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Therapeutic drug monitoring of docetaxel administered for breast
cancer in a patient receiving rifampicin and clarithromycin
to treat nontuberculous mycobacteriosis: A case report
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Abstract. Docetaxel is metabolized by cytochrome P450
3A4 (CYP3A4), and is transported by organic anion
transporting peptides (OATPs) and ABCBI, and its
blood concentration is known to affect the risk of some
docetaxel-related adverse drug reactions (ADRs). Thus,
the concomitant use of docetaxel with drugs that inhibit
or induce these transporters or CYP3A4 requires careful
attention. A 58-year-old woman was receiving clarithro-
mycin (400 mg twice daily), rifampicin (450 mg once daily)
and ethambutol (500 mg once daily) for nontuberculous
mycobacteriosis. The patient was diagnosed as having
stage IV HER2-positive breast cancer, which was treated
with a regimen of trastuzumab (8 mg/kg), pertuzumab (first
dose: 840 mg; second dose onward: 420 mg) and docetaxel
(75 mg/m?) every 3 weeks. To predict the risk of serious
drug interactions with rifampicin and clarithromycin,
the blood concentration of docetaxel was analyzed after
administration of the first course. The docetaxel levels
at 22 and 159 h after administration were 36.1 and 6.5 ng/ml,
respectively, which were higher than previously reported
data. In addition, the calculated elimination half-life of
55.7 h was ~3 times longer than previously reported data.
Although the docetaxel level was high, the same dosage was
used in subsequent courses because no serious ADRs were
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observed during the first course of therapy. After 4 months
of chemotherapy, the patient received complete remission.
In conclusion, concomitant use of rifampicin and clarithro-
mycin may increase the blood concentration of docetaxel.

Introduction

Docetaxel is a cytotoxic anticancer drug that promotes and
stabilizes microtubule polymerization and inhibits cell divi-
sion. It is used to treat many types of cancer, including breast,
non-small cell lung, esophageal, and ovarian cancers (1).
Docetaxel is taken up into liver cells by organic anion
transporting peptides (OATP) 1B1 and OATPIB3 and is
metabolized and inactivated mainly by cytochrome P450 3A4
(CYP3A4) (1). Docetaxel and its metabolites in liver cells
are excreted into the bile mainly by ABCBI and ABCC2 (1).
Therefore, concomitant use of drugs that affect the activity of
these transporters or CYP3A4 may pose a significant risk of
affecting the therapeutic effect of docetaxel.

Here, we report a case of breast cancer that was diagnosed
and treated with docetaxel during rifampicin and clarithro-
mycin treatment for nontuberculous mycobacteriosis (NTM).
The recommended treatment for NTM is a combination of
two or three antimicrobial agents selected according to
the species and the susceptibility of the organism (2). The
patient in this case required rifampicin and clarithromycin
combination therapy for NTM and docetaxel, a key drug for
breast cancer. Rifampicin is a CYP3A4 inducer and OATP
inhibitor (3-6), and clarithromycin is a CYP3A4 inhibitor
and ABCBI inhibitor (3,7,8). Drug interactions involving
rifampicin and clarithromycin were expected to cause
unusual pharmacokinetics of docetaxel, which could lead
to unexpected adverse drug reactions (ADRs) or decreased
effectiveness of treatment.

We measured the blood concentration of docetaxel to
ensure the efficacy and safety of docetaxel administra-
tion, and to investigate the effects of rifampicin and
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clarithromycin combination therapy on the pharmacoki-
netics of docetaxel.

Case report

A 58-year-old woman presented to Gunma University Hospital
(Maebashi, Japan) with a mass in the left breast in 2016. She
was 168 cm tall and weighed 52 kg at presentation, and her
only complaint was awareness of the left breast mass. Based
on needle biopsy findings, the patient was diagnosed with
advanced cancer of the left breast (stage IV, scirrhous carci-
noma; estrogen receptor: negative, progesterone receptor:
negative, HER2: 3+). Laboratory values for renal and hepatic
function at admission were all within normal limits: total
bilirubin, 0.9 mg/dl; alanine transaminase, 19 U/l; and serum
creatinine: 0.71 mg/dl. The patient had NTM and had been
taking clarithromycin tablets 200 mg twice daily, rifampicin
capsules 450 mg once daily, and ethambutol tablets 500 mg
once daily for 1 year, as well as famotidine tablets 10 mg twice
daily and loxoprofen tablets 60 mg for pain.

A triweekly regimen of docetaxel, trastuzumab, and
pertuzumab was initiated on an outpatient basis to treat
the breast cancer. The first course consisted of docetaxel
(75 mg/m?), trastuzumab (8 mg/kg), and pertuzumab
(840 mg) on day 1. From the second course, the pertuzumab
dose was reduced to 420 mg according to the planned
regimen. For the first 3 days of each course, 8 mg of dexa-
methasone was administered intravenously for prophylaxis
against nausea. After consultation with the respiratory
physician and breast surgeon, it was decided that clarithro-
mycin tablets, rifampicin capsules, and ethambutol tablets
for the treatment of NTM would be continued during treat-
ment with anticancer agents. Because the effects of drug
interactions involving clarithromycin and rifampicin on the
pharmacokinetics of docetaxel are not known, pegfilgrastim
3.6 mg was administered on day 2 of the first course to
account for the risk of neutropenia. The patient contracted
influenza 7 days after the first dose of docetaxel, so a 7-day
rest period was added after the end of the course. After the
second course, anticancer agents and pegfilgrastim 3.6 mg
were administered as scheduled. Neutropenia was not
observed during the entire treatment course, and there were
no signs of infection, except for the aforementioned infec-
tion with influenza virus and NTM. There were no grade 3
or higher ADRs according to the Common Terminology
Criteria for Adverse Events (Table I) (9), and the cancer
disappeared on imaging after the fourth courses, indicating
a complete response. The patient was then switched to
maintenance therapy with trastuzumab and pertuzumab.
After 5 years of maintenance therapy, there were no signs
of recurrence.

Blood samples were taken 22 h after the first course of
docetaxel administration, and blood levels of docetaxel,
rifampicin, and clarithromycin were measured by ultra
high-performance liquid chromatography-tandem mass
spectrometry (ACQUITY UPLC-Xevo TQ MS). The
blood concentrations of docetaxel at 22 and 159 h after
its administration (i.e., in the elimination phase) were
36.1 and 6.5 ng/ml (Fig. 1), respectively, which are higher
than previously reported (10). The half-life of docetaxel was

Table I. CTCAE grade of ADRs at the start of each course.

ADR (CTCAE grade)

Course Neutropenia® Alopecia Dysgeusia Dysesthesia
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“Severity under pegfilgrastim 3.6 mg administration. ADRs, adverse
drug reactions; CTCAE, Common Terminology Criteria for Adverse
Events (9).
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Figure 1. Blood concentration of docetaxel. The open circles are previously
reported mean blood concentration data for patients who received the same
dose of docetaxel (75 mg/m?) as the patient in this case (10). The closed
circles are the values measured in this case.

calculated to be 55.4 h based on the blood concentration values
at 22 and 159 h using the following formula:

t1/2 = 11'12 X ( T159 = Tzz) / (ln C22 = hl C159)

where T,, and T5, are the times at 22 and 159 h after admin-
istration and C,, and C,s, are the corresponding docetaxel
concentrations. The blood levels of rifampicin and clarithro-
mycin were 0.75 yg/ml and 62 ng/ml, respectively, at 22 h after
docetaxel administration, which was 9 h after oral administra-
tion of rifampicin and clarithromycin (Fig. 2).

Discussion
Although the prevalence of NTM is low at approximately 6

per 100,000, the number of affected patients is reported to be
increasing worldwide (11,12), and there is a possibility of that
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Figure 2. Blood concentrations of (A) rifampicin and (B) clarithromycin. (A) Open triangles are average data previously reported in patients receiving
rifampicin (22). The closed triangle is the measured value in the present case. (B) Open squares are average data previously reported in patients receiving

clarithromycin (22). The closed square is the measured value in the present case.

patients receiving rifampicin and clarithromycin will require
administration of anticancer drugs as in the present case.
Therefore, it is necessary to accumulate more information
regarding the concomitant use of rifampicin and clarithromycin.

The measured blood concentration of docetaxel following
administration of rifampicin and clarithromycin in our patient
was clearly higher than that in typical patients who receive the
same dose of docetaxel. The elimination half-life of docetaxel
was also clearly longer and was calculated from blood concen-
trations at two time points to be 55.7 h, about three times longer
than previously reported values (10). The distribution volume
of docetaxel was 74 1/m? (13), and the patient's body surface
area was calculated to be 1.58 m? using the Du Bois equation.
Assuming that elimination follows a linear one-compartment
model, the clearance of docetaxel was calculated from C22 and
C159 using the following formula, and was found to be 1.45 I/h.

C159=C22 - exp (-kel x t), CL=ke x Vd

The docetaxel clearance in patients (n=40) who received
docetaxel 75 mg/m?, as this patient did, was 30.0+14.2 1/h
(mean + SD) (10). The calculated clearance in this patient
was more than 2 SD lower than the mean value in previously
reported patients, and was considered to be significantly lower
than the clearance in the general patient population.

More than 95% of the total metabolic clearance of docetaxel
(22 1/h/m?) is via hepatic metabolism (13), so its metabolism
may be affected by variations in hepatic clearance. Since the
clearance reduction when docetaxel is combined with ketocon-
azole is reported to be 49% (14) and the CYP3A4 inhibitory
activity of ketoconazole is considered to be 100%, the contri-
bution of CYP3A4 to docetaxel metabolism is considered to
be 49%. Akiyama et al (15) reported that the metabolism of
midazolam, a substrate of CYP3A4, is enhanced in NTM
patients receiving rifampicin and clarithromycin. CYP3A4
induction by rifampicin is due to transcriptional promotion
via activation of the pregnane X receptor, and according to
a report by Hisaka er al (16), it increases the clearance of
midazolam about 8-fold. In contrast, CYP3A4 is inhibited
by clarithromycin via an irreversible reaction that occurs
when an intermediate metabolite of clarithromycin forms a

complex with CYP3A4. This is called mechanism-based inhi-
bition (MBI). Hisaka et al (16) reported that clarithromycin
inhibits the clearance of midazolam to 20% of the original
value. Since docetaxel and midazolam may differ in their
reactivity to various enzymes, a definite answer cannot be
given. However, based on the information about midazolam,
it is possible to envision that the clearance increases about
8-fold due to the increase in the expression level of CYP3A4
caused by the action of rifampicin, but that the activity is
inhibited to 20% of the original value due to MBI by clar-
ithromycin. As a result, it is thought that the contribution of
the increase in expression level by rifampicin is large, and the
activity of CYP3A4 becomes about 1.6-fold larger. Further
basic research is needed to examine this hypothesis. However,
in our patient, factors other than CYP3A4 may have had a
significant influence, since the increase in blood levels cannot
be explained by CYP3A4-mediated drug-drug interactions
alone.

OATPI1B3 and ABCBI are transporters that can affect the
pharmacokinetics of docetaxel. Hu et al (17) reported a 2- to
3-fold increase in the area under the curve (AUC) of docetaxel
by OATP1B knockout (KO) in an in vivo study using mice.
Similarly, Tusuf ez al (18) reported a 3-fold increase in the AUC
of docetaxel in a study using OATP KO mice. Furthermore,
clinical trials have found an increase in the AUC of docetaxel
when sorafenib, an OATPI1BI inhibitor, was combined with
docetaxel (19). When ritonavir, an inhibitor of both CYP3A4
and ABCBI, was concomitantly administered with docetaxel,
the clearance of docetaxel decreased by more than 90% (20).
These results suggest that metabolism by CYP3A4 and transport
by OATP1B3 and ABCBI have a major influence on docetaxel
elimination. Like docetaxel, atorvastatin is a substrate for
OATPs and CYP3A4, and concomitant use of rifampicin
induces CYP3A4. Therefore, considering only the metabolism
by CYP3A4, the AUC of atorvastatin would be expected
to decrease by 80-90% when the two are combined (16).
Clinically, however, the concomitant use of rifampicin
has been reported to increase the AUC of atorvastatin in a
dose-dependent manner, with the increase being as much as
10-fold (4,5). Moreover, although the effects of clarithromycin
on the pharmacokinetics of docetaxel have not been reported,
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a clinical study evaluating the effect of clarithromycin on the
pharmacokinetics of the ABCBI1 substrates dabigatran and
rivaroxaban found that clarithromycin increased the AUC of
both drugs by approximately 2-fold (7). Therefore, a concern
is that, in addition to inhibiting CYP3A4, clarithromycin may
inhibit ABCBI at clinical doses, potentially leading to a large
decrease in docetaxel clearance.

Although the contributions of OATPs and ABCBI to the
hepatic clearance of docetaxel have not been determined, our
findings suggest that the inhibitory effect of rifampicin on
OATPs and that of clarithromycin on ABCBI possibly reduced
hepatic clearance.

Overall, CYP3A4 activity is likely to be elevated in patients
concomitantly receiving rifampicin and clarithromycin. However,
for docetaxel, which is transported by OATPs and ABCBI, the
inhibition of both transporters by rifampicin and clarithromycin
greatly reduces systemic clearance. In the same way that the
metabolism of atorvastatin, a substrate of OATP and 3A4, is
rate-limiting due to hepatic uptake by OATP (21), the rate-limiting
factor for the metabolism of docetaxel is OATP rather than CYP,
and OATP may have a greater influence on clearance. The blood
levels of rifampicin and clarithromycin measured in our patient
were similar to those reported for patients with NTM (22), indi-
cating that her exposure to rifampicin and clarithromycin was
typical NTM patients treated with these drugs.

A limitation of this study is that the metabolic capacity of
docetaxel in this patient was not determined in the absence
of rifampicin and clarithromycin, and the possibility that
the patient's basal metabolic capacity is atypical cannot be
ruled out. The attending physician determined that rifampicin
and clarithromycin could not be discontinued as treatment
for NTM, so all of this patient's docetaxel treatments were
administered with the concomitant use of rifampicin and
clarithromycin. Therefore, it is important to evaluate the
effects of rifampicin and clarithromycin combination therapy
on the pharmacokinetics of docetaxel in a larger number of
similar cases, and basic research data are also needed in order
to support pharmacokinetic studies. Furthermore, the mecha-
nism of this drug-drug interaction could not be understood
from the data in this case. Therefore, in the future, it is hoped
that basic research will be conducted on the pharmacokinetics
of docetaxel when used in combination with rifampicin and
clarithromycin. Specifically, studies are needed to clarify the
differences in the influence of docetaxel as a substrate for
CYP3A4, OATP, and ABCBI depending on the presence or
absence of rifampicin and clarithromycin, and in vivo studies
are needed to comprehensively evaluate these effects.

In conclusion, this case demonstrated that the elimina-
tion of docetaxel is likely to be delayed in cases with blood
concentrations of rifampicin and clarithromycin commonly
seen in the treatment of NTM. In cases of cancer treated with
docetaxel where combination therapy with clarithromycin and
rifampicin is also required, it is desirable to monitor the blood
concentration of docetaxel, given that the blood concentration
of docetaxel in individual patients may vary widely due to
complex drug interactions.
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