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Abstract

Introduction We undertook an analysis of all the reports to
the New Zealand Centre for Adverse Reactions Monitoring
of a roxithromycin/warfarin interaction after two recent
reports described intense rapid warfarin potentiation. The
interaction was first published in 1995. Cytochrome P450
3A4 inhibition has been the proposed mechanism but has
limited biologic plausibility. There are suggestions that the
clinical significance of the interaction may be increased by
severe illness, polypharmacy, renal dysfunction, older age
and increased warfarin sensitivity.

Methods To investigate the potentiating effect of warfarin
on roxithromycin in this New Zealand case series, the
reports were reviewed to identify patients at risk, compare
the reporting pattern with published Australian data and
evaluate the appropriateness of current prescribing advice.
Results Thirty patient reports were identified. The age range
was 23-88 years, mean 66.8, median 73.0 (standard deviation
17.7) and the international normalised ratios after rox-
ithromycin commencement ranged from 3.6 to 16.7 (mean 7.6,
median 7.6, standard deviation 3.6). For eight patients with
measurements on day 3, international normalised ratios were
4.3-16.7 (mean 10.4, median 8.8, standard deviation 4.4). Four
patients had serious haemorrhage. Indications for rox-
ithromycin were a range of respiratory tract infections. Anti-
coagulation was stable for most patients prior to acute infection.
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Serious infection occurred in 54.5% (12 of 22 patients with
information). Polypharmacy (five or more medicines daily) was
used by 36.7% of patients long term, increasing acutely to
83.3%, including additional potentially interacting medicines.
Warfarin daily dose (1.5-13.0 mg, mean 4.4, median 4.0,
standard deviation 2.2) was moderate to low. Pre-rox-
ithromycin international normalised ratio values ranged from
1.4t0 3.7, mean and median 2.5, standard deviation 0.5. A high
proportion of interactions were observed between warfarin and
roxithromycin compared with other macrolides and compared
with cytochrome P450 3 A4-related macrolide interactions. The
pattern was similar to published Australian data.

Conclusion In this case series, the high prevalence of acute
polypharmacy, including potentially interacting medicines,
and serious infection suggests that they may have con-
tributed to warfarin potentiation and increased the clinical
significance of a roxithromycin/warfarin interaction.

Key Points

In this study of a clinically important interaction
observed between roxithromycin and warfarin in
patients predominantly aged over 65 years, there was
a high prevalence of acute polypharmacy and serious
infection

Despite previous assumptions, inhibition of the
cytochrome P450 enzyme is unlikely to explain the
rapid and intense potentiation of warfarin observed

The findings support international normalised ratio
measurement within 3 days when roxithromycin is
added to warfarin and limiting roxithromycin in
patients taking warfarin to infections for which
macrolides are first choice.
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1 Introduction

Roxithromycin is a macrolide antibiotic with an
antibacterial spectrum of activity similar to that of ery-
thromycin but with a longer half-life, which allows for
twice-daily dosing [1]. When roxithromycin became
available, erythromycin was already known to interact
with warfarin but a small study of healthy volunteers had
not demonstrated an interaction between roxithromycin
and warfarin [2]. Since then, roxithromycin has not been
well represented in studies of warfarin interactions with
antibiotics. However, evidence for an interaction was
first published in 1995 as a case series from New
Zealand and Australia [3]. Reporters were aware of the
interaction between erythromycin and warfarin and
shared their concern that roxithromycin appeared to be
interacting similarly.

Erythromycin is known to be a potent cytochrome P450
(CYP)3A4 inhibitor and roxithromycin a weak inhibitor
[4]. Tt was assumed that roxithromycin is therefore less
likely to interact with warfarin [3]. However, only (R)-
warfarin, the less active enantiomer, is a substrate for
CYP3A4, thus inhibition of its metabolism by this mech-
anism appears an unlikely explanation for rapid intense
warfarin potentiation with roxithromycin observed in
ongoing reports to the New Zealand Centre for Adverse
Reactions Monitoring (CARM) since the 1995 publication.
For example, two recent reports describe international
normalised ratios (INRs) of 16.1 and 8.4 observed as early
as day 3 and 4 after roxithromycin was added to warfarin
treatment [5, 6]. In support of these observations, in 2015,
an Australian study identified 72 anticoagulated elderly
patients who required vitamin K administration because of
INR values>10. Five of these had taken roxithromycin
with warfarin [7].

It has been suggested that the interaction may be more
clinically significant with polypharmacy, severe illness,
renal dysfunction, and in those who are elderly or
otherwise at risk of increased warfarin sensitivity
[3, 7, 8]. Patients taking low doses of warfarin may be
most at risk as clearance is already low [9]. Infection,
antibiotic use in general and high target INR values have
been shown to potentiate warfarin activity in some
studies [10, 11].

The origins of recent reports for roxithromycin in
VigiBase, the World Health Organization Global Data-
base for Individual Case Safety Reports [12], indicate
that it is used in Australia, New Zealand, Asia, including
China and India, and parts of Europe. It is not marketed
in the UK or USA, which may, in part, explain why it is
not well represented in studies of antibiotic interactions
with warfarin. Development of prescribing advice is
challenging because of the paucity of information about
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the mechanisms and risk factors for the interaction.
There is also limited information regarding whether
roxithromycin differs from other macrolides with regard
to intensity and frequency of the interaction or how
macrolides compare with other antibiotics.

We present an analysis of a case series of 30 reports of
an interaction between warfarin and roxithromycin, a
macrolide antibiotic. They represent all the reports sub-
mitted to CARM for this interaction from when the first
report was received in 1992 until December 2015. In the
absence of formal studies, the objective of this study was to
analyse all reports of an interaction between warfarin and
roxithromycin submitted to CARM to identify patients at
risk, compare the reporting pattern with published Aus-
tralian data [13] and evaluate the appropriateness of current
prescribing advice.

2 Methods

All reports of an interaction between warfarin and rox-
ithromycin submitted to CARM until December 2015 were
reviewed for patient demographics, therapeutic indications,
co-morbidities, concomitant medicines and warfarin dose.
Warfarin duration and INR values prior to roxithromycin
were reviewed to assess anticoagulant stability. Because
infection decreases warfarin requirements, we attempted to
identify patients with serious infection. Patients with
pneumonia and those hospitalised for infection were con-
sidered to have serious infection. Concomitant medicines
that were listed in Stockley’s Interaction Alerts as requiring
increased INR monitoring or consideration of increased
monitoring if they were prescribed with warfarin were
noted [9]. They were considered potentially interacting in
the case series unless their use was described as “long
term” or exceeded 2 months.

The minimum number of medicines used to define
‘polypharmacy’ generally ranges from 5 to 10 [14].
Polypharmacy was defined as five or more medicines daily
in this study. Patients whose warfarin use was 2 months or
more, or was described as “long term”, were considered
long-term users. The characteristics of patients with an INR
value >8, a cut-off point for vitamin K treatment [15],
were also considered separately. Statistical analysis
between groups was not conducted because of small
numbers.

To consider the potential mechanism, the frequency of
reporting of a roxithromycin interaction with warfarin was
compared with CYP3A4-related roxithromycin interactions
and corresponding interactions for all macrolides in the
CARM database. A comparison was made with published
Australian pharmacovigilance data [13].
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Fig. 1 International normalised 18
ratio (INR) value by day after °
roxithromycin added to warfarin 16
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trimoxazole. A further five patients took short-term
cefuroxime, amoxicillin or amoxicillin clavulanate only.
The effect of these is uncertain as relevant interactions
seem very rare [9].

3.3 Polypharmacy

A high percentage of patients (83.3%) were taking five or
more medicines when the INR increased after rox-
ithromycin was added to warfarin. However, prior long-
term polypharmacy was considerably less at 36.7%.
Patients were prescribed between one and four additional
medicines around the time roxithromycin was commenced.
The majority of the medicines were oral prescription
medicines. Five medicines were inhaled bronchodilators or
corticosteroids (3), a mineral supplement and a vitamin
supplement but the patients taking these were also taking at
least five oral prescription medicines.

3.4 Serious Infection

The indications for roxithromycin were upper and lower
respiratory infections. Because of limited information,
seriousness of infection could only be assessed for 23 of
the patients but 14 (60.9%) had serious infection as indi-
cated by a diagnosis of pneumonia and/or hospital admis-
sion. Consequently, at least 47% of the 30 patients in the
case series had serious infection.

3.5 Acute Co-morbidities
Only one patient was reported to have another acute illness,
acute cardiac failure, in addition to the indication for rox-

ithromycin. No patients were reported to be in renal or
hepatic failure.
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Day after starting Roxithromycin

3.6 Warfarin Sensitivity

The daily warfarin dose was 1.5-13.0 mg (mean 4.4, median
4.0, SD 2.2). Joffe et al. [16] classified daily warfarin doses as
low < 2 mg, moderate, 4-6 mg, and high > 10 mg. The
mean daily dose in our case series therefore appears moderate
tolow. One patient was taking < 2 mgandone > 10 mg. The
lower doses would have been influenced by age because the
mean daily dose for patients aged > 75 years was 3.2 mg
compared with 5.2 mg for patients aged <75 years. There
was no suggestion that the patients were a group particularly
sensitive to warfarin before the onset of a respiratory infection
and treatment with roxithromycin.

3.7 Clinical Profiles

Approximately two-thirds of patients (19/30) had serious
infection, acute co-morbidities or took interacting medici-
nes or combinations of these. Of the remaining 11 patients,
five had insufficient information and six had no obvious
contributors to increased INRs apart from roxithromycin.

3.8 Subgroup Observations

Seven patients had INR values>8.0 measured within
3 days of roxithromycin treatment. The number of patients
was small for comparison but there was evidence of a trend
towards a greater prevalence of serious infection in the
rapid-onset high-INR group, 4/5 (80.0%), compared with
12/22 (54.5%) in the whole cohort, the denominators being
the number of patients with information about infection.

3.9 Individual Case Reports

It could be argued that some of the reports provide alter-
native explanations to roxithromycin for the warfarin
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Table 2 Interactions with macrolides in reports to the New Zealand Centre for Adverse Reactions Monitoring (CARM) and the Australian

Adverse Drug Reactions Advisory Committee (ADRAC) [13]

Drug Interacting No, of interaction reports,  No. of interaction reports, Total reports for Total reports for
drug CARM 1992-2015 ADRAC 1995-2004 macrolides, CARM macrolides, ADRAC

Warfarin Roxithromycin 30 53 270 737
Clarithromycin 0 7 53 193
Erythromycin 4 6 777 597
Azithromycin 0 4 43 111

Anticonvulsants Roxithromycin 0 5 270 737
Erythromycin 4 3 7 597
Clarithromycin =~ 0 2 53 193

Statins Roxithromycin 3 5 270 737
Erythromycin 14 4 777 597
Clarithromycin 0 2 53 193

potentiation. Two patients had INR values of 16.6 and 7.0
on the day after roxithromycin was commenced. Both had
received tramadol the day prior to roxithromycin, one with
high-dose prednisone and cefuroxime and the other with
gentamicin, suggesting serious infection. In these case
reports, the relative contribution of each medicine and
clinical condition is unclear. However, other reports do
suggest that roxithromycin was an important contributor. A
63-year old patient had an INR of 16.1 on day 3 of rox-
ithromycin treatment with no other apparent contributing
factors. A patient aged 25 years with rheumatic heart dis-
ease developed pneumonia with an INR increase from 2.2
to 3.7. She was treated with roxithromycin and after 3 days
her INR was 13.2. One reporter indicated that their patient
had recurrent infective exacerbations of chronic obstructive
pulmonary disease but these had never resulted in an
increased INR until the most recent episode when the
patient was treated with roxithromycin.

4 Roxithromycin and Other Macrolide
Interactions in New Zealand and Australia

Table 2 shows the profile of the most frequently reported
interactions with macrolides from the New Zealand CARM
and published by the Australian Adverse Drug Reactions
Advisory Committee [13], revealing a marked similarity
between the two countries. There is prominent reporting of
a roxithromycin/warfarin interaction compared with other
macrolides and warfarin and compared with other rox-
ithromycin interactions. Of the reports for roxithromycin in
the Australian database, more than 10% were for interac-
tions, predominantly with warfarin. With regard to the
interactions with anticonvulsants and statins which are
CYP3A4 dependent, the Australian Adverse Drug

Reactions Advisory Committee concluded that the mech-
anism for the interaction between roxithromycin and war-
farin probably did not involve CYP3A4.

5 Discussion

The case series described here identified a pattern of
patients with predominantly stable warfarin anticoagula-
tion who developed an acute infection, often serious, and/
or were treated with several medicines, some potentially
interacting, including roxithromycin, before marked war-
farin potentiation occurred. The warfarin dose suggests that
some patients had increased warfarin sensitivity and this
may have been influenced by older age. However, younger
patients were also affected with seven (23.3%)
aged <65 years. Polypharmacy (five or more daily
medicines) increased around the time of roxithromycin
prescription to over 80% but less than 40% of patients were
exposed to long-term polypharmacy. There was no evi-
dence that renal or hepatic dysfunction, multiple co-mor-
bidities, high target INR values or low warfarin doses were
important contributors. At least six of the 30 patients (20%)
had no apparent reason for the increased INR except rox-
ithromycin and non-serious infection. Limitations are lack
of information on adherence, which may be affected by
acute infection, and incomplete data on time within the
therapeutic range prior to roxithromycin treatment.

The reported patterns of roxithromycin interactions in
the New Zealand and Australian pharmacovigilance data-
bases (Table 2) do not add to our knowledge about the
mechanism, although they suggest that CYP3A4 inhibition
is unlikely to be the mechanism. This is in keeping with
in vitro studies demonstrating only weak inhibition of (R)-
warfarin-7-hydroxylation =~ by  roxithromycin  using
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recombinant CYP3A4. The same studies did not show any
inhibition of (R)- and (S)-warfarin 7-hydroxylation by
roxithromycin using recombinant CYP2C9 [4], which has
been proposed as an alternative pharmacokinetic explana-
tion [13].

Prescribing advice is difficult to formulate for warfarin
and roxithromycin and, indeed, for other macrolides and
antibiotics where there is limited information about the
frequency and clinical significance of the interaction and the
conditions for which they are indicated are likely to affect
anticoagulation. The 2012 American College of Chest
Physicians’ publication of evidence-based clinical practice
guidelines for the management of anticoagulant therapy
commented that data addressing interactions between
antibiotics and warfarin from multiple large database studies
presented a somewhat confusing picture. The authors con-
sidered that there were sufficient studies to suggest an
increased risk with co-trimoxazole, which inhibits CYP2C9,
and quinolones but other groups implicated had been
insufficiently studied [17]. Since then, two ambulatory care
studies, one for patients with acute upper respiratory tract
infection, found that 3.8 and 16% of patients developed INR
values of > 5.0 and >4.0, respectively when the macrolide,
azithromycin, was added to warfarin treatment [18, 19]. This
places azithromycin at an intermediate-risk level along with
other antibiotics that appear to potentiate warfarin without
interacting at a pharmacokinetic level. The patients in these
studies are representative of the patients who were not
seriously ill in our case series for roxithromycin. For another
macrolide, they provide a baseline frequency for patients
likely to experience an interaction, which may well increase
when more unwell patients are treated.

Cautions about combined roxithromycin and warfarin use
are only partly consistent. The interaction appears in product
information we obtained from four countries [20-24], with
advice to monitor, though not at any specific time. In the
Swedish Summary of Product Characteristics [21], the
combination is not recommended and one sponsor in New
Zealand includes it in the Special Warnings and Precautions
section. [22] In the remaining Summaries of Product Char-
acteristics, it only appears under Interactions. The Interac-
tion sections in all the countries commence with a comment
about the lower affinity of roxithromycin for CYP than
erythromycin and this may lead prescribers to consider
roxithromycin a safer option for patients taking warfarin.

Baillargeon et al. based on the assumption that antibiotic
interactions with warfarin are due to CYP inhibition or
alteration in vitamin-K producing intestinal flora leading to
an increased INR and hence increased bleeding within a 1-
to 2-week period, recommended monitoring the INR
1 week after initiating antibiotic therapy or more fre-
quently for patients at a higher risk of bleeding. [19]
However, after considering case reports, the New Zealand
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medicines regulator, Medsafe, recommended that the INR
should be measured on day 3 after macrolides are added to
warfarin treatment. [25] This is in keeping with Stockley’s
Medicine Interaction Alerts [9], which recommends mea-
surement within 3 days for antibiotics with some evidence
of an interaction. It is likely, from the evidence in our case
series, that this advice has prevented haemorrhage by
avoiding prolonged intense warfarin potentiation, espe-
cially in patients susceptible to bleeding such as the
elderly. The high INR values obtained on days 1-3 of
roxithromycin treatment in our case series also make it
clear that the clinical practice of measuring the INR daily
in seriously ill patients is crucial.

There appears to have been less discussion about min-
imising potential harm by considering the indications for
roxithromycin. It is approved for a wide range of upper and
lower respiratory tract infections and a small number of
other infections. The indications in our case series were a
range of respiratory infections. In response to the Aus-
tralian study of elderly patients presenting for vitamin K
administration [7], Thompson commented on the wide use
of roxithromycin in Australia beyond national guidelines
[26]. In the 2017 New Zealand antibiotic guideline for
respiratory infection [27], macrolides are first-choice
antibiotics only for atypical pneumonia, pertussis infection
and, if penicillin allergic, other pneumonias and group A
haemolytic streptococcal pharyngitis. It would be appro-
priate to limit prescribing of roxithromycin for patients
taking warfarin to infections that local guidelines indicate
are most appropriately treated with macrolides. This would
avoid unnecessary risk in patients who may well respond to
antibiotics less likely to interact, in particular those with
conditions such as exacerbations of chronic obstructive
pulmonary disease where potentially interacting high-dose
corticosteroids are also prescribed.

Currently, the advice applies equally to the macrolides.
There is reasonable evidence for erythromycin and azi-
thromycin. However, there is less evidence for clar-
ithromycin [6]. More study is needed to evaluate the effect
of individual macrolides on the activity of warfarin and the
wider group of vitamin K antagonists. Large observational
studies have provided little information about individual
macrolides. Case reports in VigiBase, if followed up for
detail as in this case series, could be a useful source of
information despite the uneven nature of individual case
safety reporting.

6 Conclusion
The case series is characterised by a high prevalence of

polypharmacy and serious infection. Acute anticoagulation
destabilisation with severe infection and additional
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interacting medicines may therefore have increased the
clinical significance of a roxithromycin/warfarin interac-
tion. Warfarin sensitivity may have contributed influenced
by older age. There was no evidence that renal dysfunction,
multiple co-morbidities and a high target INR contributed.
The findings reinforce the low likelihood that the interac-
tion is CYP3A4 mediated. The challenge of developing
prescribing advice for antibiotic use with warfarin is noted.
Advice to measure the INR within 3 days after starting
roxithromycin treatment is reinforced and should be pro-
moted. It is suggested that the risk of harm could be further
minimised by limiting prescribing of roxithromycin for
patients taking warfarin to infections for which macrolide
antibiotics are first choice.
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