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Abstract

Many patients treated with imatinib, used in cancer treatment, are using several other drugs that could interact with imatinib. Our aim
was to study all the drug–drug interactions (DDIs) observed in patients treated with imatinib.
We performed 2 observational studies, between the 1st January 2012 and the 31st August 2015 in the Midi-Pyrénées area (South
Western France), using the French health insurance reimbursement database and then the French Pharmacovigilance Database
(FPVD).
A total of 544 patients received at least 1 reimbursement for imatinib. Among them, 486 (89.3%) had at least 1 drug that could
potentially interact with imatinib. Paracetamol was the most frequent drug involved (77.4%). Proton pump inhibitors, dexamethasone
and levothyroxine, were found in >10% of patients. In the FPVD, among a total of 25 reports of ADRs with imatinib recorded in the
Midi-Pyrénées area, 10 (40%) had potential DDIs with imatinib. Imatinib was most frequently prescribed by hospital physicians and
drugs interacting with imatinib, by general practitioners.
Our study showed that at least 40% of the patients treated with imatinib were at risk of DDIs and that all prescribers must be
cautious with DDIs in patients treated with imatinib. During imatinib treatment, we particularly recommend to limit the dose of
paracetamol at 1300 mg per day, to avoid the use of dexamethasone, and to double the dose of levothyroxine.
Abbreviations: ADR = adverse drug reaction, CYP = cytochrome P, DDI = drug–drug interaction, FPVD = French
pharmacovigilance database, MedDRA = Medical Dictionary for Drug Regulatory Activities, SmPC = Summary of Product
Characteristics, SNIIRAM = Système National d’Information Inter-Régimes de l’Assurance Maladie.
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1. Introduction

Authorship: EBG decided the design of the study and participated in all of the
steps, IR performed the study and wrote the manuscript, VR prepared the
statistical analysis, RB collected data from SNIIRAM, LC collected data from
FPVD, MLM, FD and JLM discussed the manuscript.

Imatinib, the ﬁrst oral BCR-ABL and c-kit tyrosine kinases
inhibitor approved for cancer, is involved in several drug–drug
interactions (DDIs). According to the Summary of Product
Characteristics (SmPC) of Glivec (Novartis Europharm Limited,
Camberley, UK), cytochrome P-450 (CYP450) 3A4 is the main
enzyme responsible for imatinib metabolism.[1] The SmPC
indicates that “caution should be taken when administering
Glivec with inhibitors of the CYP3A4 family” or “concomitant
use of rifampicin or other strong CYP3A4 inducers and imatinib
should be avoided.” In vitro, imatinib is also a moderate
competitive inhibitor of CYP2C9, 2D6, and 3A4/5. This tyrosine
kinases inhibitor has also been shown, in vitro and in vivo, to be a
substrate for the drug-efﬂux transporter P-glycoprotein.[2,3] The
metabolites of imatinib are eliminated through biliary excretion.
Haouala and colleagues[4] reviewed all the DDIs with imatinib
reported in the literature or predicted from theoretical considerations. Bowlin and colleagues[5] speciﬁcally investigated DDIs
with imatinib that could potentially diminish the efﬁcacy or raise
the toxicity level of imatinib.
Our aim was to study all the DDIs observed in patients treated
with imatinib. Thus, we performed 2 observational studies to
identify: (1) drugs most frequently dispensed simultaneously with
imatinib through the French health insurance reimbursement
database SNIIRAM (Système National d’Information InterRégimes de l’Assurance Maladie) and then (2) adverse drug
reactions (ADRs) related to DDIs involving imatinib using the
French Pharmacovigilance Database (FPVD).
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2. Material and methods

Table 1

SNIIRAM contained data from the general health insurance
system that covers almost 90% of the French population. It aimed
at better understanding and evaluating beneﬁciaries’ health care
consumption.[6] Data is only available for a period of 3 years plus
the current year. This information can also be used, under reallife conditions of patient management, to identify potential DDIs.
The database contains information on demographic characteristics of users, the date of dispensing, the quantity of dispensed
drug expressed in deﬁned daily doses, and prescribers. Drugs are
classiﬁed according to the Anatomical Therapeutic Chemical
classiﬁcation system. Only the information on drugs prescribed
and reimbursed by the French health system is recorded in
SNIIRAM, thus excluding drugs that are not reimbursed or
delivered during hospitalizations or sold over-the-counter.
We extracted a sample of patients living in the Midi-Pyrénées
area (2,600,000 inhabitants, South Western France) and
receiving at least a refund for imatinib between the 1st January
2012 and the 31st August 2015. For practical reasons, we deﬁned
periods of exposure to drugs. We considered that a patient was
exposed to drugs 30 days after the date of dispensation plus the
period for the elimination of these drugs. We considered that
elimination was complete after 7 half-lives.[7] A potential DDI
with imatinib was deﬁned by superimposing a period of exposure
to imatinib with a period of exposure to drugs that could interact
with imatinib. We have considered an interruption of treatment
when 2 dispensations were spaced at least by 2 months. We
considered a potential DDI at each new reimbursement date in a
period of exposure to imatinib.
The French adverse drug reactions reporting system was ﬁrst
established in 1973 and the FPVD in 1985 to record spontaneous
reporting of ADRs.[8,9] For each report, information about the
patient, ADR, and drug exposure is recorded in the FPVD. ADRs
are coded according to the Medical Dictionary for Drug
Regulatory Activities (MedDRA).[10] For each drug, a causality
assessment (“imputability” or “imputation”) is performed, using
the validated French Pharmacovigilance System’s method.[11] If
causality was found between the drug and occurrence of ADR,
the drugs were deﬁned as “suspected.”
We ﬁrst extracted, from the FPVD, all ADRs reported in the
Midi-Pyrénées area between the 1st January 2012 and the 31st
August 2015 in which imatinib was “suspected” and second,
identiﬁed potential DDIs with imatinib. The following data were
collected: age and gender of the patient, drugs, ADRs.
We used the European SmPC of Glivec and the National
Thesaurus recommended by the French Drug Agency (Agence
Nationale de Sécurité du Médicament et des produits de santé) to
identify the drugs that could interact with imatinib.[1,12] This
National Thesaurus has been developed to facilitate clinical
management and is regularly updated. The June 2015 version
was used for this study.
Statistical analysis was descriptive: we calculated numbers and
percentages for qualitative variables, mean ± standard deviations,
and ranges for quantitative ones. SAS software version 9.4 (SAS
Institute Inc., Cary, NC) was used for analysis.

Distribution of patients according to the number of potential
drug–drug interactions with imatinib per patient in the SNIIRAM
cohort between 2012 and 2015 in the Midi-Pyrénées area.
Number of potential DDIs
with imatinib
1
2
3
4
5
6
7
8
9

Number of patients
∗
N = 486 n (%)
111
122
113
65
50
16
7
1
1

(22.8%)
(25.1%)
(23.3%)
(13.4%)
(10.3%)
(3.3%)
(1.4%)
(0.2%)
(0.2%)

DDI = drug–drug interaction, SNIIRAM = Système National d’Information Inter-Régimes de
l’Assurance Maladie.
∗
One patient could have been exposed to 1 or more drugs that could interact with imatinib. The total
number of potential DDIS was 1366 for SNIIRAM.

were mainly men (n = 294; 54.1%) and mean age was 62.4 ± 16.9
years old (range: 7–94).
Among the 544 patients exposed to imatinib, 486 (89.3%) had
at least 1 drug prescription that could interact with imatinib. The
number of potential DDIs ranged from 1 to 9 with a total of 1366
potential DDIs (Table 1).
Table 2 shows the distribution of patients according to drugs
that could interact with imatinib. The most frequent was
paracetamol (77.4%) and its interaction with imatinib could
increase paracetamol toxicity. More than 10% of patients also
had potential DDIs with proton pump inhibitors (33.3% for
omeprazole) or dexamethasone (23.7%) that could decrease
imatinib effectiveness and with levothyroxine (18.5%) that could
decrease levothyroxine effectiveness. Ketoconazole and clarithromycin were the most frequently used drugs that could
increase imatinib toxicity (respectively 5.1% and 4.7%).
There were 13,418 prescriptions of imatinib and 10,566
prescriptions of drugs that could interact with imatinib. Imatinib
was mostly prescribed by hospital physicians (74.0%), and drugs
that could interact with imatinib were mostly prescribed by
general practitioners (80.2%) (Table 3).
3.2. PharmacoVigilance database
A total of 25 reports of ADRs with imatinib were recorded in the
Midi-Pyrénées area from the 1st January 2012 to the 31st August
2015. The mean age was 66.6 ± 9.4 years old (range: 48–90) and
there were 13 women (52.0%).
Among the 25 reports of ADRs with imatinib, 10 (40%) had
potential DDIs with imatinib (Table 2). Drugs interacting with
imatinib and identiﬁed in the FPVD were those most frequently
found in SNIIRAM. The most frequently involved drugs were
proton pump inhibitors (7 cases) and levothyroxine (5 cases). All
potential DDIs found in the Midi-Pyrénées PharmacoVigilance.
Database were not involved in the ADRs.

4. Discussion

3. Results

The French health insurance reimbursement database has already
been efﬁciently used in several pharmacoepidemiological studies.[13,14] The use of SNIIRAM has several interests: power and
representativeness as the sample size is large.[13] It also covers
practically the entire population of the Midi-Pyrénées area (even

3.1. SNIIRAM cohort
A sample of 544 patients living in the Midi-Pyrénées area with at
least 1 reimbursement for imatinib between the 1st January 2012
and the 31st August 2015 was extracted from SNIIRAM. Patients
2
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Table 2

Table 3

Distribution of patients according to drugs that could interact with
imatinib in the SNIIRAM cohort and in the FPVD between 2012 and
2015 in the Midi-Pyrénées area.

Distribution of the prescriptions of imatinib and drugs that could
interact with imatinib according to prescribers in the SNIIRAM
cohort between 2012 and 2015 in the Midi-Pyrénées area.

Number of patients
Drugs that could
interact with
imatinib

SNIIRAM
∗
N = 486
n (%)

Paracetamol
Omeprazole
Esomeprazole
Dexamethasone
Levothyroxine
Lansoprazole
Pantoprazole
Amlodipine
Rabeprazole
Alprazolam
Lercanidipine
Atorvastatin
Ketoconazole
Clarithromycin
Fentanyl
Simvastatin
Warfarine
Ranitidine
Nicardipine
Manidipine
Acenocoumarol
Metoprolol
Erythromycin
Telithromycin
Voriconazole
Oxcarbazepine
Phenobarbital
Cimetidine
Dihydroergotamine
Nifedipine
Estazolam
Tacrolimus
Itraconazole
Pozaconazole
Primidone
Carbamazepine
Rifampicine
Other drugs†

376
162
159
115
90
61
60
48
42
37
36
30
25
23
22
18
11
9
8
6
3
3
3
2
2
2
2
2
1
1
1
1
1
1
1
1
1
0

(77.4)
(33.3)
(32.7)
(23.7)
(18.5)
(12.6)
(12.3)
(9.9)
(8.6)
(7.6)
(7.4)
(6.2)
(5.1)
(4.7)
(4.5)
(3.7)
(2.3)
(1.9)
(1.6)
(1.2)
(0.6)
(0.6)
(0.6)
(0.4)
(0.4)
(0.4)
(0.4)
(0.4)
(0.2)
(0.2)
(0.2)
(0.2)
(0.2)
(0.2)
(0.2)
(0.2)
(0.2)
(0.0)

FPVD
∗
N = 10
n
1
2
3
1
5
2
1
1
2
1

Increase ↑
or decrease ↓ of
drug exposure
↑
↓
↓
↓
↓
↓
↓
↑
↓
↑
↑
↑
↑
↑
↑
↑
↑
↓
↑
↑
↑
↑
↑
↑
↑
↓
↓
↓
↑
↑
↑
↑
↑
↑
↓
↓
↓

Prescribers
Hospital Physicians

Paracetamol
Imatinib
Imatinib
Imatinib
Levothyroxine
Imatinib
Imatinib
Amlodipine
Imatinib
Alprazolam
Lercanidipine
Atorvastatin
Imatinib
Imatinib
Fentanyl
Simvastatin
Warfarine
Imatinib
Nicardipine
Manidipine
Acenocoumarol
Metoprolol
Imatinib
Imatinib
Imatinib
Imatinib
Imatinib
Imatinib
Dihydroergotamine
Nifedipine
Estazolam
Tacrolimus
Imatinib
Imatinib
Imatinib
Imatinib
Imatinib

Imatinib
N = 13,418
n (%)

Drugs that could
interact with imatinib
N = 10,566 n (%)

994 (7.4)
9,928 (74.0)
2,496 (18.6)

8,476 (80.2)
1,129 (10.7)
961 (9.1)

SNIIRAM = Système National d’Information Inter-Régimes de l’Assurance Maladie.

reimbursement data have been found to be highly correlated
with drug consumption, especially for chronically used drugs.[16]
In addition, we described “potential” DDIs because we did not
know if prescribers have taken any precautions to avoid them
(measurement of plasma levels, dose adjustment, biological
monitoring, and so on).
We showed that up to 89% of patients exposed to imatinib had
potential DDIs with imatinib. This percentage is higher than
those found by Bowlin and colleagues[5] because we investigated
all DDIs with imatinib and not only DDIs that could potentially
diminish the efﬁcacy or raise the toxicity level of imatinib (43%
and 68% respectively). However, we did not exhaustively
study all drugs that could interact with imatinib since we only
studied DDIs reported in the European SmPC of Glivec and in the
National Thesaurus recommended which are clinically relevant.[1,12] For example, we did not study metformin that is
reported to inhibit hOCT1 because the DDI with imatinib has not
been showed in clinical studies.[4] We also did not study DDIs
with CYP1A2 and CYP2C19 inhibitors that are mentioned in the
Food and Drug Administration approved imatinib product label
because they play a minor role in the metabolism of imatinib.[17]
In our study, imatinib was most frequently prescribed by
oncologists and the drugs interacting with imatinib were most
frequently prescribed by general practitioners. These drugs were
mainly paracetamol, proton pump inhibitors, dexamethasone,
and levothyroxine.
Paracetamol could lead to an increase in paracetamol
concentrations.[1]In vitro, imatinib inhibits paracetamol
O-glucuronidation. This inhibition was not observed in vivo
after administration of 400 mg of imatinib plus 1000 mg of
paracetamol. However, higher doses of imatinib and paracetamol have not been studied. A limit of 1300 mg paracetamol per
day has been suggested.[18] Liver function tests might be useful
to monitor during prolonged treatment.[19] During clinical trials,
1 patient regularly taking paracetamol for a fever, died of acute
liver failure 11 days after introduction of imatinib.[20]
Proton pump inhibitors can increase the pH of gastric contents
and delay gastric emptying.[12,21,22] They have also been reported
to antagonize ATP-binding-cassette transporters, for which
imatinib is a known substrate.[23,24] These effects could inﬂuence
imatinib pharmacokinetics, possibly decrease its absorption and
consequently cause imatinib concentrations to fall below
therapeutic concentrations.[25,26] However, Oostendorp et al[3]
have shown that P-glycoprotein has only a modest effect on the
absorption, distribution, metabolism, and excretion of imatinib
in comparison to metabolic elimination. Another study indicated
that the use of omeprazole does not signiﬁcantly affect the
pharmacokinetics of imatinib.[27]
Dexamethasone is a potent inducer of CYP3A4 and can
signiﬁcantly reduce exposure to imatinib.[1] The SmPC of

FPVD = French PharmacoVigilance Database, SNIIRAM = Système National d’Information InterRégimes de l’Assurance Maladie.
∗
One patient could have been exposed to 1 or more drugs that could interact with imatinib. The total
number of potential DDIS was 1366 for SNIIRAM and 19 for Pharmacovigilance Database.
†
Other drugs: pimozide, sirolimus, ergotamine, bortezomib, quinidine, felodipine, isradipine,
lacidipine, nimodipine, nitrendipine (drug concentrations that could be increased by imatinib); indinavir,
lopinavir, ritonavir, saquinavir, telaprevir, nelﬁnavir, boceprevir (drugs that could increase imatinib
concentration); phenytoin, famotidine, nizatidine (drugs that could decrease imatinib concentration).

those whose income is insufﬁcient to pay for their own
medication). Although prescription claims data, such as
SNIIRAM, is considered by many to be the gold standard for
measuring drug exposure, it has some limitations.[15] SNIIRAM
does not record drugs not reimbursed, delivered during
hospitalization (e.g., docetaxel, alfentanil, midazolam) or sold
over-the-counter (e.g., St. John’s wort). Therefore, there is
the possibility of underestimating the number of drugs taken by
the patients in our study. Conversely, there might be an
overestimating factor as we are not sure that the patients
included in the study really took the prescribed drugs. However,
3
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imatinib, therefore, reasonably recommends caution and suggests
that concurrent use with dexamethasone should be avoided.
However, we did not ﬁnd any published case report of DDI with
imatinib and dexamethasone.
Hypothyroidism is known in patients treated with imatinib
plus levothyroxine.[1] The suspected mechanisms responsible for
this phenomenon are an induction by imatinib of nondeiodination clearance or induction by imatinib of uridine diphosphateglucuronyl transferases.[28,29] A 2-fold increase in levothyroxine
substitution therapy during the initiation of imatinib treatment is
recommended, along with close monitoring of the thyroid
function.[28,29]
We did not identify any report of ADR due to DDI with imatinib
in the Midi-Pyrénées PharmacoVigilance Database. Our study
underwent some unavoidable methodological drawbacks, as do
most pharmacovigilance studies dealing with spontaneous
notiﬁcations. We were unable to exhaustively describe all cases
of ADRs that occurred with imatinib in the Midi-Pyrénées area, but
only those which were reported. This phenomenon, called
underreporting, is an usual and well-known limitation to all
pharmacovigilance surveys.[30] Reporting “serious” or “unlabeled” ADRs to the French regional centers is mandatory for any
drug prescriber, physician, dentist, or midwife in France.[9] Then,
we can suggest that ADRs related to DDIs with imatinib were
mostly “nonserious” or “labeled”’ (listed in the SmPC) and then
not reported to the French pharmacovigilance system. We only
studied DDIs reported in the European SmPC of Glivec and in the
National Thesaurus recommended. Physicians were probably
aware of the DDIs and adjusted the dose of drugs to avoid an ADR.
Moreover, ADRs related to DDIs could not be reported as imatinib
was mostly prescribed by oncologists and drugs that could interact
with imatinib were mostly prescribed by general practitioners.

5. Conclusion
In conclusion, this study suggests that at least 40% of patients
treated with imatinib are at risk of DDIs. According to the results
of the study performed in SNIIRAM, this value may reach 89%.
This paper also allows identifying drugs with the highest rate of
potential DDI with imatinib: paracetamol, proton pump
inhibitors, dexamethasone, or levothyroxine. Recommendations
to potentially avoid ADRs related to DDIs with imatinib are: to
limit the dose of paracetamol at 1300 mg per day, to avoid the use
of dexamethasone and to double the dose of levothyroxine.
Concomitant use of imatinib and proton pump inhibitors is
possible as there is no evidence that DDI inﬂuences imatinib
pharmacokinetics. Oncologists as well as general practitioners
are concerned by DDIs with imatinib.
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