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Chronic lymphocytic leukaemia and ibrutinib

The management of chronic lymphocytic leukaemia (CLL)
has been revolutionised over the last several years by the
introduction of targeted inhibitors of the B-cell receptor sig-
nal and BCL2 pathways. Ibrutinib is the first in class covalent
inhibitor of the Bruton Tyrosine Kinase (BTK) molecule,
which it binds irreversibly at the BTK cysteine-481 ATP-
binding site and inhibits phosphorylation of down-stream
PLC-y2, and B-cell receptor signalling (Byrd et al, 2013).
Ibrutinib has been shown to improve progression free and
overall survival in relapsed and refractory (R/R) CLL com-
pared to ofatumumab (Byrd et al, 2014), and the combina-
tion of ibrutinib with bendamustine and rituximab (BR) is
superior to BR (Chanan-Khan et al, 2016). Patients with R/R
CLL therefore represent a high level of previously unmet
need in CLL as they now achieve markedly superior out-
comes than before ibrutinib was available. Sustained dose
adherence may be important in maintaining response and
optimal outcomes and avoiding the emergence of resistant
clones (Jaeger et al, 2015). R/R CLL patients who are unable
to tolerate ibrutinib have poor clinical outcomes and survival
(Jain et al, 2015). More recently, ibrutinib has been com-
pared to chlorambucil monotherapy in front-line CLL in
patients deemed inappropriate for fludarabine-based therapy
due to either comorbidity or advanced age. The results sig-
nificantly favoured ibrutinib (Burger et al, 2015). Ibrutinib is
now approved for relapsed and also front-line CLL therapy
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in the USA, and is therefore finding widespread use in CLL
and other low-grade lymphoproliferative disorders.

Ibrutinib and atrial fibrillation

An unexpected adverse event that has emerged with ibrutinib
is the occurrence of atrial fibrillation (AF). This occurred in
5-7.7% of patients on the initial three large randomised
studies in CLL (Byrd et al, 2014; Burger et al, 2015; Chanan-
Khan et al, 2016). A similar rate has been seen with ibrutinib
in mantle cell lymphoma (MCL) (Dreyling et al, 2016; Lee
et al, 2016) and Waldenstrom macroglobulinaemia (WM)
(Treon et al, 2015; Gustine et al, 2016). A recent pooled
meta-analysis of published data found the AF risk with ibru-
tinib is approximately four-fold higher than the comparator
arms in published studies (Leong et al, 2016). A recent trial
cohort in Bethesda had an incidence of 16% (14/85 patients)
with follow-up of up to 26 months (Farooqui et al, 2015),
most of whom (11/14 patients) were aged >65 years. In a
report on ibrutinib-related AF in MCL, the cumulative inci-
dence of AF at 6 months, 1 year and 2 years was 5.6%, 7.2%
and 14.2% respectively (Lee et al, 2016). Hence, the risk of
AF appears to be mainly early, but with a continuing risk
with ongoing therapy. In this issue, Thompson and collea-
gues describe the clinical consequences of AF in CLL patients
treated with ibrutinib and highlight the complexities of man-
agement in this setting (Thompson et al, 2016).

Ibrutinib and bleeding risk

Since the introduction of ibrutinib, a bleeding risk with the
drug has been recognised (Lipsky et al, 2015). Ibrutinib
induces a mild to moderate platelet function defect in
approximately half of treated patients, usually presenting as
cutaneous bruising or minor bleeding (Levade et al, 2014;
Bye et al, 2015; Kamel et al, 2015; Alberelli et al, 2016). In
most trials, the frequency of grade 3 or 4 bleeding events has
been low at c. 3-4%. The antiplatelet effect of ibrutinib
appears to vary among patients, but is exacerbated by other
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medications (particularly aspirin, clopidogrel, non-steroidal
anti-inflammatory drugs) and dietary supplements that affect
platelet function. The utility of platelet function testing for
patients on ibrutinib has not been established, but platelet
aggregation responses to collagen (Kamel et al, 2015; Lipsky
et al, 2015) and ristocetin are primarily affected (Kazianka
et al, 2015). These acquired defects are consistent with an
on-target inhibition of BTK signalling downstream from
both the platelet collagen receptor glycoprotein (GP)VI, and
the von Willebrand factor receptor, GPIb-V-IX (Quek et al,
1998; Bye et al, 2015; Rigg et al, 2016). However, routine
platelet function studies in CLL patients may be confounded
by thrombocytopenia and acquired platelet function defects
reported in some CLL patients prior to the commencement
of ibrutinib (Levade et al, 2014; Lipsky et al, 2015, 2016;
Tam & Kamel, 2016).

Ibrutinib and hypertension

An increased incidence of hypertension of 3.5% has been
observed in one major ibrutinib trial (Chanan-Khan et al,
2016) and 20% and 23% grade 3/4 hypertension at the 3-
year follow-up in R/R and treatment-naive patients, respec-
tively (Byrd et al 2015). This is an additional risk factor for
AF and should therefore be treated to minimize the contri-
bution of this risk factor for AF.

Ibrutinib and drug interactions

Ibrutinib is metabolized by CYP3A4/5 and, to a lesser extent.
CYP2D6, both members of the cytochrome P450 oxidizing
enzyme superfamily (Scheers et al, 2015) (de Jong et al, 2015)
(Lambert Kuhn et al, 2016; de Zwart et al, 2016). Therefore,
the use of ibrutinib with CYP3A4 inhibitors, such as the mod-
erate inhibitors diltiazem and verapamil that are commonly
used for rate control in AF, can increase the patient’s exposure
to ibrutinib. There are also potential interactions with P-glyco-
protein (https://www.janssenmd.com/pdf/imbruvica/PI-
Imbruvica.pdf 05/2016). Ibrutinib inhibits P-glycoprotein and
thus may increase exposure to P-glycoprotein substrates, many
of which are used in the treatment of AF, such as digoxin,
dabigatran and, to a lesser extent, apixaban and rivaroxaban. A
recent assessment of 96 patients at the Mayo Clinic showed
that two-thirds of CLL patients had potentially significant drug
interaction at the time of commencing ibrutinib, and another
8% an ibrutinib dose-modifying interaction during the course
of treatment (Finnes et al, 2015).

Drug interactions also include drug-disease interactions,
where treatment of one condition may exacerbate another. In
geriatric therapeutics, this is called ‘therapeutic competition’
and the risks and benefits on global health outcomes relevant
to the patient are central to deciding whether to treat
(Lorgunpai et al, 2014). Treatment of AF caused by ibrutinib
can also be considered a prescribing cascade, which is the
use of drugs to treat the side effects of other drugs and
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generally causes more harm than good due to cumulative
side effects in older adults (Rochon & Gurwitz, 1997).
Elderly patients, including patients with CLL, are commonly
at risk of polypharmacy with a high prevalence of multi-
morbidity, and ongoing vigilance needs to be maintained in
these patients to ensure that overall risk does not outweigh
benefit (Hilmer et al, 2012; Scott et al, 2015).

Atrial fibrillation

Atrial fibrillation is the most common sustained cardiac
arrhythmia. It results in a fast and irregular heart rhythm
and occurs in 1-2% of the general population. The risk
increases with age with an incidence of <0.5% at age 40—
50 years rising to 5-15% at age 80 years. Adults over
40 years have a 25% lifetime risk of developing AF. The
causes are either cardiovascular (hypertension, heart failure,
ischaemic heart disease and rheumatic valvular disease) or
non-cardiovascular (such as sepsis and obstructive sleep
apnoea) (Lip et al, 2016). AF is thought to require a ‘trigger’
for initiation in a cardiac ‘vulnerable substrate’ to maintain
the arrhythmia (Lip et al, 2016). AF may be paroxysmal (self
terminates <7 days), persistent (>7 days), long-standing per-
sistent (>1 year) or permanent, and it typically becomes
more persistent and resistant to rhythm control over time.
Management may focus on rhythm control if AF is paroxys-
mal, but particularly on rate control for symptomatic tachy-
cardia. The management of AF and its complications has
been the subject of numerous large-scale clinical trials and
extensive guidelines for management and is well beyond the
scope of an editorial (Camm et al, 2010; January et al, 2014)
(Lip et al, 2016) (Kirchhof et al, 2016).

Complications of AF

Atrial fibrillation is associated with a significant increase in
morbidity and mortality, impaired quality of life, and more
frequent admission to hospital. There is a five-fold increase
in stroke, a threefold increase in heart failure, and a twofold
increase in mortality. The stroke risk is increased whether
the AF is persistent or intermittent.

Current cardiology guidelines do not recommend antipla-
telet drugs for stroke prevention in AF (Camm et al, 2012).
Given this, and the known anti-platelet effect of ibrutinib,
there is probably no role for adding aspirin or clopidogrel to
ibrutinib-treated CLL patients. The CHA,DS,-VASc [Conges-
tive heart failure/left ventricular dysfunction, Hypertension,
Age >75 (doubled), Diabetes, Stroke (doubled) — Vascular
disease, Age 65-74 years, and Sex category (female)] score
can be used to identify the small number of truly ‘low risk’
community AF patients (c. 5%) who do not require antico-
agulation; typically young patients, with lone AF and no risk
factors (Camm et al, 2012). The vast majority of CLL
patients with AF on ibrutinib will probably have a
CHA,DS,-VASc score of at least 1 and therefore warrant
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anticoagulation. European Society of Cardiology (ESC)
guidelines (Camm et al, 2012) recommend anticoagulation
with well-controlled warfarin or a non-vitamin-K oral anti-
coagulant (NOAC) for CHA,DS,-VASc score of 1 or more,
irrespective of gender. As the median age of CLL exceeds
70 years, as will that of most patients with CLL with AF on
ibrutinib, then the CHA,DS,-VASc score is likely to be less
discriminating as an evaluation tool for most CLL patients.

The combination of ibrutinib and warfarin anticoagulants
have been avoided to date due to bleeding risk concerns.
The use of warfarin or vitamin K antagonists is a relative
or absolute contraindication for ibrutinib use in clinical tri-
als and early access settings. In the setting of AF however,
the ongoing stroke risk justifies a reassessment of this posi-
tion. The large AF trials [particularly RELY (Connolly et al,
2009) and ARISTOTLE (Granger et al, 2011)] showed that
reduced doses of the direct thrombin inhibitor, dabigatran
(110 mg bd), or the factor Xa inhibitor, apixaban (2.5 mg
bd), respectively, offered similar protection against stroke to
warfarin, but with lower bleeding rates than warfarin or
full-dose NOAC (Ruff er al, 2014). However, it was recently
shown that the safety advantage of apixaban over warfarin
in the ARISTOTLE trial was significantly attenuated in par-
ticipants with polypharmacy, which is likely to be highly
prevalent in those treated for CLL and AF (Jaspers Focks
et al, 2016). The addition of low-dose aspirin (100 mg) to
NOACs was also permitted in these trials, with only a small
increase in bleeding. If the antiplatelet effect of ibrutinib is
similar to that of aspirin, these trial data suggest that com-
bining ibrutinib with reduced dose NOAC may be a thera-
peutic strategy for CLL patients with concomitant AF.
These combinations will need to be evaluated prospectively
for safety in cohorts of CLL patients. From a clinical phar-
macology perspective, in CLL patients with multiple inter-
acting drugs that change over time, it could be argued that
close monitoring and dose adjustment of warfarin within a
tightly controlled window (e.g. International Normalized
Ratio 2.0-2.5) might be preferred over NOACs. However,
NOAC reversal agents are becoming available to mitigate
some bleeding risk concerns (Pollack et al, 2015; Siegal
et al, 2015). In the present setting in mid-2016, idaru-
cizumab is already widely approved and available, providing
immediate reversal of dabigatran. There are detailed, current
guidelines for NOAC management (Heidbuchel et al, 2016),
and with increasing use and data in the community AF
population that unmonitored NOAC therapy appears com-
parable or safer than monitored warfarin (Nishtala ef al,
2016). All these factors suggest that NOACs may be the
longer term preferred option, provided safety could be con-
firmed in the ibrutinib treated patient.

Consequences of AF on ibrutinib

In this issue of the British Journal of Haematology, groups
from MD Anderson, Houston, France and Australia have
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reported the clinical features and consequences of AF in 56
patients on ibrutinib in a retrospective study, the largest ser-
ies reported to date (Thompson et al, 2016). All patients
began on ibrutinib 420 mg/day, most were males (reflective
in part of CLL patients who require therapy) and they had a
median age of 70 years. The cumulative incidence of AF was
8.7% estimated from a subset of patients. Half of the patients
developed AF quite early by 3.8 months, and 75% by 1 year.
All were in sinus rhythm prior to ibrutinib, but 27% had a
prior history of AF. Pre-existing risk factors of hypertension
(64%), impaired left ventricular function (28%) and valvular
dysfunction (25%) were common. Most AF was paroxysmal
(64%), while 30% were continuous despite treatment.
Although 35/56 reverted to sinus rhythm, 10 had recurrence.
AF complications occurred in 4 patients; 3 developed car-
diac failure (1 fatal) and 1 ischaemic stroke, the latter with
‘silent’” AF and not on thromboembolism (TE) prophylaxis.
When TE prophylaxis was used, just under half were
anti-coagulated with either warfarin (n=7) or a NOAC
(n = 15), while 22 received aspirin-based therapy, and 27%
received no stroke prophylaxis. Of concern was the rate of
grade 3/4 bleeding events, at 14%, significantly higher that
previously reported. None of the 15 who bled appeared to
have been anti-coagulated with a NOAC.

The authors highlight well the complex and intercon-
nected management dilemma of CLL disease control, AF rate
and rhythm control, AF complications of cardiac failure and
thromboembolic risk, the need for thromboembolic and
stroke prophylaxis in the setting of ibrutinib-induced platelet
dysfunction, heightened bleeding risk, and an aging patient
population, with many issues further complicated by multi-
ple potential drug interactions. Perhaps not surprisingly,
there was little uniformity of approach despite all patients
being treated in academic medical centres.

It is important to emphasize that these patients were being
treated with ibrutinib for their progressive CLL and 22 of
them ultimately had their ibrutinib therapy stopped due to
AF. Twice as many of the patients who stopped treatment
had disease progression compared to continued treatment at
either full or reduced ibrutinib dose.

Future directions

At present, clinicians should follow the current guidelines in
the Prescriber Information for ibrutinib (https://www.
05/2016),
and the guidelines for the management of AF (Camm et al,

janssenmd.com/pdf/imbruvica/PI-Imbruvica.pdf

2010; January et al, 2014), and expert cardiology advice in
their local institutions and clinical settings.

All patients for whom ibrutinib is planned should have a
12-lead electrocardiogram (ECG) prior to commencement of
therapy. They should have clinical assessment of heart rate
and rhythm at each follow-up, and consideration given to
possible follow-up ECGs at perhaps 3, 6, 12 and 24 months
following commencement to exclude the development of AF
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while on therapy, particularly for those with ‘silent’ AF, for
whom the stroke and thromboembolic risk is just as real as
those that are symptomatic. There should be particular focus
on patients aged 75 years and older who are more at risk of
AF both in the general community and, it would appear
from the available data, the group of patients on ibrutinib
most at risk of developing AF.

Hypertension is a factor for consideration as it is both
increased in incidence on ibrutinib (c¢. 2-3% annually) and
also a risk factor for AF. Blood pressure should be monitored
and optimised for patients on ibrutinib. Electrolytes and thy-
roid function studies should be checked and optimised pre-
treatment as other potential contributing factors to AF risk.

Currently, the Prescriber Information for ibrutinib recom-
mends dose reduction for adverse reactions of grade 3 or
higher. However, in some reports, patients were able to
maintain their dose of ibrutinib (Farooqui et al, 2015), while
in others, a significant number of patients had either dose
reduction or cessation of their ibrutinib, potentially adversely
effecting their CLL-related disease outcomes (Jain et al,
2015); both of these were seen in the present study (Thomp-
son et al, 2016). It would be useful to know if the occurrence
of AF is ibrutinib dose-dependent or an idiosyncratic
response.

In any event, it is important to capture all instances of
AF, whether symptomatic or asymptomatic, as all are associ-
ated with thromboembolic risk. The current recommenda-
tions are based on AF symptom severity and type of therapy
using clinical trial Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0. It is imperative to
record and report all AF grades whether grade 1/2 (‘mild’) or
3/4 (‘severe’) in future trials and reports. The data from the
current study (Thompson et al, 2016) and the Bethesda
group (Farooqui et al, 2015), suggest that dose reduction
may not be necessary, at least once AF rate control is
achieved, which would, in turn, enable patients to achieve
the benefits of continued ibrutinib for their neoplastic disease
control.

Consideration of baseline non-invasive assessment of left
ventricular function and screen for underlying ischaemic
heart disease may be appropriate for some patients prior to
commencing treatment with either a stress echocardiogram
or sestamibi perfusion scan. This would be principally rele-
vant in patients for whom there have been suspicious symp-
toms. If left ventricular dysfunction or significant ischaemia
is identified, then appropriate, optimal medical management
of these conditions should be implemented prior to starting
ibrutinib or as soon as practical. Whether these patients
might benefit from prophylactic treatment with beta-blocker
is one of many questions that need to be addressed. In an
ideal world, a randomised controlled trial to assess whether
this strategy is effective in decreasing the incidence of AF
would be useful.

In the study reported by Thompson et al (2016), AF was
persistent in over 60% of patients despite anti-arrhythmic
drugs and cardio-version and one could argue that if
patient’s symptoms can be controlled medically with a simple
strategy of rate control, such as with simple beta blockers
and/or calcium channel blockers (with consideration of
ibrutinib dose reduction if CYP3A4 inhibitors are used as
described in the product information), then that may
be safer than exposing them to the added risks of pro-
arrhythmia and other non-cardiac toxicities of anti-arrhythmic
drugs, such as flecainide, amiodarone and sotalol.

We endorse the authors’ call for long-term follow-up of
patients who commence on ibrutinib and develop AF so that
systematic assessment and development of guidelines in this
setting can be formulated. With up to 40% of patients dis-
continuing ibrutinib because of AF, and the intimately
related issues of rate control, anticoagulant stroke prophy-
laxis and bleeding risk complicated by multiple drug interac-
tions, there is a clear and pressing need to improve
management of these patients and close cooperation between
haematologists, cardiologists and clinical pharmacologists will
be vital.

References

Alberelli, M.A., Innocenti, I., Sica, S., Laurenti, L.
& De Candia, E. (2016) PO-54 - Clinical and
laboratory characterization of platelet dysfunc-
tion caused by ibrutinib treatment in patients
with chronic lymphocytic leukemia. Thrombosis
Research, 140, S196.

Burger, J. A., Tedeschi, A., Barr, P. M., Robak, T.,
Owen, C., Ghia, P., Bairey, O., Hillmen, P., Bar-
tlett, N. L., Li, J., Simpson, D., Grosicki, S.,
Devereux, S., McCarthy, H., Coutre, S., Quach,
H., Gaidano, G., Maslyak, Z., Stevens, D. A,
Janssens, A., Offner, F., Mayer, J., O’Dwyer, M.,
Hellmann, A., Schuh, A., Siddiqi, T., Polliack,
A., Tam, C. S., Suri, D., Cheng, M., Clow, F,
Styles, L., James, D. F. & Kipps, T. J.; RESO-
NATE-2 Investigators. (2015) Ibrutinib as initial

362

therapy for patients with chronic lymphocytic
leukemia. New England Journal of Medicine 373:
2425-2437.

Bye, A.P., Unsworth, AJ., Vaiyapuri, S., Stainer,
AR., Fry, M.J. & Gibbins, J.M. (2015) Ibrutinib
Inhibits Platelet Integrin alphallbbeta3 Outside-
In Signaling and Thrombus Stability But Not
Adhesion to Collagen. Arteriosclerosis, Thrombo-
sis, and Vascular Biology, 35, 2326-2335.

Byrd, J.C., Furman, R.R., Coutre, S.E., Flinn, LW.,
Burger, J.A., Blum, KA., Grant, B., Sharman,
J.P., Coleman, M., Wierda, W.G., Jones, J.A.,
Zhao, W., Heerema, N.A., Johnson, A.J., Suk-
buntherng, J., Chang, B.Y., Clow, F., Hedrick,
E., Buggy, J.J., James, D.F. & O’Brien, S. (2013)
Targeting BTK with ibrutinib in relapsed
chronic lymphocytic leukemia. New England
Journal of Medicine, 369, 32—42.

Byrd, J.C., Brown, J.R., O’Brien, S., Barrientos,
J.C., Kay, N.E,, Reddy, N.M., Coutre, S., Tam,
C.S., Mulligan, S.P., Jaeger, U., Devereux, S.,
Barr, P.M., Furman, R.R,, Kipps, T.J., Cymbal-
ista, F., Pocock, C., Thornton, P., Caligaris-Cap-
pio, F., Robak, T., Delgado, J., Schuster, S.J.,
Montillo, M., Schuh, A., de Vos, S., Gill, D,
Bloor, A., Dearden, C., Moreno, C., Jones, J.J.,
Chu, A.D., Fardis, M., McGreivy, J., Clow, F.,
James, D.F., Hillmen, P. & Investigators,
R.E.S.O.N.A.T.E. (2014) Ibrutinib versus ofatu-
mumab in previously treated chronic lymphoid
leukemia. New England Journal of Medicine, 371,
213-223.

Byrd, J.C., Furman, R.R,, Coutre, S.E., Burger, J.A.,,
Blum, K.A., Coleman, M., Wierda, W.G., Jones,
J.A., Zhao, W., Heerema, N.A., Johnson, A.J.,
Shaw, Y., Bilotti, E., Zhou, C., James, D.F. &

© 2016 John Wiley & Sons Ltd

British Journal of Haematology, 2016, 175, 359-364



Atrial fibrillation, anticoagulant stroke prophylaxis and bleeding risk with ibrutinib therapy

O’Brien, S. (2015) Three-year follow-up of
treatment-naive and previously treated patients
with CLL and SLL receiving single-agent ibruti-
nib. Blood, 125, 2497-2506.

Camm, AJ., Kirchhof, P., Lip, G.Y., Schotten, U.,
Savelieva, L., Ernst, S., Van Gelder, I.C., Al-Attar,
N., Hindricks, G., Prendergast, B., Heidbuchel,
H., Alfieri, O., Angelini, A., Atar, D., Colonna,
P., De Caterina, R., De Sutter, J., Goette, A.,
Gorenek, B., Heldal, M., Hohloser, S.H., Kolh,
P., Le Heuzey, J.Y., Ponikowski, P. & Rutten,
F.H.; on behalf of the Task Force for the Man-
agement of Atrial Fibrillation of the European
Society of Cardiology (ESC). Developed with
the special contribution of the European Heart
Rhythm Association (EHRA), endorsed by the
European Association for Cardio-Thoracic Sur-
gery (EACTS) (2010). Guidelines for the man-
agement of atrial fibrillation: the task force for
the management of atrial fibrillation of the
European Society of Cardiology (ESC). Europace
12: 1360-1420.

Camm, A.J,, Lip, G.Y., De Caterina, R., Savelieva,
1., Atar, D., Hohnloser, S.H., Hindricks, G.,
Kirchhof, P., Bax, J.J., Baumgartner, H., Ceconi,
C., Dean, V., Deaton, C., Fagard, R., Funck-
Brentano, C., Hasdai, D., Hoes, A., Knuuti, J.,
Kolh, P., McDonagh, T., Moulin, C., Popescu,
B.A., Reiner, Z., Sechtem, U., Sirnes, P.A., Ten-
dera, M., Torbicki, A., Vahanian, A., Windecker,
S., Vardas, P., Al-Attar, N., Alfieri, O., Angelini,
A., Blomstrom-Lundgqyist, C., Colonna, P., De
Sutter, J., Ernst, S., Goette, A., Gorenek, B.,
Hatala, R., Heidbtuichel, H., Heldal, M., Kris-
tensen, S.D., Kolh, P., Le Heuzey, J.-Y., Mavra-
kis, H., Mont, L., Filardi, P.P., Ponikowski, P.,
Prendergast, B., Rutten, F.H., Schotten, U., Van
Gelder, I.C. & Verheugt, FW.A. (2012) 2012
focused update of the ESC Guidelines for the
management of atrial fibrillation: an update of
the 2010 ESC Guidelines for the management of
atrial fibrillation—developed with the special
contribution of the European Heart Rhythm
Association. Europace, 14, 1385-1413.

Chanan-Khan, A., Cramer, P., Demirkan, F., Fraser,
G, Silva, R.S., Grosicki, S., Pristupa, A., Janssens,
A., Mayer, ., Bartlett, N.L., Dilhuydy, M.S., Pyly-
penko, H., Loscertales, J., Avigdor, A., Rule, S.,
Villa, D., Samoilova, O., Panagiotidis, P., Goy, A.,
Mato, A., Pavlovsky, M.A., Karlsson, C., Mahler,
M., Salman, M., Sun, S., Phelps, C., Balasubrama-
nian, S., Howes, A. & Hallek, M.; HELIOS investi-
gators  (2016)  Ibrutinib

bendamustine and rituximab compared with pla-

combined  with

cebo, bendamustine, and rituximab for previously
treated chronic lymphocytic leukaemia or small
lymphocytic  lymphoma (HELIOS): a ran-
domised, double-blind, phase 3 study. The Lancet.
Oncology, 17, 200-211.

Connolly, S.J., Ezekowitz, M.D., Yusuf, S., Eikel-
boom, J., Oldgren, J., Parekh, A., Pogue, J.,
Reilly, P.A., Themeles, E., Varrone, J., Wang, S.,
Alings, M., Xavier, D., Zhu, J., Diaz, R., Lewis,
B.S., Darius, H., Diener, H.C., Joyner, C.D. &
Wallentin, L.RE-LY Steering Committee and

© 2016 John Wiley & Sons Ltd

Investigators (2009) Dabigatran versus warfarin
in patients with atrial fibrillation. New England
Journal of Medicine, 361, 1139-1151.

Dreyling, M., Jurczak, W., Jerkeman, M., Silva,
R.S., Rusconi, C., Trneny, M., Offner, F., Cabal-
lero, D., Joao, C., Witzens-Harig, M., Hess, G.,
Bence-Bruckler, 1., Cho, S.G., Bothos, J., Gold-
berg, J.D., Enny, C., Traina, S., Balasubrama-
nian, S., Bandyopadhyay, N., Sun, S,
Vermeulen, J., Rizo, A. & Rule, S. (2016) Ibruti-
nib versus temsirolimus in patients with
relapsed or refractory mantle-cell lymphoma: an
international, randomised, open-label, phase 3
study. Lancet, 387, 770-778.

Farooqui, M., Valdez, J., Soto, S., Bray, A., Tian,
X. & Wiestner, A. (2015). Atrial Fibrillation in
CLL/SLL patients on Ibrutinib. Blood 126: 2933.

Finnes, H.D., Chaffee, K., Call, T.G., Ding, W.,
Bowen, D.A., Conte, M., McCullough, K.B.,
Merten, J.A., Bartoo, G.T., Smith, M.D., Schwa-
ger, S.M., Slager, S.L., Kay, N.E., Shanafelt, T.D.
& Parikh, S.A. (2015) The importance of phar-
macovigilance during ibrutinib therapy for
chronic lymphocytic leukemia (CLL) in routine
clinical practice. Blood 126, 717.

Granger, C.B., Alexander, J.H., McMurray, J.J.,
Lopes, R.D., Hylek, EMM., Hanna, M., Al-Kha-
lidi, H.R., Ansell, J., Atar, D., Avezum, A., Bahit,
M.C., Diaz, R., Easton, J.D., Ezekowitz, J.A., Fla-
ker, G., Garcia, D., Geraldes, M., Gersh, B.].,
Golitsyn, S., Goto, S., Hermosillo, A.G., Hohn-
loser, S.H., Horowitz, J., Mohan, P., Jansky, P.,
Lewis, B.S., Lopez-Sendon, J.L., Pais, P., Parkho-
menko, A., Verheugt, FW., Zhu, J. & Wallentin,
L; ARISTOTLE Committees and Investigators
(2011) Apixaban versus warfarin in patients with
atrial fibrillation. New England Journal of Medi-
cine, 365, 981-992.

Gustine, J.N., Meid, K., Dubeau, T.E., Treon, S.P.
& Castillo, J.J. (2016) Atrial fibrillation associ-
ated with ibrutinib in Waldenstrom macroglob-
ulinemia. American Journal of Hematology, 91,
E312-E313.

Heidbuchel, H., Verhamme, P., Alings, M., Antz,
M., Diener, H.C., Hacke, W., Oldgren, J., Sin-
naeve, P.,, Camm, A.J. & Kirchhof, P. (2016)
Updated European Heart Rhythm Association
practical guide on the use of non-vitamin-K
antagonist anticoagulants in patients with non-
valvular atrial fibrillation: executive summary.
European Heart Journal, 2016. Doi: 10.1093/
eurheartj/ehw058 First published online: 9 June
2016.

Hilmer, S.N., Gnjidic, D. & Le Couteur, D.G.
(2012) Thinking through the medication list -
appropriate prescribing and deprescribing in
robust and frail older patients. Australian Family
Physician, 41, 924-928.

Jaeger, U., Barr, P.M., Brown, J.R., Hillmen, P.,
O’Brien, S., Barrientos, J.C., Reddy, N.M., Cou-
tre, S., Mulligan, S.P., Furman, R.R, Cymbalista,
F., Montillo, M., Dearden, C., Robak, T., Mor-
eno, C., Pagel, .M., Burger, J.A., Suzuki, S.,
Sukbuntherng, J., Cole, G., James, D.F. & Byrd,
J.C. (2015) Adherence and dose intensity

British Journal of Haematology, 2016, 175, 359-364

following administration of the ibrutinib
420 mg dose in patients with previously treated
CLL, Haematologica, 2015, 100, S435, p155.

Jain, P., Keating, M., Wierda, W., Estrov, Z., Fer-
rajoli, A., Jain, N., George, B., James, D., Kan-
tarjian, H., Burger, J. & O’Brien, S. (2015)
Outcomes of patients with chronic lymphocytic
leukemia after discontinuing ibrutinib. Blood,
125, 2062-2067.

January, C.T., Wann, L.S., Alpert, J.S., Calkins, H.,
Cigarroa, J.E., Cleveland, J.C. Jr, Conti, J.B., Elli-
nor, P.T., Ezekowitz, M.D., Field, M.E., Murray,
K.T., Sacco, R.L., Stevenson, W.G., Tchou, P.J.,
Tracy, C.M., Yancy, CW.; American College of
Cardiology/American Heart Association Task
Force on Practice Guidelines (2014) 2014 AHA/
ACC/HRS guideline for the management of
patients with atrial fibrillation: a report of the
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines
and the Heart Rhythm Society. Journal of the
American College of Cardiology, 64, el—e76.

Jaspers Focks, J., Brouwer, M.A., Wojdyla, D.M.,
Thomas, L., Lopes, R.D., Washam, J.B., Lanas,
F., Xavier, D., Husted, S., Wallentin, L., Alexan-
der, J.H., Granger, CB. & Verheugt, F.W.
(2016) Polypharmacy and effects of apixaban
versus warfarin in patients with atrial fibrilla-
tion: post hoc analysis of the ARISTOTLE trial.
BM]J, 353, i2868.

de Jong, J., Skee, D., Murphy, J., Sukbuntherng, J.,
Hellemans, P., Smit, J., de Vries, R., Jiao, J.J.,
Snoeys, J. & Mannaert, E. (2015) Effect of
CYP3A perpetrators on ibrutinib exposure in
healthy participants. Pharmacology Research &
Perspectives, 3, €00156.

Kamel, S., Horton, L., Ysebaert, L., Levade, M.,
Burbury, K., Tan, S., Cole-Sinclair, M., Rey-
nolds, J., Filshie, R., Schischka, S., Khot, A,
Sandhu, S., Keating, M.J., Nandurkar, H. &
Tam, C.S. (2015) Ibrutinib inhibits collagen-
mediated but not ADP-mediated platelet aggre-
gation. Leukemia, 29, 783-787.

Kazianka, L, Drucker, C., Skrabs, C., Staber, P.B.,
Porpaczy, E.A., Einberger, C., Heinz, M., Haus-
wirth, A., Pabinger, I, Quehenberger, P., Jilma,
B. & Jaeger, U. (2015) Ristocetin-induced plate-
let aggregation for monitoring of bleeding ten-
dency in ibrutinib-treated patients with chronic
lymphocytic leukemia. Blood, 126, 718.

Kirchhof, P., Breithardt, G., Bax, J., Benninger, G.,
Blomstrom-Lundqvist, C., Boriani, G., Brandes,
A., Brown, H., Brueckmann, M., Calkins, H.,
Calvert, M., Christoffels, V., Crijns, H., Dobrev,
D., Ellinor, P., Fabritz, L., Fetsch, T., Freedman,
S.B., Gerth, A., Goette, A., Guasch, E., Hack, G.,
Haegeli, L., Hatem, S., Haeusler, K.G., Heid-
buchel, H., Heinrich-Nols, J., Hidden-Lucet, F.,
Hindricks, G., Juul-Moller, S., Kaab, S., Kappen-
berger, L., Kespohl, S., Kotecha, D., Lane, D.A.,
Leute, A., Lewalter, T., Meyer, R., Mont, L.,
Munzel, F., Nabauer, M., Nielsen, J.C., Oeff, M.,
Oldgren, J., Oto, A., Piccini, J.P., Pilmeyer, A.,
Potpara, T., Ravens, U., Reinecke, H., Rostock,
T., Rustige, J., Savelieva, I, Schnabel, R.,

363


http://dx.doi.org/10.1093/eurheartj/ehw058
http://dx.doi.org/10.1093/eurheartj/ehw058

S. P. Mulligan et al

Schotten, U., Schwichtenberg, L., Sinner, M.F,,
Steinbeck, G., Stoll, M., Tavazzi, L., Themisto-
clakis, S., Tse, H.F., Van Gelder, 1.C., Vardas,
P.E., Varpula, T., Vincent, A., Werring, D., Will-
ems, S., Ziegler, A., Lip, G.Y. & Camm, AJ.
(2016) A roadmap to improve the quality of
atrial fibrillation management: proceedings from
the fifth Atrial Fibrillation Network/European
Heart Rhythm Association consensus confer-
ence. Europace, 18, 37-50.

Lambert Kuhn, E., Leveque, D., Lioure, B., Gour-
ieux, B. & Bilbault, P. (2016) Adverse event
potentially due to an interaction between ibruti-
nib and verapamil: a case report. Journal of Clini-
cal Pharmacy and Therapeutics, 41, 104-105.

Lee, H. J., Chihara, D., Wang, M., Mouhayar, E. &
Kim, P. (2016) Ibrutinib-related atrial fibrilla-
tion in patients with mantle cell lymphoma.
Leukaemia ¢ Lymphoma, Epub ahead of print.
DOI:10.3109/10428194.10422016.11169408.

Leong, D. P., Caron, F, Hillis, C, Duan, A,
Healey, J. S., Fraser, G. & Siegal, D. (2016) The
risk of atrial fibrillation with ibrutinib use: a
systematic review and meta-analysis. Blood, 128,
138-140.

Levade, M., David, E., Garcia, C., Laurent, P.A,,
Cadot, S., Michallet, A.S., Bordet, J.C., Tam, C.,
Sie, P., Ysebaert, L. & Payrastre, B. (2014) Ibru-
tinib treatment affects collagen and von Wille-
brand factor-dependent platelet functions. Blood,
124, 3991-3995.

Lip, G.Y., Fauchier, L., Freedman, S.B., Van
Gelder, 1., Natale, A., Gianni, C., Nattel, S., Pot-
para, T., Rienstra, M., Tse, H.F. & Lane, D.A.
(2016) Atrial fibrillation. Nature Reviews. Disease
Primers, 2, 16016.

Lipsky, A.H., Farooqui, M.Z., Tian, X., Martyr, S.,
Cullinane, A.M., Nghiem, K., Sun, C., Valdez, J.,
Niemann, C.U., Herman, S.E., Saba, N., Soto,
S., Marti, G., Uzel, G., Holland, S.M., Lozier,
J.N. & Wiestner, A. (2015) Incidence and risk
factors of bleeding-related adverse events in
patients with chronic lymphocytic leukemia
treated with ibrutinib. Haematologica, 100,
1571-1578.

Lipsky, A.H., Lozier, ].N. & Wiestner, A. (2016)
Response to comment on incidence and risk fac-

tors of bleeding-related adverse events in

364

patients with chronic lymphocytic leukemia
treated with ibrutinib. Haematologica, 101,
el24-el25.

Lorgunpai, S.J., Grammas, M., Lee, D.S., McAvay,
G., Charpentier, P. & Tinetti, M.E. (2014)
Potential therapeutic competition in commu-
nity-living older adults in the U.S.: use of medi-
cations that may adversely affect a coexisting
condition. PLoS ONE, 9, e89447.

Nishtala, P.S., Gnjidic, D., Jamieson, H.A., Hanger,
H.C., Kaluarachchi, C. & Hilmer, S.N. (2016)
‘Real-world’ haemorrhagic rates for warfarin
and dabigatran using population-level data in
New Zealand. International Journal of Cardiol-
ogy, 203, 746-752.

Pollack, C.V. Jr, Reilly, P.A., Eikelboom, J., Glund,
S., Verhamme, P., Bernstein, R.A., Dubiel, R,
Huisman, M.V., Hylek, E.M., Kamphuisen,
P.W., Kreuzer, J., Levy, J.H., Sellke, F.W., Stang-
ier, J., Steiner, T., Wang, B., Kam, CW. &
Weitz, J.I. (2015) Idarucizumab for Dabigatran
Reversal. New England Journal of Medicine, 373,
511-520.

Quek, L.S., Bolen, J. & Watson, S.P. (1998) A role
for Bruton’s tyrosine kinase (Btk) in platelet
activation by collagen. Current Biology, 8, 1137—
1140.

Rigg, R.A., Aslan, J.E., Healy, L.D., Wallisch, M.,
Thierheimer, M.L., Loren, C.P., Pang, J., Hinds,
M.T., Gruber, A. & McCarty, O.J. (2016) Oral
administration of Bruton’s tyrosine kinase inhi-
bitors impairs GPVI-mediated platelet function.
American Journal of Physiology. Cell Physiology,
310, C373-C380.

Rochon, P.A. & Gurwitz, J.H. (1997) Optimising
drug treatment for elderly people: the prescrib-
ing cascade. BM]J, 315, 1096-1099.

Ruff, C.T., Giugliano, R.P., Braunwald, E., Hoff-
man, E.B., Deenadayalu, N., Ezekowitz, M.D.,
Camm, A.J., Weitz, J.I., Lewis, B.S., Parkho-
menko, A., Yamashita, T. & Antman, E.M.
(2014) Comparison of the efficacy and safety of
new oral anticoagulants with warfarin in
patients with atrial fibrillation: a meta-analysis
of randomised trials. Lancet, 383, 955-962.

Scheers, E., Leclercq, L., de Jong, J., Bode, N,
Bockx, M., Laenen, A., Cuyckens, F., Skee, D.,
Murphy, J., Sukbuntherng, J. & Mannens, G.

(2015) Absorption, metabolism, and excretion
of oral (1)(4)C radiolabeled ibrutinib: an
open-label, phase I, single-dose study in
healthy men. Drug Metabolism and Disposition,
43, 289-297.

Scott, I.A., Hilmer, S.N., Reeve, E., Potter, K., Le
Couteur, D., Rigby, D., Gnjidic, D., Del Mar,
C.B., Roughead, E.E., Page, A., Jansen, J. & Mar-
tin, JH. (2015)
polypharmacy: the process of deprescribing.
JAMA Internal Medicine, 175, 827-834.

Siegal, D.M., Curnutte, J.T., Connolly, S.J., Lu, G.,
Conley, P.B., Wiens, B.L., Mathur, V.S., Castillo,
]., Bronson, M.D., Leeds, ].M., Mar, F.A., Gold,
A. & Crowther, M.A. (2015) Andexanet alfa for
the reversal of factor Xa inhibitor activity. New
England Journal of Medicine, 373, 2413-2424.

Tam, C.S. & Kamel, S. (2016) Comment on Lipsky
et al.: incidence and risk factors of bleeding-

Reducing  inappropriate

related adverse events in patients with chronic
lymphocytic leukemia treated with ibrutinib.
Haematologica, 101, e123.

Thompson, P., Vincent, L., Tam, C.S., Al Nawakil,
C., Goudot, F.X., Quniquenel, A., Ysebaert, L.,
Michallet, A.S., Dihuydy, M.S., Van den Neste,
E., Dupuis, J., Keating, M.J., Meune, C. & Cym-
balista, F.; on behalf of FILO Group. (2016)
Clinical consequences of atrial fibrillation in
CLL patients treated with ibrutinib. An interna-
tional retrospective study. British Journal of
Haematology, 175, 462-466.

Treon, S.P., Tripsas, C.K., Meid, K., Warren, D.,
Varma, G., Green, R., Argyropoulos, K.V., Yang,
G., Cao, Y., Xu, L., Patterson, C.J., Rodig, S.,
Zehnder, J.L., Aster, J.C., Harris, N.L., Kanan,
S., Ghobrial, I., Castillo, J.J., Laubach, J.P., Hun-
ter, Z.R., Salman, Z., Li, J., Cheng, M., Clow, F,,
Graef, T., Palomba, M.L. & Advani, R.H. (2015)
Ibrutinib in previously treated Waldenstrom’s
macroglobulinemia. New England Journal of
Medicine, 372, 1430—1440.

de Zwart, L., Snoeys, J., de Jong, J., Sukbuntherng,
J., Mannaert, E. & Monshouwer, M. (2016)
Ibrutinib dosing strategies based on interaction
potential of CYP3A4
physiologically based pharmacokinetic mod-

perpetrators  using

elling. Clinical Pharmacology and Therapeutics,
Doi: 10.1002/cpt.419.

© 2016 John Wiley & Sons Ltd

British Journal of Haematology, 2016, 175, 359-364


http://dx.doi.org/10.1002/cpt.419

