
been theorized that tetrahydrocannabinol (THC) and cannabidiol (CBD) have the potential for significant drug interactions,
complicating drug therapy in conditions such as cancer.4
Unlike THC, CBD interacts more extensively with the cytochrome P450 system. As noted in several in vitro studies, CBD
acts as an inhibitor of enzymes 2C9, 2C19, 2D6, 3A4 and also
potentially inhibits or induces CYP 1A2 and 2B6 respectively.5-9 Here we present a case of a post-menopausal woman
with a history of bilateral breast carcinoma on long term therapy with tamoxifen for breast cancer prevention. In this case, a
reduction in metabolite N-desmethyltamoxifen and active
metabolite endoxifen with chronic CBD use was observed.
To our knowledge, this is the only clinical report in humans

that potentially demonstrates a CYP3A4/5 and 2D6 drug interaction with chronic CBD administration with a chemotherapeutic agent.

Case Report
The case report involves a 58 year old Caucasian female with a
history of fibromyalgia since the age of 21, bilateral wrist pain
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Table 1. Impact of Cannabidiol on Tamoxifen Metabolism.
Exposure to CBD
Endoxifen
Tamoxifen
N-desmethyltamoxifen
4-hydroxytamoxifen

16.00
70.00
119.00
1.00

ng/ml
ng/ml
ng/ml
ng/ml

After CBD washout
19.00 ng/ml
75.00 ng/ml
130.00 ng/ml
1.00 ng/ml

due to repetitive strain disorder since the age of 35, and a
prolonged history of anxiety and depression for a period of
more than 20 years.
At the age of 50, she was diagnosed with cancer of the right
breast, with a grade 2, ER/PR (þ), HER-2 (-) tumor without
lymph node involvement (Stage IIA-T2, N0, M0). Shortly after
adjuvant chemotherapy with dose dense doxorubicincyclophosphamide and paclitaxel [AC-PACL(DD)] for the right
breast, left sided breast cancer was detected upon MRI, which
showed a grade 2 invasive ductal carcinoma that was ER/PR (þ),
HER-2 (-) (Stage IIA-T1, N1, M0). Due to the close temporal
proximity to which the left sided breast cancer was detected after
detection of the right sided breast cancer, the originally scheduled
course of adjuvant AC-PACL(DD) chemotherapy remained the
same. Upon completion of adjuvant chemotherapy, the patient
underwent double mastectomy with reconstruction. After these
treatments, she remained in remission, however she developed
persistent post-surgical pain in her chest after reconstructive
surgery. The patient was placed on tamoxifen 20 mg daily for 5
years from 2011-2016 for breast cancer prevention, with a
subsequent switch to letrozole in 2016. Letrozole was not tolerated due to adverse effects, therefore tamoxifen therapy was
re-initiated for an additional 5-year course.
The patient’s pain management regimen traditionally consisted of opioid therapy, and her total morphine equivalent dose
was at or above 690 mg/day for several years. Previous
attempts at adding other non-opioid analgesics had failed,
which included gabapentinoids and tricyclic antidepressants.
A trial with duloxetine was not initiated, due to a relative
contraindication with tamoxifen therapy, as duloxetine is a
CYP2D6 inhibitor capable of reducing the production of active
metabolite endoxifen.
A trial with medical cannabis was considered to reduce
overall opioid drug burden and neuropathic pain symptoms.
A medical prescription was sent to a licensed Canadian medical
producer of cannabis, which issued a concentrated oil consisting of approximately 20 mg/mL of cannabidiol (CBD) and
2 mg/mL of tetrahydrocannabinol (THC). The dose was
gradually up titrated weekly starting in February 2018 by
0.1 mL (2 mg of CBD and 0.2 mg of THC), to a dose of
1 mL (20 mg of CBD and 2 mg of THC) twice daily over the
course of several months. The patient used a total of approximately 40 mg of CBD and 4 mg of THC orally per day from
March 2018 to July 2018.
In July 2018, upon a medication review by the clinic pharmacist, a potential interaction was noted in literature, whereby
CBD may act as a strong CYP2D6 inhibitor.9 The patient was

Reference range
6.01-43.19
12.54-233.07
2.59-373.96
0.24-5.05

ng/ml
ng/ml
ng/ml
ng/ml

Percentage change
18.75%
N/A
9.24%
0%

informed that the use of CBD may lower the degree to which
tamoxifen is metabolized to active metabolite endoxifen,
thereby potentially reducing its anticancer benefits. The patient
consented to have lab work performed, and blood levels were
drawn a week later in the early afternoon and sent to Quest
Diagnostics ™ in San Juan Capistrano, California for analysis.
The blood draw revealed that her serum endoxifen level was
16.00 ng/mL (6.01-43.19 ng/mL), N-desmethyltamoxifen
119.00 ng/mL (2.59-373.96 ng/mL), 4-hydroxytamoxifen level
was 1.00 ng/mL (0.24-5.05 ng/mL) and tamoxifen 70.00 ng/mL
(12.54-233.07 ng/mL); Table 1.
Despite demonstrating a therapeutic level of endoxifen, the
clinical team wished to explore the impact of CBD on tamoxifen metabolism further and evaluate whether discontinuation
of CBD would increase endoxifen levels. As the half-life of
CBD and their metabolites range from approximately
41-113 hours,10 the patient was advised and consented to go
through a thorough washout of at least 25-30 days (5 to
6 half-lives) and have tamoxifen and endoxifen levels repeated.
During this time, she primarily used acetaminophen, ibuprofen
and opioids for pain management.
At follow-up in February 2019, the patient discontinued her
cannabis oil and went through a washout for a period of 67 days.
A repeat serum blood sample was taken at the same time of day as
the previous blood sample, and sent to Quest Diagnostics™. The
resulting blood sample revealed increased serum levels of endoxifen 19.00 ng/mL (6.01-43.19 ng/mL), N-desmethyltamoxifen
130.00 ng/mL (2.59-373.96 ng/mL), and tamoxifen level of
75.00 ng/mL (12.54-233.07 ng/mL), but an unchanged level of
4-hydroxytamoxifen 1.00 ng/mL (0.24-5.05 ng/mL), as compared to when the patient was receiving CBD 40 mg/day. The
withdrawal of CBD 40 mg/day resulted in an 18.75% increase
in endoxifen, 9.24% increase in N-desmethyltamoxifen
whereas no discernable increase or decrease was found with
4-hydroxytamoxifen (Table 1).
As the patient’s endoxifen level was still above its respective
therapeutic thresholds for efficacy, the supervising physician
re-initiated the prescription for medical cannabis. In order to
determine the patient’s intrinsic CYP2D6 enzyme function and
its influence on the drawn serum samples, a pharmacogenetic
test was ordered using a cheek swab kit from Geneyouin® Inc,
Toronto, Canada. It was determined from this pharmacogenetic
test, that the patient is an ultra-rapid metabolizer for CYP 2D6
(*1/*1), as she possessed a copy number variation (multiple
copies of this gene), and is an extensive metabolizer for CYP
3A4 (*1/*1). Table 2 lists the patient’s complete pharmacogenetic profile of cytochrome P450 enzymes measured.
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Table 2. CH’s Cytochrome P450 Pharmacogenetic Profile.
Enzyme

Value

Profile

CYP 1A2 *1F/*1F

Ultrarapid metabolism inducible by caffeine and
tobacco smoking21
CYP 2B6 *6/*6
Slow metabolism22
CYP 2C8 *1A/*1A Extensive metabolism21
CYP 2C9 *1/*1
Extensive metabolism21
CYP
*2/*17
Possibly Normal Metabolism (*2—Poor Metabolism,
2C19
*17—Ultrarapid Metabolism)21
CYP 2D6 *1/*1
Ultrarapid metabolism (Copy Number Variation—
3 N)23
CYP 3A4 *1/*1
Extensive metabolism21
CYP 3A5 *3A/*3A Extensive metabolism21

After disclosure of the pharmacogenetic report to the
patient, she was approached and provided written consent to
have her medical information utilized, in the publication of this
case report.

Discussion
The metabolism of tamoxifen undergoes 2 pathways involving 2
separate steps to formulate endoxifen (Figure 1). The major
metabolic pathway, which accounts for approximately 90% of
tamoxifen metabolism, involves a first step by CYP3A4/5 which
metabolizes tamoxifen to N-desmethyltamoxifen.11,12 The
patient’s levels of N-desmethyltamoxifen increased by 9.24%
when CBD was withdrawn, indicating CBD had an inhibitory
effect on CYP3A4/5. This finding has been validated with a
recent pharmacokinetic study of CBD on clobazam
metabolism.13
The second step of this major pathway involves metabolism
of N-desmethyltamoxifen to endoxifen by CYP2D6, which
increased by 18.75% upon withdrawal of CBD, indicating a
potential inhibitory role of CBD on CYP2D6 activity. This
result potentially validates a previous theoretical study, that
demonstrated that CBD is a CYP2D6 inhibitor.9
The minor pathway’s first step involves CYP2D6 metabolism (along with lesser contribution of other CYP P450
enzymes), metabolizing tamoxifen to 4-hydroxytamoxifen.
Regardless of CBD exposure, no apparent changes were noted
in 4-hydroxytamoxifen levels. This may partly be explained by
the fragmented contribution that both CYP2D6 and CYP3A4/5
have in metabolizing tamoxifen to 4-hydroxytamoxifen, as
other CYP P450 enzymes are involved in this process as well.12
The second step of this minor pathway involving CYP3A4/5
may have been influenced by CBD, as upon withdrawal of
CBD, greater endoxifen levels were noted, however the exact
contribution of this reaction is confounded by the influence of
the major pathway.
A Naranjo adverse drug reaction probability scale score of 6
was obtained, indicating a probable role that CBD contributed
to CYP3A4/5 and CYP2D6 inhibition and resulting decreased
endoxifen production (Table 3).14 For CBD to have been categorized as having a definitive role (score been greater than 8) in

this drug interaction, re-exposure to either a higher dose of
CBD with corresponding greater inhibition of endoxifen production, or lower dose of CBD with corresponding lesser
inhibition of endoxifen production, would need to occur.
It cannot be ascertained from these results, the strength of
CYP3A4/5 or CYP2D6 inhibition. A strong CYP 3A4/5 inhibitory effect would have resulted in a bottleneck in the first step
of the major pathway, with elevated tamoxifen levels with
exposure to CBD. Paradoxically, tamoxifen levels were
slightly greater after CBD withdrawal. Similarly, an accumulation of N-desmethyltamoxifen would have occurred if there
was strong CYP2D6 inhibition by CBD, however this was not
observed as well. Based on these results, it is possible that the
inhibitory effect of CBD on both CYP3A4/5 and CYP2D6 is
either weak at this current dose and/or relatively equal as compared to one another, resulting in a lack of observed bottlenecking effect of parent drug and intermediate metabolite.
As CBD is being utilized more commonly as a therapeutic
agent to treat cancer pain, the potential for drug interactions
with other anticancer agents is highly probable.4 In the case of
this patient, the significance of this interaction was not clinically relevant, as the patient possessed an ultra-rapid metabolic
profile (CYP 2D6 *1/*1 copy number variation—3 N), which
resulted in therapeutic endoxifen levels despite the presence of
CBD inhibition of CYP2D6 and 3A4/5. However, the potential
for a CYP2D6 interaction with CBD may be particularly meaningful if a patient possesses an intermediate or poor CYP2D6
metabolic profile. A patient with this profile would intrinsically
have a greater risk of subtherapeutic endoxifen levels. Adding
CBD in such a case, would further reduce tamoxifen metabolism, which may lead to an enhanced risk of breast cancer
recurrence.15 It is noteworthy that the total daily of dose of
40 mg per day of CBD that this patient was using was considerably smaller than that which is administered for the
treatment of pediatric epilepsy disorders, which can exceed
>750-1500 mg/day.16-19 It is conceivable that with markedly
greater CBD exposure, a greater degree of CYP2D6 and
CYP3A4/5 inhibition would be observed resulting in potential
therapeutic failure with tamoxifen treatment. In addition to
tamoxifen, a series of other chemotherapeutic agents may be
influenced by CBD induced CYP 3A4/5 or CYP 2D6 inhibition
(summarized in Table 4). With CBD exposure, it is conceivable
that active chemotherapeutic parent drugs metabolized by these
enzymes to inactive compounds, would lead to accumulation of
active drug and thus cause a supratherapeutic response and/or
toxicity. Similarly, for inactive parent drugs that require CYP
3A4/5 or CYP 2D6 for metabolism into active metabolites, the
possibility of decreased biotransformation would potentially
lead to therapeutic failure at standard doses.
There were several limitations to this case report. In particular, medical cannabis products in Canada do not possess CBD
alone, but possess many other cannabinoids as they are whole
plant extracts from the cannabis plant.20 Therefore the presence
of these other cannabinoids may have had an interaction potential with tamoxifen as well, confounding our findings. Additionally, this case report assessed one individual with a
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Figure 1. Major and Minor Pathways of Tamoxifen Metabolism by Cytochrome P450 Enzymes.
Table 3. Naranjo Algorithm—Adverse Drug Reaction Probability Scale.14
Question

Yes

No

Do not know

1. Are there previous conclusive reports on this reaction?
2. Did the adverse event appear after the suspected drug was administered?
3. Did the adverse event improve when the drug was discontinued or a specific antagonist was administered?
4. Did the adverse event reappear when the drug was readministered?
5. Are there alternative causes that could on their own have caused the reaction?
6. Did the reaction reappear when a placebo was given?
7. Was the drug detected in blood or other fluids in concentrations known to be toxic?
8. Was the reaction more severe when the dose was increased or less severe when the dose was decreased?
9. Did the patient have a similar reaction to the same or similar drugs in any previous exposure?
10. Was the adverse event confirmed by any objective evidence?

þ1
þ2
þ1
þ2
-1
-1
þ1
þ1
þ1
þ1

0
-1
0
-1
þ2
þ1
0
0
0
0

0
0
0
0
0
0
0
0
0
0

Table 4. Chemotherapeutic Drugs With Potential Drug Interactions
With CBD.
Parent drug

Cytochrome P450 enzymes
Prodrug involved in metabolism

CYP2B6, CYP2C19, CYP3A424
CYP3A4, CYP1B124
CYP3A4, CYP2E1, CYP1A224
Yes
CYP1A2, CYP2C8/2C9, CYP2D6,
2C19, CYP3A425
Fulvestrant
CYP3A424
Gefitinib
CYP3A4, CYP2D624,26
Idarubicin
CYP2D6, CYP2C924
Ifosfamide
Yes
CYP2B6, CYP3A424
Imatinib
CYP3A424
Letrozole
CYP2A6, CYP3A424
Paclitaxel
CYP3A4, CYP2C8/924
Tamoxifen
Yes
CYP2D6, CYP3A424
Thiotepa
Yes
CYP2B6, CYP3A424
Toremifene
CYP3A4, CYP1A224
Vinblastine
CYP3A424,27
Vincristine
CYP3A424,27
Vindesine
CYP3A424,27
Vinorelbine
CYP3A424,27
Bold—Major Enzyme Involved in Metabolism
Cyclophosphamide
Docetaxel
Etoposide
Exemestane

Yes

Score

0
2
1
0
2
0
0
0
0
1
Total Score: 6

collection of only 2 serum samples. In order to validate these
findings, ideally a pharmacokinetic study involving several
participants receiving tamoxifen, prior to and after exposure
to variable doses (low, medium and high) of CBD would be
required to assess the reproducibility of these findings as well
as the dose response relationship between CBD and CYP3A4/5
and CYP2D6 inhibition.

Conclusion
Cannabidiol has the potential to inhibit CYP3A4 and CYP2D6,
when administered long term orally in small doses (<50 mg/
day). If CBD is utilized concurrently with chemotherapeutic
agents, careful consideration should be given regarding appropriateness of instituting CBD therapy in light of other unknown
clinical drug interactions that may impact treatment course and
enhance adverse effects. Further pharmacokinetic studies are
warranted to evaluate the inhibitory role CBD has on CYP2D6
and CYP3A4 to validate the findings presented in this case.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Parihar et al

5

Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.

14.

References

15.

1. Goyal H, Singla U, Gupta U, et al. Role of cannabis in digestive
disorders. Eur J Gastroenterol Hepatol. 2017;29(2):135-143.
doi:10.1097/MEG.0000000000000779
2. Kindred JH, Li K, Ketelhut NB, et al. Cannabis use in people with
Parkinson’s disease and multiple sclerosis: a web-based investigation. Complement Ther Med. 2017;33(July):99-104. doi:10.1016/j.
ctim.2017.07.002
3. Haroutounian S, Ratz Y, Ginosar Y, et al. The effect of medicinal
cannabis on pain and quality-of-life outcomes in chronic pain: a
prospective open-label study. Clin J Pain. 2016;32(12):
1036-1043. doi:10.1097/AJP.0000000000000364
4. Opitz BJ, Ostroff ML, Whitman AC. The potential clinical implications and importance of drug interactions between anticancer
agents and cannabidiol in patients with cancer. J Pharm Pract.
2020;33(4):506-512. doi:10.1177/0897190019828920
5. Yamaori S, Okushima Y, Yamamoto I, et al. Characterization of
the structural determinants required for potent mechanism-based
inhibition of human cytochrome P450 1A1 by cannabidiol. Chem
Biol Interact. 2014;215(1):62-68. doi:10.1016/j.cbi.2014.03.007
6. Yamaori S, Ebisawa J, Okushima Y, et al. Potent inhibition of
human cytochrome P450 3A isoforms by cannabidiol: role of
phenolic hydroxyl groups in the resorcinol moiety. Life Sci.
2011;88(15-16):730-736. doi:10.1016/j.lfs.2011.02.017
7. GW Biosciences. Epidiolex (cannabidiol) oral solution. [Full Prescribing Information]. U.S. Food and Drug Administration website. Updated June 2018. Accessed July 16, 2019. https://www.
accessdata.fda.gov/drugsatfda_docs/label/2018/210365lbl.pdf
8. Jiang R, Takeda S, Watanabe K, et al. Cannabidiol induces
expression of human cytochrome P450 1A1 that is possibly
mediated through aryl hydrocarbon receptor signaling in HepG2
cells. Life Sci. 2015;136:87-93. doi:10.1016/j.lfs.2015.07.007
9. Yamaori S, Okamoto Y, Yamamoto I, et al. Cannabidiol, a major
phytocannabinoid, as a potent atypical inhibitor for CYP2D6.
Drug Metab Dispos. 2011;39(11):2049-2056.
10. Consroe P, Kennedy K, Schram K. Assay of plasma cannabidiol
by capillary gas chromatography/ion trap mass spectroscopy following high-dose repeated daily oral administration in humans.
Pharmacol Biochem Behav. 1991;40(3):517-522. doi:10.1016/
0091-3057(91)90357-8
11. Muroi Y, Saito T, Takahashi M, et al. Functional characterization of wild-type and 49 CYP2D6 allelic variants for
N-desmethyltamoxifen 4-hydroxylation activity. Drug Metab
Pharmacokinet. 2014;29(5):360-366. doi:10.2133/dmpk.dmpk14-rg-014
12. Desta Z, Zhao X, Shin J, et al. Clinical significance of the cytochrome P450 2C19 genetic polymorphism. Clin Pharmacokinet.
2002;41(12):913-958.
13. Morrison G, Crockett J, Blakey G, et al. A phase 1, open-label,
pharmacokinetic trial to investigate possible drug-drug interactions between clobazam, stiripentol, or valproate and cannabidiol

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

in healthy subjects. Clin Pharmacol Drug Dev. 2019;8(8):
1009-1031. doi:10.1002/cpdd.665
Naranjo C, Busto U, Sellers E, et al. A method for estimating the
probability of adverse drug reactions. Clin Pharmacol Ther. 1981;
30(2):239-245.
Madlensky L, Natarajan L, Tchu S, et al. Tamoxifen metabolite
concentrations, CYP2D6 genotype, and breast cancer outcomes. Clin
Pharmacol Ther. 2011;89(5):718-725. doi:10.1038/clpt.2011.32
Devinsky O, Patel AD, Cross JH, et al. Effect of cannabidiol on
drop seizures in the Lennox–Gastaut syndrome. N Engl J Med.
2018;378(20):1888-1897. doi:10.1056/NEJMoa1714631
Devinsky O, Marsh E, Friedman D, et al. Cannabidiol in patients
with treatment-resistant epilepsy: an open-label interventional
trial. Lancet Neurol. 2016;15(3):270-278. doi:10.1016/S14744422(15)00379-8
Devinsky O, Patel AD, Thiele EA, et al. Randomized, doseranging safety trial of cannabidiol in Dravet syndrome. Neurology. 2018;90(14): e1204-e1211. doi:10.1212/WNL.00000000
00005254
Devinsky O, Cross H, Laux L, et al. Point-of-care application:
‘Trial of cannabidiol for drug-resistant seizures in the Dravet syndrome.’ N Engl J Med. 2017;376(21):2011-2020. doi:10.1016/j.
eujim.2017.08.002
Lewis MM, Yang Y, Wasilewski E, et al. Chemical profiling of
medical cannabis extracts. Am Chem Soc Omega. 2017;2:
6091-6103. doi:10.1021/acsomega.7b00996
Zhou S, Liu J, Chowbay B, et al. Polymorphism of human cytochrome P450 enzymes and its clinical impact. Drug Metab Rev.
2009;41(2):89-295. doi:10.1080/03602530902843483
Xu C, Ogburn ET, Guo Y.Effects of the CYP2B6*6 allele on catalytic properties and inhibition of CYP2B6 in vitro: implication for
the mechanism of reduced efavirenz metabolism and other CYP2B6
substrates in vivo. Drug Metab Dispos. 2012;40(4):717-725.
Updated April 1, 2012. Accessed July 16, 2019. http://dmd.aspetjour
nals.org/content/40/4/717.
Ellingrod L, Skaar TC, Müller DJ, et al. Supplement to: clinical
pharmacogenetics implementation consortium guideline for.
2017;49(0):1-20.
Rodriguez-Antona C, Ingelman-Sundberg M. Cytochrome P450
pharmacogenetics and cancer. Oncogene. 2006;25(11):1679-1691.
doi:10.1038/sj.onc.1209377
Peterson A, Xia Z, Chen G, et al. In vitro metabolism of exemestane by hepatic cytochrome P450 s: impact of nonsynonymous
polymorphisms on formation of the active metabolite 17b-dihydroexemestane. Pharmacol Res Perspect. 2017;5(3):1-16. doi:10.
1002/prp2.314
AstraZeneca Pharmaceuticals. Iressa (Gefitinib). [Product Monograph]. AstraZeneca Canada Incorporated product information
website. Published 2015. Updated September 27, 2017. Accessed
July 16, 2019. https://www.astrazeneca.ca/content/dam/az-ca/
downloads/productinformation/iressa-product-monograph-en.pdf.
Chan JD. Pharmacokinetic drug interactions of vinca alkaloids:
summary of case reports. Pharmacotherapy. 1998;18(6):
1304-1307. Updated January 17, 2012. Accessed July 16, 2019.
https://accpjournals.onlinelibrary.wiley.com/doi/abs/10.1002/j.
1875-9114.1998.tb03152.x

