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Chronic myeloid leukemia (CML) is a hematopoietic
neoplasm characterized by uncontrolled myeloprolif-
eration, basophilia, and the BCR/ABL oncoprotein.

The natural course of CML includes a chronic phase, an accel-
erated phase, and a blast phase that resembles an acute
leukemia. The BCR/ABL tyrosine-kinase inhibitor (TKI) ima-
tinib is an established standard of therapy in chronic phase
CML. However, despite very good long-term results concern-
ing efficacy and safety, resistance against imatinib may occur,
often in association with a BCR/ABL mutation.1,2 The treat-
ment of patients with imatinib-resistant CML is a challenge
in clinical hematology.3,4 For these patients, two effective sec-
ond-generation TKI are available: dasatinib and nilotinib.3-6

Recent data suggest that these two TKI, when compared to
imatinib, also exert superior anti-leukemic effects in newly
diagnosed patients, with higher rates of complete cytogenetic
remission and major molecular remission at 12 and 18
months.5,6 Moreover, nilotinib and dasatinib counteract early
transformation to blast phase more effectively.5,6 The superior
effects of these TKI may result from their strong effects on
BCR/ABL (including BCR/ABL-mutants) and their effects on
additional drug targets.7 However, such additional targets are
also expressed in non-hematopoietic cells and may thus be
responsible for non-hematologic adverse events. Whereas
side effects are, in many cases, mild and manageable without
organ damage, some patients have major problems and devel-
op overt intolerance or even life-threatening adverse events.

The unique adverse event profile of nilotinib and dasatinib
A unique spectrum of adverse events has been reported for

both TKI (Table 1). For dasatinib-treated patients, the occur-
rence of pleural effusion is a clinical challenge,8-12 especially
when pleural effusion is recurrent or accompanied by a per-
ciardial effusion, pulmonary hypertension, or an infection.
Several other non-hematologic adverse events have also been
described for dasatinib, including diarrhea, skin rash, bleed-
ing, viral re-activation, and sometimes also opportunistic
infections which have been reported in patients receiving
dasatinib at a dose of 2¥70 mg daily (Table 1).11 The frequen-
cy of most adverse events appears to be lower when the dose
of dasatinib is 100 mg once daily.9 However, even in patients
receiving 100 mg once daily, pleural effusions develop and
may accumulate over time.12,13

Nilotinib-treated patients may develop increases in pancre-
atic enzymes, bilirubin, and fasting glucose level (Table 1).5,14,15

Other non-hematologic adverse events include diarrhea, a fol-
liculitis-like skin rash, and bleeding. There are a few reports
of severe peripheral arterial occlusive disease (PAOD) and
other vascular occlusive events (infarction) in patients receiv-
ing nilotinib (Table 1).15,16 Several of these patients developed
a rapidly progressive and highly resistant form of PAOD after
switching from imatinib to nilotinib.15,16

It is remarkable that pleural effusions rarely occur in nilo-
tinib-treated patients, that severe PAOD has not been report-
ed in patients treated with dasatinib, and that both types of
adverse events are rare in imatinib-treated patients.5,6,9,15 Thus,
although not confirmed for all types of adverse events in
prospective studies, these particular events are considered to
be associated with drug-intake, and to occur in a TKI-specific
manner. So far, little is known about factors predisposing to
the development of such adverse events. From a clinical point
of view, this is an essential issue as many patients are candi-
dates for long-term treatment with TKI, or may be trans-
plantable patients in whom comorbidities should be kept to a
minimum and should be recognized as early as possible.

Preferential occurrence of severe tyrosine kinase
inhibitor-related adverse events in patients who suffer
from comorbidities or have other pre-existing risk factors
Recent data suggest that severe TKI-related adverse events

(TKI-syndromes) preferentially occur in patients who have
pre-existing risk factors or are already suffering from certain
comorbidities. For dasatinib-induced pleural effusions, sever-
al risk factors such as a pre-existing cardiac disease, arterial
hypertension, or auto-immune disorders have been described
(Table 2).8-10 Other comorbidities have also been discussed as
potential risk factors, but their exact predictive value remains

Table 1. Non-hematologic adverse events and related laboratory abnormal-
ities reported in CML patients treated with dasatinib or nilotinib.

Recorded in CML Patients treated with*
Dasatinib* Nilotinib*

Pleural effusion +++ +/-
Pulmonary hypertension + +/-
Pericardial effusion + +/-
Viral reactivation + +/-
Increase in NK cells ++ +/-
Peripheral edema ++ ++
Skin rash +++ +++
Major bleeding + +
Diarrhea +++ +++
Increase in fasting glucose +/- +++
Increase in pancreatic enzymes +/- +++
Progressive peripheral arterial
occlusive disease - (n.r.)** ++**

+++, reported in >15% of all patients; ++, reported in 5-14% of all patients; +, reported in 1-4%
of all patients; +/-, recorded in less than 1% of patients. *Data refer to previous studies per-
formed in CML patients given dasatinib (100-140 mg daily) or nilotinib (2x300 or 2x400 mg
daily). **Peripheral arterial occlusive disease has not been examined for or reported (n.r.)
in dasatinib-treated patients so far, and was examined for in nilotinib-treated patients in only
one recent multicenter investigation.16



uncertain (Table 2). The impact of comorbidities on effu-
sion-formation in dasatinib-treated patients is confirmed
by Breccia et al. in a study published in this issue of the
journal.17 They applied two multi-parameter comorbidity
scoring systems, the Charlsen comorbidity score and the
adult comorbidity evaluation-27 score; according to both
scores, comorbidities were found to predict effusion-for-
mation.17 Apart from comorbidities, other risk factors,
such as age and the phase of CML, should also be consid-
ered in dasatinib-treated patients.8 Finally, the risk of for-
mation of an effusion is clearly higher when the drug is
administered at a dose of 2¥70 mg per day than at the
once-daily 100 mg-dose (Table 2).9,18

Comorbidities that may predispose to the development
of PAOD and other vascular occlusive events in nilotinib-
treated patients may be the same as those predisposing to
PAOD in untreated non-leukemic patients, namely smok-
ing, arterial hypertension, diabetes mellitus, age, and obe-
sity (Table 2).15,16 One or more of these risk factors were
identified in almost all CML patients who developed a
severe form of PAOD during nilotinib therapy.15,16 It is cur-
rently unknown why some of these patients develop a
rapidly progressive, severe, treatment-resistant form of
PAOD, requiring repeated surgical interventions or even
amputation.15,16

An important aspect is that the risk factors predisposing
to the development of severe adverse events during treat-
ment with the two TKI may overlap. Thus, age, arterial
hypertension, and hypercholesterolemia are risk factors
for both pleural effusion-formation during dasatinib treat-
ment and PAOD development in patients taking nilotinib.

Potential mechanisms and treatment options
The exact mechanisms underlying TKI-induced severe

adverse events remain unknown. In the case of dasatinib-
induced pleural effusions, a widely discussed hypothesis is
that systemic activation of the immune system (by viral
reactivation, infections, auto-immune or allergic reactions)
is a critical factor.10 In line with this hypothesis, an increase
in natural killer cells is often seen in patients with such
effusions. Many of these patients also have a skin rash, an
allergic episode or a respiratory infection (shortly) before
the effusion is diagnosed. In this regard, it is noteworthy
that IgE-mediated histamine release from basophils is aug-
mented by low concentrations of dasatinib.19 Moreover,
therapy with glucocorticosteroids, known to suppress
lymphocyte- and basophil function, exerts beneficial
effects in these patients.8,18 From these observations, infec-
tions (especially bronchopulmonary infections), auto-
immune disorders, and allergic reactions must be taken
into account as potentially relevant for the development of
effusion-formation in dasatinib-treated patients, and early
recognition and management of such comorbidities may
be an effective way to prevent effusion-formation. For
patients with an overt pleural or pericardial effusion, drug-
interruption and dose-reduction, thoracentesis (if needed),
short-term glucocorticosteroids, and diuretics are recom-
mended approaches.8,18 In those with repeated severe effu-
sion-formation, it is advisable to discontinue dasatinib and
to switch to an alternative drug.
With regard to vascular events, the exact relationship to

nilotinib-exposure and the underlying mechanisms remain

unclear. Potential explanations include the metabolic
effect of nilotinib, direct effects of nilotinib on vascular
cells, and drug effects on the coagulation and/or fibrinolyt-
ic system. There are several targets of nilotinib that may
be involved in these drug-specific effects, including the
discoidin domain receptor-1 (DDR1).20 Although imatinib
also interacts with DDR1, the suppressive effect of nilo-
tinib on DDR1-activity is much stronger. Whether DDR1
is indeed a critical vascular and pancreatic target of nilo-
tinib is currently under investigation. 
With regard to therapy and prevention of PAOD, it may

be important to treat metabolic and vascular comorbidi-
ties and to introduce prophylactic therapy early. An unre-
solved question is whether a slight increase in the fasting
glucose level, which is quite frequently seen in nilotinib-
treated patients, should immediately lead to early inter-
vention with anti-diabetic management/therapy. At least
repeated testing of glucose levels seems justified. In addi-
tion, patients with raised fasting glucose levels should be
thoroughly examined for the presence and for the devel-
opment of PAOD. 

Implications for first-line and second-line therapy
The observations that CML patients who suffer from

metabolic, immunological, or vascular comorbidities
(often elderly patients) are more likely to develop major
non-hematologic adverse events during dasatinib or nilo-
tinib treatment have clinical implications and should assist
in patient-selection. In particular, certain comorbidities as
well as related risk factors should be taken into account
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Table 2. Risk factors and comorbidities predicting specific adverse events in
patients treated with second line TKI.

Predictive in in
factors dasatinib treated patients: nilotinib treated patients:

Pleural (pericardial) effusion Progressive PAOD
Higher dose Pre-existing risk factors for

Established Twice daily schedule* PAOD development:
risk factors Duration of treatment (Arterial hypertension/

CML duration* adiposity/smoker/
AP/BP of CML age/hyperlipidemia/ 
Comorbidity (Charlsen, E-27) diabetes mellitus)
Cardiac history* Pre-existing PAOD**
Arterial hypertension*
Pre-existing autoimmune disease*
Prior skin rash on dasatinib*
Hypercholesterolemia*
Age

Potential Pulmonary disorders Individual risk factors for
risk factors Pulmonary hypertension PAOD development

Infectious diseases Increase in fasting- 
Viral re-activation glucose during nilotinib therapy
Immune cell activation Second-line i.e. prior
(NK cell expansion) imatinib therapy   
Allergic/atopic disorders Duration of treatment
Second-line therapy Phase of CML

*Predictive value confirmed by multivariate analysis.8,10 **Although not formally proven, it seems
likely that most patients who develop rapidly progressing PAOD during nilotinib therapy have pre-
existing (unknown) PAOD before starting nilotinib. TKI: tyrosine kinase inhibitor; PAOD: peripheral
arterial occlusive disease; CML: chronic myeloid leukemia; AP: accelerated phase; BP: blast phase;
NK cell: natural killer cell.
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when selecting a second-line TKI. Patients should be
examined for the presence and development of risk factors
and comorbidities before starting TKI treatment as well as
during the therapy. In the case of front-line therapy, it
should always be considered that many patients may take
TKI for many years or even decades, and that no long-
term safety data for dasatinib or nilotinib are available, in
contrast to the well-established and superior long-term
safety profile of imatinib. It should also be mentioned that
predisposing risk factors and comorbidities may develop
in most patients with age, even when the factors were not
present at the start of therapy. Finally, the safety issues
concerning dasatinib and nilotinib are not trivial and the
underlying mechanisms are not understood. Many experts
do, therefore, consider that, for the time being, imatinib
should remain standard front-line therapy in chronic
phase CML, at least for patients with Sokal low-risk CML
and for older patients suffering from certain comorbidities.
In the future this view may change, especially when the
mechanisms underlying adverse events are better under-
stood, when studies have shown that the risk can be
reduced by appropriate selection of patients and/or co-
medication, or when CML eradication can be achieved
within a relatively short period. A related reasonable con-
cept might be to eradicate most of the more malignant
subclones with second- or third-line TKI first, and then
switch back to imatinib maintenance therapy at the time
of complete molecular remission.

Summary and future perspectives
Based on the notion that certain comorbidities predis-

pose to the development of severe adverse events in
patients receiving dasatinib or nilotinib, front-line and sec-
ond-line treatment of CML must be adapted to the individ-
ual situation in each patient. In many instances the use of
such TKI and their superior activity as front-line therapy
must be balanced against their potential risk. Even in
patients without co-morbidities, the risk must be calculat-
ed as patients may be treated for many years if not decades
and may acquire risk factors over time. Therefore, param-
eters exploring the risk and detecting TKI-associated
adverse events early should be included in the follow up.
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