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Abstract

(1) Background: Tyrosine kinase inhibitors (TKIs) asciminib, bosutinib, dasatinib, imatinib, nilotinib,
ponatinib have been approved for the therapy of chronic myelogenous leukemia (CML).
Pharmacovigilance reports associated with these drugs are not consistent and homogenous and have
been associated with pulmonary toxicity that could limit their utilization. To give a contribution for
a more clear definition of TKIs pulmonary risk, we conducted a research investigating on adverse
events suspected to be caused by TKIs asciminib, bosutinib, dasatinib, imatinib, nilotinib, ponatinib
used for CML, using the european database EudraVigilance. (2) Methods: Suspected adverse
reactions to TKIs in the data system EudraVigilance (2020-2024) coming from European countries
and United Kingdom were analyzed and compared through a disproportionality analysis. (3)
Results: most frequent alerts concerned the respiratory disorders “Pleural effusion” (PE) and
Pulmonary arterial hypertension” (PAH) related to dasatinib and bosutinib. Among the category of
TKIs, prescription of dasatinib is associated with a higher occurrence of PE and PAH, while
prescription of bosutinib induces with minor frequency PE but it exposes at a significant risk for PAH,
occurring more often in women. (4) Conclusions: Results indicate that respiratory disorders induced
by the TKIs dasatinib and bosutinib need to be punctually and rapidly diagnosed and suggest caution
before prescription of these TKIs in patients affected by CML with pulmonary comorbidities.

Keywords: respiratory adverse reactions; tyrosine kinase inhibitors

1. Introduction

Chronic myelogenous leukemia (CML) is a disease that involves myeloproliferation and the
Philadelphia chromosome t(9;22)(q34;q11) and/or and/or the breakpoint cluster Region-Abelson
(BCR-ABL1) fusion gene, a genetic abnormality representing a hallmark CML and other leukemias.
The translocation t(9;22) (q34;q11), results in the formation of the Philadelphia (Ph) chromosome and
the BCR-ABL1 fusion gene. This produces a constitutively active tyrosine kinase that drives
proliferation, blocks apoptosis and induces genomic instability, key features of CML leukemogenesis
(Hochhaus A et al., 2018). The cytogenetic disorder is characterized by the expression of BCR-ABL1
protein activated by tyrosine kinase (TK) [1]. Annual incidence of CML is approximately of two cases
per 100,000 people [2]. Clinical presentation is characterized by variable symptoms: while many
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patients are frequently treated with nonspecific symptoms, nearly 40% of patients are diagnosed
incidentally through routine laboratory evaluations revealing unexplained leukocytosis.
Splenomegaly is the most common physical finding, present in approximately half of newly
diagnosed patients [3]. Without treatment, CML typically progresses from chronic phase to
accelerated phase and finally to blast crisis, a stage similar to acute leukemia [4]. CML progression is
largely attributed to the genetic instability imparted by BCR-ABL1, which facilitates the acquisition
of additional cytogenetic and molecular abnormalities driving the transformation from chronic phase
to accelerated phase and blast crisis [5]. After the previous use of recombinant interferon-alfa,
cytarabine and hematopoietic cell transplantation, currently, people with Philadelphia
chromosome/BCR-ABL1 CML are treated with drugs acting through the inhibition of tyrosine kinase
(TK) activity. The tyrosine kinase inhibitors (TKIs) asciminib, bosutinib, dasatinib, imatinib, nilotinib,
ponatinib have been approved for the therapy of persons affected by CML [6].

A recent pharmacovigilance study, based on the adverse events to TKIs signaled in cancer
patients, using the Food and Drug Administration Adverse Event Reporting System (FAERS)
database revealed that reports associated with drugs linked to BCR-ABL1 TKIs reveal a safety profile
not consistent and homogenous [7]. Although it is considered effective in terms of clinical response,
the TKI dasatinib has been associated with potential pulmonary toxicity characterized by pulmonary
arterial hypertension (PAH) and pleural effusion (PE), to the point that they can limit its utilization
[8]. These adverse events occur at the beginning of therapy and in general they are transitory, even if
need special attention, partucularly in the high-risk patients [9]. Furthermore, a disproportionality
analysis showed that dasatinib, as well as bosutinib, ponatinib, and nilotinib, had a significant
disproportionality signal for PAH induced by PKIs [10]. Cases of bosutinib-induced lung injury
potentially causing life-threatening complications have been also reported, suggesting that patients
treated with bosutinib should be carefully monitored about pulmonary safety [11].

With the aim to give a contribution for a more clear definition of safety of TKIs and the
pulmonary risk associated with these drugs, we conducted a research investigating on respiratory
adverse events suspected to be caused by TKIs used for CML using the european database
EudraVigilance. A descriptive and a disproportionality analysis were performed on reports of
adverse reactions associated with TKIs dasatinib, asciminib, bosutinib, imatinib, nilotinib, ponatinib,
used for CML and signaled in the years from 2020 and 2025 and coming from European Union (EU)
and United Kingdom (UK).

2. Materials and Methods

EudraVigilance is a database collecting suspected adverse reactions (SARs) related to medicines
authorized for the European Union (EU) market. SARs are traceable in individual cases (Individual
Case Safety Reports; ICSRs) and are signaled by national drug regulatory authorities in the EU or by
marketing authorization holders. EudraVigilance collects reports of “suspected” adverse reactions,
meaning unwanted medical events observed following medicine use that are not necessarily related
to or caused by the medicine itself [12].

2.1. Design of the Study

ICSRs reporting SARs that occurred following prescription of the TKIs dasatinib, imatinib,
nilotinib, ponatinib, bosutinib and asciminib from 1 January 2020 to 31 December 2024, were
collected, analyzed and compared among them. The public version of the EudraVigilance database
was used, and data collection on SARs was conducted according to the following inclusion criteria:
serious SARs and reports sent only from healthcare professionals in cases regarding all ages (from 0
to > 85 years) and those reported from the European Economic Area (EEA), including UK. Uk is
mentioned separately because in EudraVigilance, it is included within the EEA. Alerts were excluded
from the analysis when they were reported by non-healthcare professionals or came from non-
European countries. For all cases, information on patient characteristics (age group and sex), adverse
reaction type (often more than one for each ICSR), and the qualification of the primary source was
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provided. Regarding the criteria for data extraction from ICSRs, SAR selection was based on the
Medical Dictionary for Regulatory Activities (MedDRA) [13]. MedDRA is used to code cases
reporting adverse effects in pharmacovigilance databases and to facilitate searches in databases on
adverse drug reactions. Every mentioned SAR was extracted and counted for every single case.
Adverse reactions were grouped under the terms of the SOC (System Organ Classification) level in
the MedDRA hierarchy, such as, for example “Skin and subcutaneous tissue diorders” or “Cardiac
disorders” or “Vascular disorders”. The SOC system’s organ classification is the highest level in the
hierarchy, as it captures the broadest concept useful for data retrieval. It is a way of grouping medical
terms based on body systems or functions. The terms “Pleural effusion” and Pulmonary arterial
hypertension”, used in this study have been used as a so-called “Preferred term” (PT) listed in
MedDRA and reported by the National Center for Biomedical Ontology. A PT is a distinct descriptor
(single medical concept) for an adverse symptom or sign. We selected all cases reporting of adverse
reactions and adverse reactions singularly signaled “Pleural effusion” and Pulmonary arterial
hypertension”recorded in the ICSRs, and we counted them all and analyzed their frequency for
dasatinib, imatinib, nilotinib, ponatinib, bosutinib and asciminib.

2.2. Data Analysis

Source of data extraction is represented by a a line listing a structured table where each row
represents an ICSR and each column represents a specific data point associated with that case. The
data were analyzed by aggregating the PTs of individual reports to a higher level of the MedDRA
hierarchy by merging individual serious SARs in the SOC level. Serious/Non serious (5/NS) ratio was
calculated for each drug. Only reports classified as serious were analyzed. In accordance with the
E2D guidelines of the International Council for Harmonization, ICSRs are classified as serious if they
are life-threatening, have resulted in death, have resulted or prolonged hospitalization or disability,
or are related to a congenital anomaly/birth defect or other medically important conditions. The
adequate stratification of alerts by sex and age groups was performed to avoid biases caused by
confounding effects and to analyze these two variables separately. The sex distribution was analyzed
using the chi-square test. Duplicate and incomplete ICSRs were excluded from the analysis. A
duplicate search was conducted of the dataset based on similarity in terms of the adverse reaction,
age, sex, suspected/interacting medicinal products, and the EudraVigilance local report number. The
statistical analyses used were one-way ANOVAs. A disproportionality analysis of the potential
association of the SOC group “Respiratory, thoracic and mediastinal disorders” was performed by
the reporting odds ratio (ROR) and comparing the SARs of dasatinib or bosutinib with those signaled
for the other TKIs considered for the study. Disproportionality analysis is used to compare the
proportions or frequencies of two or more groups and to verify whether the differences are
statistically significant. It is a methodology used to detect adverse drug reaction alerts. It is based on
the two-by-two contingency table. In this way, the differences between the occurrence frequency and
the background frequency for target drugs and target adverse events can be compared [14]. The ROR
calculates the odds ratio of a selected drug versus other drugs for a certain adverse event. It is used
here to establish the strength of disproportionality by comparing SARs signaled for the combination
of amoxicillin/clavulanic with those signaled for amoxicillin alone. ROR equal to 1 indicates the
absence of an alert; conversely, an ROR greater than 1 indicates an alert and the existence of an
association [15]. All statistical analyses were completed using the SPSS statistical software, version
29.0 (SPSS, IBM, Armonk, NY, USA).

3. Results

3.1. Percentage and Ratio of Serious/Non-Serious Suspected Adverse Reactions of the TKIs dasatinib,
imatinib, nilotinib, ponatinib, bosutinib and asciminib.

In Table 1 are shown the total number of ICSRs, the number of serious and non serious and the
serious/non serious ratio related to signals of SARs related to the prescription of the TKIs dasatinib,
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asciminib, bosutinib, imatinib, nilotinib, ponatinib. S/NS ratio of all the drugs is less than 1. The
highest ratio is linked to dasatinib prescription (Table 1).

Table 1. Serious and non serious Individual Cases Safety Reports (ICSRs) related to the tyrosine kinase inhibitors
dasatinib, asciminib, bosutinib, imatinib, nilotinib, ponatinib, signaled in the years 2020-2024 in the European

Economic Area and United Kingdom.

Drug ICSRs Serious Non serious ICSRs
(total) ICSRs ICSRs serious/non
serious ratio
Dasatinib 703 508 195 0.72
Asciminib 125 79 46 0.63
Bosutinib 337 213 124 0.63
Imatinib 1773 1116 657 0.63
Nilotinib 604 413 191 0.68
Ponatinib 467 326 141 0.70

3.2. Reporting Odds Ratio (ROR) of Serious Suspected Adverse Reactions to dasatinib, asciminib, bosutinib,
imatinib, nilotinib, ponatinib, According to the System Organ Class (SOC) Level

In Table 2, are reported the ROR and confidence intervals of SARs grouped according to the SOC
level. For each drug can be revealed some differences of the safety profile with respect to the total of
TKIs examined. Cardiac and vascular disorders are more signaled with the use of nilotinib and
ponatinib. Gastrointestinal disorders are more frequently reported with the prescription of bosutinib.
More general disorders were signaled with use of imatinib, nilotinib and dasatinib. Injury, poisoning
and procedural complucations with the use of ponatinib, while infections and infestations with
asciminib prescription. Investigations and Neoplasms are more frequently reported with the
prescription of nilotinib and ponatinib, respectively. These two drugs are also more frequently
associated with nervous system disorders, while imatinib use with skin and subcutaneous disorders.
The most significant data is undoubtedly the dramatic increase in reporting of Respiratory, thoracic
and mediastinal disorders associated with the prescription of dasatinib. This group of disorders is
reported as increased also with bosutinib, but to a much lesser extent.

Table 2. Reporting odds ratio (ROR) of signals of serious suspected adverse reactions related to the prescription
of the tyrosine kinase inhibitors dasatinib, asciminib, bosutinib, imatinib, nilotinib, ponatinib, signaled in the
years 2020-2024 in the European Economic Area and United Kingdom, clustered according to the System Organ

Class (SOC) level.
SOC Imatinib | Nilotinib | Ponatinib | Dasatinib | Bosutinib | Asciminib
Cases Cases Cases Cases Cases Cases
ROR ROR ROR ROR ROR ROR
95% C.I. 95% C.I. 95% C.I. 95% C.I. 95% C.I. 95% C.I.
Blood and 208 80 54 93 31 15
lymphatic system 1.06 1.10 0.88 1.01 0.65 1.06
disorders (0.87-1.30) | (0.84-1.44) | (0.65-1.21) | (0.79-1.30) | (0.44-0.97) | (0.60-1.88)
Cardiac disorders 109 85 68 80 34 15
0.48 2.77 1.94 1.40 1.21 1.37
(0.38-0.61) | (2.10-3.65) | (1.45-2.60) | (0.07-1.82) | (0.83-1.78) | (0.77-2.43)
Gastrointestinal 273 57 57 103 52 12
disorders 1.45 0.91 1.15 1.42 1.58 0.80
(1.20-1.75) | (0.68-1.23) | (0.85-1.55) | (0.12-1.80) | (1.14-2.19) | (0.43-1.49)
General disorders 393 118 73 130 43 21
and 2.20 2.26 1.17 1.61 0.99 1.35
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administration (1.84-2.63) | (1.79-2.85) | (0.89-1.54) | (1.29-2.00) | (0.70-1.39) | (0.81-2.24)
site conditions
Injury, poisoning 92 23 50 35 8 2
and  procedural 1.10 0.52 2.23 0.88 0.39 0.25
complications (0.83-1.47) | (0.33-0.81) | (1.59-3.14) | (0.60-1.28) | (0.19-0.81) | (0.06-1.04)
Infections  and 71 23 21 46 13 14
infestations 0.86 0.59 0.77 1.43 0.75 2.49

(0.64-1.17) | (0.38-0.93) | (0.48-1.24) | (1.01-2.03) | (0.42-1.33) | (1.37-4.53)
Investigations 136 82 30 47 25 12
0.95 217 0.75 0.80 0.96 1.23
(0.75-1.20) | (1.65-2.86) | (0.50-1.11) | (0.58-1.10) | (0.62-1.48) | (0.66-2.30)
Neoplasms 133 44 46 41 12 14
benign, 1.19 0.98 1.45 0.77 0.46 1.68
malignant  and | (0.93-1.52) | (0.70-1.38) | (1.03-2.04) | (0.54-1.09) | (0.25-0.84) | (0.93-3.04)
unspecified
Nervous  system 109 80 57 41 16 11
disorders 0.70 2.19 1.82 0.71 0.59 1.16
(0.55-0.90) | (1.66-2.90) | (1.33-2.48) | (0.50-1.00) | (0.35-1.00) | (0.61-2.22)
Respiratory, 125 32 42 267 67 8
thoracic and 0.34 0.46 0.79 10.77 2.38 0.51
mediastinal (0.27-0.42) | (0.31-0.66) | (0.56-1.10) | (8.69-13.34) | (1.76-3.24) | (0.24-1.06)
disorders
Skin and 175 44 31 39 33 10
subcutaneous 1.63 0.89 0.78 0.63 1.36 0.99
disorders (1.30-2.06) | (0.64-1.25) | (0.53-1.14) | (0.44-0.89) | (0.92-2.01) | (0.50-1.94)
Vascular 54 60 37 25 9 11
disorders 0.50 2.20 1.58 0.63 0.49 1.80
(0.36-0.69) | (1.59-3.05) | (1.08-2.30) | (0.41-0.97) | (0.24-0.96) | (0.94-3.47)

ROR and confidence intervals (C.I.; in brackets) are reported as the result of the comparison of each drug with

the other tyrosine kinase inhibitors.

3.3. Sex Distribution of Serious Suspected Adverse Reactions”Pleural Effusion” and “Pulmonary Arterial

Hypertension” Associated with dasatinib and bosutinib Prescription

Sex distribution of signals associated with dasatinib prescription reporting the adverse reactions

PE shows an apparent prevalence of males, with a percentage of 55.7%. However, statistical analysis
does not confirm this date. “Pulmonary arterial hypertension” is equally reported between the sexes
with dasatinib use. An asymmetric sex distribution is observed following bosutinib prescription. PE
is more signaled for males, while PAH for females.

PE is reported in the 32.5% of all serious cases associated with dasatinib, and in the percentage
of 5.16% for bosutinib. “Pulmonary arterial hypertension” is reported in the percentage of 4.13% and
3.29% of all serious cases signaled for dasatinib and bosutinib, respectively (Table 3). Age distribution
shows as PE is more reported in elderly (65-85 years), both for dasatinib and bosutinib. PAH is more
signaled for adult age (18-64 years) with dasatinib and in elder patients (65-85 years) with bosutinib
(Table 4).

Table 3. Sex distribution of serious suspected adverse reactions to the drugs dasatinib and bosutinib, signaled
in the years 2020-2024 with the Preferred Terms “Pleural effusion” and “Pulmonary arterial hypertension” in
the European Economic Area and United Kingdom. Total number of Individual Cases Safety Reports (ICRSs) of
dasatinib and bosutinib is 508 and 2013, respectively. Total number of serious male and female cases signaled
for dasatinib is 267 and 241, respectively. Total number of serious male and female cases signaled for bosutinib
is 116 and 97, respectively.
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o,
Male cases Male and o o.f all . ?ex .
Drug . Female cases serious distribution
Adverse reaction number and o, female . g
o number and % ICSRs significance
%o cases
level
(P)
N.S.
92 73
Pleural effusion o o 165 32.5% 0.3167
Dasatinib (55.7%) (44.3%)
Pulmonary 17 17 N.S.
arterial (50.0%) (50.0%) 34 4.13% 0.7570
hypertension
28 13
Pl 1 effusi 41 16% .0478*
. eural effusion (68.3%) (31.7%) 5.16% 0.0478
Bosutinib
Pulmonary 4 14
arterial (22.2%) (77.8%) 18 3.29% 0.0041*
hypertension

*P =< 0.05 males vs females. N.S. = not significant.

Table 4. Age distribution of serious suspected adverse reactions to the drugs dasatinib and bosutinib, signaled
in the years 2020-2024 with the Preferred Terms “Pleural effusion” and “Pulmonary arterial hypertension” in
the European Economic Area and United Kingdom. Total number of Individual Cases Safety Reports (ICRSs)
for dasatinib = 508.

Drug . 18-64 65-85 >85
Adverse reaction
(years) (years) (years)
Pleural effusion 30 41 3
Dasatinib (5.9%) (8.1%) (0.6%)
Pulmonary arterial 13 6 2
hypertension (2.5%) (1.2%) (0.4%)
. 3 8 _
Pleural effusion (1.4%) (3.75%)
Bosutinib
Pulmonary arterial 2 5 e
hypertension (0.94%) (2.35%)

In brackets, the percentage of the total number of ICSRs associated with dasatinib or bosutinib prescription.

3.4. Reporting Odds Ratio (ROR) of Individual Cases Safety Reports (ICRSs) Associated with dasatinib and
bosutinib Prescription, Reporting “Pleural Effusion” and “Pulmonary Arterial Hypertension” Compared to
the Tyrosine Kinase Inhibitors asciminib, imatinib, nilotinib, ponatinib

A disproportionality analysis was carried out through the evaluation of ROR obtained by
comparison of the signals “Pleural effusion” and “Pulmonary arterial hypertension” related to
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dasatinib and bosutinib prescription. Data of the two drugs were singularly compared with those
regarding the same adverse reactions reported with the other TKIs. Asciminib, imatinib, nilotinib,
ponatinib and bosutinib were compared with dasatinib. Asciminib, imatinib, nilotinib, ponatinib and
dasatinib were compared with bosutinib. Results show a ROR of 9.55 (95%; C.I. 7.28-12.52) for the
adverse reaction PE suspected to be caused by dasatinib and a ROR of 2.32 (95%; C.I. 1.61-3.36) for
the same adverse reaction suspected to be caused by bosutinib. ROR for PAH was 4.90 (95%; C.1. 2.98-
8.05) for dasatinib and 4.70 (95%; 2.68-8.25) for bosutinib prescription (Table 5).

Table 5. Reporting odds ratio (ROR) of serious Individual Cases Safety Reports (ICRSs) associated with dasatinib
and bosutinib prescription, signaled in the years 2020-2024 with the Preferred Terms “Pleural effusion” and
“Pulmonary arterial hypertension” in the European Economic Area and United Kingdom, compared to the
signals associated with the prescription of the tyrosine kinas inhibitors asciminib, imatinib, nilotinib, ponatinib.
Total number of serious Individual Cases Safety Reports (ICRSs) for dasatinib and bosutinib is 508 and 213,

respectively.
Dru Adverse reaction ICSRs A thEI:CO;IIl:sr e ROR
8 (cases) (95% C.1.)
(cases)
. 9.55
Pleural effusion 165 103 (7.28-12.52)
Dasatinib
Pulmonary arterial 4 31 4.90
hypertension (2.98-8.05)
2.32
. Pleural effusion 41 227 (16 1_33. 36)
Bosutinib
Pulmonary aFterlal 18 47 4.70
hypertension (2.68-8.25)

Dasatinib or bosutinib cases were excluded from “All the other TKIs ICSRs” when calculating the ROR of each

of them. C.I. = confidence intervals.

4. Discussion

PE is a condition characterized by abnormal quantity of fluid in the pleural space, the gap
between the lungs and the chest wall, which normally contains a small amount of fluid [16]. PAH is
another respiratory disorder characterized by high blood pressure in the pulmonary arteries. This
condition, characterized by constriction of small arteries, forces the right side of heart to an harder
work leading to potential heart failure [17]. These adverse reactions, requiring discontinuing of
therapy and initiating a appropriate medical intervention [18], have been associated with the
prescription of the TKI dasatinib [8]. The present analysis indicates that the use of TKIs dasatinib and
bosutinib, although in a different extent, can expose patients to these respiratory disorders.

Dasatinib is a second-generation TKI, indicated as first-line treatment for patients newly
diagnosed with CML and second-line treatment for those who are resistant or intolerant to therapy
with imatinib [19]. It has been observed how, despite the superiority of clinical effectiveness of
dasatinib versus imatinib, its potential pulmonary toxicity, may limit its clinical use [9]. PE, affecting
14% to 35% of patients who dasatinib has been prescribed, seems to be caused by an imbalance in
oncotic and hydrostatic pressures, increased capillary permeability, or impaired lymphatic drainage
[20]. Bosutinib is a second-generation TKI indicated for the therapy of patients with Ph-positive
chronic-, accelerated-, or blast-phase CML who are intolerant or resistant to other TKIs. Bosutinib
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inhibits a tyrosine kinase oncogene and Src kinases responsible for CML pathogenesis [21]. More
recently, another case report, described refractory recurrent PE caused by bosutinib in a 79 old yeras
woman. The event started developing worsening dyspnea related to pulmonary toxicity in the form
of PE [22].

An early analysis of adverse events using data from FAERS database raised the hypothesis of an
association between PE and PAH and prescription of dasatinib, even if these events were considered
rare [23]. This concern has been raised about PE, with the publication of a case series reporting
chylothorax (condition with chyle in the pleural space) [24] in association with dasatinib use that
required treatment including administration of diuretics, steroids, dose reduction and discomtinuing
of the drug [25]. About the mechanism underlying chylothorax induced by dasatinib, different
hypothesis have been proposed, such as immune factors, block of of T-cell function, inhibition of
platelet-derived growth factor receptor expressed in pericytes involved in angio-lymphangiogenesis
[26]. A retrospective pharmacovigilance study on TKIs inhibitors based on FAERS databank
collecting signals reported from 1 January 2004 to 30 September 2021 and published in the year 2023,
revealed that patients aged 265 years using dasatinib, imatinib, nilotinib or bosutinib had higher
RORSs for PE, pericardial effusion and pulmonary oedema [27].

Pulmonary hypertension is defined as an increase in mean pulmonary arterial pressure > 25
mmHg [28]. It is a rare but potentially life-- threatening complication. The pathophysiological
mechanism linked to this adverse reaction induced by dasatinib is not clear. Together with
endothelial dysfunction and vascular remodelling, inhibition of BCR-ABL and Src family kinases
induced by the drug, could give a contribution to PAH development [29,30]. A disproportionality
analysis performed in 2019 with data from the World Health Organization pharmacovigilance
database VigiBase, using the ROR and 95% confidence interval, found a positive signal indicating the
association between dasatinib bosutinib, ponatinib, ruxolitinib, nilotinib and the raising of
pulmonary arterial hypertension. The authors found dasatinib safety profile to be dissimilar with
respect to the other drugs of the same category and suggested as kinases of the bone morphogenetic
protein signalling pathway also seem to play a role in the pathophysiology of PAH induced by TKIs
[10].

Our analysis has been conducted by using the european database system EudraVigilance. This
is the first time that a post-marketing pharmacovigilance study on potentially adverse reactions
induced by TKIs has been designed using data derived exclusively from real-world European data
through the analysis of the database EudraVigilance. The use of this database offers a European
perspective and allows the early identification and evaluation of potential safety issues (signals) for
medicines in the EEA based on pharmacovigilance systems are homogenous among the different
european countries and UK. Data of our study, include a descriptive analysis and a
disproportionality analysis about adverse reactions, particularly respiratory disorders induced by the
TKIs dasatinib, asciminib, bosutinib, imatinib, nilotinib and ponatinib. Calculation of ratio between
serious and non serious adverse reactions of all the drugs, shows that the highest ratio, although to a
lesser extent, is linked to prescription of dasatinib. A high S/NS ratio acts as a strong indicator of
potential underlying toxicity, suggesting the drug carries a greater inherent risk for severe harm, even
with fewer total reports and its safety profile warrants closer scrutiny [31]. Data of the TKIs examined
in this study show a different profile among the TKIs. Cardiac and vascular disorders are more
signaled with the use of nilotinib and ponatinib. Gastrointestinal disorders are frequently reported
with the prescription of bosutinib. More general disorders were signaled with use of imatinib,
nilotinib and dasatinib. Injury, poisoning and procedural complucations with the use of ponatinib,
while infections and infestations with asciminib prescription. Investigations and neoplasms are more
frequently reported with the prescription of nilotinib and ponatinib, respectively. These two drugs
are also more frequently associated with nervous system disorders, and imatinib use with skin and
subcutaneous disorders.

As expected, the most significant data obtained with the disproportionality analysis is the
dramatic increase in reporting of respiratory, thoracic and mediastinal disorders associated with the
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prescription of dasatinib (ROR 10.77; 95% C.I. 8.69-13.34). A closer look at respiratory disorders PE
and PAH, associated with dasatinib prescription, shows that they are reported in the 32.5% and the
4.13% of all serious cases, respectively. This date confirms previous date indicating that PE is more
commonly signaled in comparison to PAH induced by dasatinib. A recent study reported that 17.6%
of patients treated with dasatinib developed PE [32], while, as a cause of PAH, the lowest estimated
incidence based on French Pulmonary Hypertension registry data, is of 0.45% [33]. In our study, an
apparent asymmetric sex distribution, indicating a male prevalence between the patients treated with
dasatinib in which these adverse reactions occur, has not been comfirmed by statistical analysis. Age
distribution shows as PE is more reported in elderly (65-85 years), while PAH in adults (18-64 years).
The disproportionality analysis performed comparing the signals PE and PAH associated with
dasatinib and data of the same adverse reactions reported with the the TKIs asciminib, bosutinib,
imatinib, nilotinib, ponatinib produced a ROR of 9.55 (95%; C.I. 7.28-12.52) for the adverse reaction
PE and a ROR of 4.90 (95%; C.I. 2.98-8.05) for the adverse reaction PAH. Thus indicating for this drug
a strong signal for disproportionate reporting compared to the combined odds of that event with
other drugs in the same category. It means that prescription of dasatinib is over 10 times more
probably linked to the potential occurrence of PE in comparison to other TKIs. Similarly, although to
a lesser extent, patients prescribed dasatinib are approximately 5 times more likely to develop PAH
than patients prescribed with other TKIs.

Disproportionality analysis about respiratory, thoracic and mediastinal disorders potentially
induced by bosutinib shows a ROR of 2.38 (95%; C.I. 1.76-3.24) in comparison with the other TKIs
(included dasatinib). Evaluation of ROR about both respiratory disorders PE and PAH, induced by
bosutinib shows that these disorders are signaled in the 5.16% and the 3..29% of all serious cases
induced by this drug, respectively. The incidence of PE following the use of bosutinib as being
reported as largely variable in the percentage of 1-10% of patients [34]. Evaluation of sex distribution
of european data shows that there is an asymettric difference between PE and PAH induced by
bosutinib, indicating statistically significant male prevalence for PE in males and of PAH in females.
The disproportionality analysis performed comparing the signals PE and PAH associated with
bosutinib and data of the same adverse reactions reported with the TKIs dasatinib, asciminib,
imatinib, nilotinib, ponatinib produced a ROR of 2.32 (95%; C 1. 1.61-3.36) for the adverse reaction PE
and a ROR of 4.70 (95%; C.I. 2.68-8.25) for the adverse reaction PAH. These data indicate that
prescribing bosutinib exposes patients to a more than two-fold higher risk of developing PE
compared to other TKIs and a more than four-fold higher risk for pulmonary arterial pressure. In
other words, the risk is present, but lower than that of PE with dasatinib, but almost comparable
between the two drugs for pulmonary arterial hypertension. Sex distribution shows a difference
characterized by prevalence of male patients experiencing PE and prevalence of females affected by
PAH.

Meaning of ROR higher than 1, as observed in our analysis, means the odds for specific adverse
events occurring with drugs is more elevated compared to the combined odds of these events (in this
case PE and PAH) with other drugs in the same category (or all other drugs), indicating a strong
signal for disproportionate reporting [35]. The results produced through our analysis need to be
interpreted with care due to the known limitations of pharmacovigilance research using data systems
of spontaneous signals for drugs with known adverse reactions. Limitations include the arbitrary
choice of the years analyzed (2020-2024), lack of a denominator, under-reporting, lower-quality
information, causal relationship uncertainty, and, finally, the difficulty in controlling confounding
factors such as comorbidities or, sometimes, the dosage and frequency duration of exposure, which
may have an influence on health/pathology conditions. Despite limitation above exposed, these data
can be considered an update regarding the problem linked to the occurence of respiratory disorders
induced by dasatinib. They confirm that risk is dramatically elevated for dasatinib-induced PE and
it is significant also for PAH induced by dasatinib and bosutinib in comparison to other TKI as the
disproportionality analysis indicates that the risk of PAH is similar for the two drugs and is almost 5
times higher than for the TKIS considered.
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5. Conclusions

In conclusion, this is the first post-marketing surveillance report conducted through the analysis
of data exclusively coming fro European countries and United Kingdom. Results indicate that
prescription of dasatinib is associated with a higher occurrence of rate of PE and PAH among the
category of TKIs, while prescription of bosutinib induces with minor frequency PE but it exposes at
a significant risk for PAH and this disorder seems to occur more often in women. These results
indicate that respiratory disorders induced by the TKIs dasatinib and bosutinib need to be punctually
and rapidly diagnosed and suggest caution before prescription of TKIs in patients affected by CML.
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Abbreviations

The following abbreviations are used in this manuscript:

TK Tyrosine kinase

TKIs Tyrosine kinase inhibitors
SARs Suspected adverse reactions
FDA Food and Drug Administration
EMA European Medicines Agency
EU European Union

UK United Kingdom

EEA European Economic Area

CML Chronic myelogenous leukemia

BCR-ABL1 Breakpoint cluster Region-Abelson 1
MedDRA  Medical Dictionary for Regulatory Activities

S/NS Serious/Non serious ratio

PE Pleural effusion

PAH Pulmonary arterial hypertension

PT Preferred Term

FAERS Food and Drug Administration Adverse Event Reporting System
ICSRs Individual Cases Safety reports

SOC System Organ Class

ROR Reporting odds ratio

N.A. Not applicable

ClL Confidence intervals
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