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Abstract
Introduction Small molecule tyrosine kinase inhibitors (TKIs) inhibit not only the target kinase but also various kinases as 
off-target inhibitors not mentioned in the package insert. However, there are no reports that comprehensively examine the 
relationship between adverse events and kinase affinity.
Objective In this study, we combined basic data and clinical data to visualize the relationship between kinase affinity and 
adverse events, which will be useful for the management of adverse events in clinical practice.
Methods We targeted TKIs that have been used domestically and for which the dissociation constant was obtained as reported 
by Davis et al. Adverse event data recorded in the Japanese Adverse Drug Event Report (JADER) database provided by the 
Pharmaceuticals and Medical Devices Agency between April 2004 and January 2018 were used. We calculated the reporting 
rates of the Standardized MedDRA Queries (SMQ) for the adverse events of interest and visualized the correlation coefficients 
with kinase affinity. We used the adverse events associated with VEGFR2 and EGFR to assess their validity.
Results We found a correlation among known kinase-related adverse events, suggesting that the methodology may be used 
as a signal detection method to generate hypotheses for clinical and basic research.
Conclusion Our comprehensive analysis of the kinase affinity of TKIs in this study, which was based on basic TKI kinase 
affinity data and the clinical data of the reporting rates, suggested that our comprehensive analysis method is useful for gen-
erating hypotheses about possible causal relationships between pharmacological effects and adverse events.
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1 Introduction

Advances in the early diagnosis and treatment of cancer 
have significantly improved the prognosis of cancer patients. 
In particular, in the field of chemotherapy, advances in 
the understanding of the molecular biology of cancer are 
revealing the mechanism of cancer cell growth and metas-
tasis at the molecular level, and based on this knowledge, 
targeted molecular therapy has become widely used. Of 
these targeted therapies, small molecule tyrosine kinase 
inhibitors (TKIs) are administered orally, and contribute to 

the patient’s quality of life (QOL), for example by reduc-
ing hospital visits and invasive procedures and reducing the 
burden of repeated hospital visits. However, as such TKIs 
are developed and applied clinically, it has become clear 
that adverse events with a profile different from that of con-
ventional drugs occur. This is because TKIs act at the signal 
transduction stage leading to cell proliferation, and affect 
organs and tissues depending on the signal transduction 
pathway. Therefore, a causal relationship exists between the 
kinases inhibited by TKIs and the adverse events that occur. 
For example, inhibition of vascular endothelial growth fac-
tor receptor (VEGFR) 2 is thought to cause hypertension, 
proteinuria, arterial thromboembolic events, cardiomyo-
pathy, hemorrhage, wound complications, gastrointestinal 
perforation, and reversible posterior leukoencephalopathy 
syndrome [1]. Inhibition of epidermal growth factor receptor 
(EGFR) is known to be related to diarrhea [2]. Therefore, 
we believe that adverse events can be predicted in advance 
for drugs that inhibit EGFR and VEGFR2, which is very 
valuable information for adverse event management in clini-
cal practice. In particular, serious adverse events, which can 
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Key Points 

Our findings suggest that this comprehensive method of 
analyzing kinase affinity and adverse events is useful in 
finding adverse events that are difficult to notice.

We found that nintedanib-induced hypothyroidism has 
the potential to be overlooked in Japan, and show that 
this finding could be used in clinical practice manage-
ment.

Even if bosutinib- and dasatinib-induced diarrhea is 
attributable to a combined cause, we showed that it may 
be due to an off-target kinase affinity.

2.2  Target Drugs

We included 17 TKIs that have been used domestically and 
for which the Kd was obtained as reported by Davis et al. 
[3].

2.3  Target Adverse Events

In Japan, package inserts are divided into two categories: 
serious side effects and other side effects. Serious adverse 
events that are likely to lead to discontinuation of treatment 
are listed as serious side effects. For this reason, our study 
included all adverse events listed in the serious side effects 
section of the package inserts of the target TKIs. Since 
there is no specific Preferred Term (PT) for a kinase and it 
is expected that various PTs will be reported, Standardized 
MedDRA Queries (SMQ), a comprehensive search formula, 
was used. We used the Medical Dictionary for Regulatory 
Activities/Japanese version (MedDRA/J) Version 21.0. We 
identified 37 adverse events using SMQ, which are shown 
in Table 1.

2.4  Obtaining Adverse Event Data

Severe adverse events must be avoided if possible in clinical 
practice. However, high-severity adverse events are often 
infrequent, limiting the ability to investigate adverse event 
frequency in a single center. The JADER database, pro-
vided by the Pharmaceuticals and Medical Devices Agency 
(PMDA), is a database of spontaneous reports, and relatively 
serious adverse events such as post-marketing adverse events 
that are not captured in clinical trials have been reported 
there. Since the JADER database contains only cases in 
which some adverse events occurred, it is not possible to 
calculate the original incidence rate. Although some studies 
use the reporting odds ratio (ROR) as the incidence rate of 
adverse events [4, 6], the ROR is adjusted for the reporting 
odds of other drugs to perform qualitative evaluations, such 
as signal detection [7].

We therefore calculated the reporting rates by dividing 
the number of adverse events reported for each TKI by the 
total number of reports for each TKI (Reporting rate of drug 
A = Number of adverse events reported for drug A/Number 
of all adverse events reports for drug A), because there was 
no need to correct for other drugs. The JADER database was 
obtained from the PMDA website (http://www.pmda.go.jp). 
We assumed the frequency of occurrence in clinical practice 
to be the reporting rates calculated using data reported to the 
PMDA from April 2004 to January 2018. The format of the 
JADER database complies with the International Council 
for Harmonization of Technical Requirements for Pharma-
ceuticals for Human Use and consists of four tables: patient 

easily lead to treatment discontinuation, may be monitored 
to improve patient QOL. However, the relationship between 
kinase inhibition and adverse events is only a small part of 
the picture, and many other relationships between kinase 
inhibition and adverse events are still poorly understood. In 
clinical practice, the package insert is used to provide infor-
mation on the kinases targeted by TKIs. TKIs inhibit not 
only the target kinase but also various kinases as off-target 
inhibitors not mentioned in the package insert. In contrast, 
in basic research, the kinase affinity of various TKIs to vari-
ous kinases has been investigated [3]. However, although 
there have been reports examining the relationship between 
certain adverse events and kinase affinity [4, 5], there are no 
reports that comprehensively examine the relationship. In 
this study, we combined basic data with clinical data to visu-
alize the relationship between kinase affinity and adverse 
events, which will be useful for generating hypotheses about 
possible causal relationships between pharmacological 
effects and adverse events.

2  Methods

2.1  Obtaining Kinase Affinity Data

TKIs interact with many other off-target kinases in addition 
to the target kinase. Therefore, we obtained the dissociation 
constant [Kd (nmol  1−1)] using an affinity map by Davis 
et al. that screened 442 kinases [3]. We used pKd [−  log10 
(Kd ×  10−9)] determined from Kd as the kinase affinity data, 
as in Mahé’s method [4].

http://www.pmda.go.jp


199Visualization of Kinase Inhibition-Related Adverse Events

demographic information (demo); drug information (drug); 
adverse events (reac); and diseases (hist). In this study, drug 
records where the suspect drug was involved were included 
in the analysis.

2.5  Kinase Adverse Event Correlation Map

We matched the basic data of TKIs and pKd, which is an 
index of kinase affinity, with the clinical data of TKIs and 
reporting rate, and determined the correlation between pKd 
and reporting rate. We calculated Pearson’s correlation 
coefficient (r) to see the association between the basic data 
(kinase affinity) and the clinical data (the reporting rates). 
We defined the following values as: 0.0 ≤ |r| ≤ 0.2: almost no 
correlation, 0.2 < |r| ≤ 0.4: weak correlation, 0.4 < |r| ≤ 0.7: 
relatively strong correlation, 0.7 < |r| ≤ 1.0: strong correla-
tion. Background color was added when correlation coeffi-
cients above a relatively strong correlation were found. The 
aforementioned data were used to create the kinase adverse 
event correlation map. For the kinases that we considered 
required a detailed analysis of the correlations, we created 
a scatterplot of adverse events and kinase affinity in TKIs 
as the reporting rates on the vertical axis and pKd on the 
horizontal axis to confirm the linear relationship.

2.6  Verification Method

For verification, we focused on VEGFR2 and EGFR where 
many of the relationships between adverse events and 
kinases have been clearly identified among the 442 kinases. 
VEGFR2 has been associated with hypertension, proteinu-
ria, arterial thromboembolic events, cardiomyopathy, hem-
orrhage, wound complications, gastrointestinal perforation, 
and reversible posterior leukoencephalopathy syndrome, 
but not with hand-foot syndrome, mucositis, skin reactions, 
hypophosphatemia, or lipase increase [1, 8–13]. The rela-
tionship between VEGFR2 and hypothyroidism and myelo-
suppression is unclear [1]. EGFR has been associated with 
diarrhea [2]. Therefore, we validated our methodology by 
testing whether there were correlations with pKd with the 
following adverse events: hypertension, proteinuria, embolic 
and thrombotic events, arterial, hemorrhage terms (exclud-
ing laboratory terms), hemorrhagic central nervous system 
vascular conditions, gastrointestinal perforation, severe cuta-
neous adverse reactions, and noninfectious diarrhea in the 
presence of SMQ. For sensitivity analysis 1, we used the 
ROR instead of reported proportions to identify correlates 
of hypertension, proteinuria, embolic and thrombotic events, 
arterial, hemorrhage terms (excluding laboratory terms), 
hemorrhagic central nervous system vascular conditions, 
gastrointestinal perforation, severe cutaneous adverse reac-
tions, and noninfectious diarrhea. For sensitivity analysis 2, 

Table 1  SMQ as a target adverse event

SOC System Organ Class, SMQ Standardised MedDRA Queries

SOC SMQ

Blood and lymphatic system disorders Hematopoietic erythropenia, Hematopoietic leukopenia, Hematopoietic thrombocytopenia
Cardiac disorders Cardiac arrhythmias, Cardiac failure, Ischemic heart disease, Torsade de pointes/QT prolonga-

tion
Endocrine disorders Hyperthyroidism, Hypothyroidism
Eye disorders Corneal disorders, Retinal disorders
Gastrointestinal disorders Acute pancreatitis, Gastrointestinal hemorrhage, Gastrointestinal perforation, Gastrointestinal 

ulceration, Noninfectious diarrhea
Hepatobiliary disorders Cholestasis and jaundice of hepatic origin, Hepatic failure, fibrosis and cirrhosis and other 

liver damage-related conditions
Immune system disorders Anaphylactic reaction
Infections and infestations Infective pneumonia, Toxic septic shock conditions
Metabolism and nutrition disorders Dehydration, Hyperglycemia/new onset diabetes mellitus, Hyponatremia/SIADH, Tumour 

lysis syndrome
Musculoskeletal and connective tissue disorders Rhabdomyolysis/myopathy
Nervous system disorders Hemorrhagic central nervous system vascular conditions, Noninfectious encephalopathy/

delirium
Renal and urinary disorders Acute renal failure, Proteinuria
Respiratory, thoracic and mediastinal disorders Interstitial lung disease, Pulmonary hypertension
Skin and subcutaneous tissue disorders Severe cutaneous adverse reactions
Vascular disorders Embolic and thrombotic events, arterial, Embolic and thrombotic events, venous, Hemorrhage 

terms (excl laboratory terms), Hypertension
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we used the kinase-compound activity dataset of Anastas-
siadis T et al. [14] instead of pKd to identify correlates of 
hypertension, proteinuria, embolic and thrombotic events, 
arterial, hemorrhage terms (excluding laboratory terms), 
hemorrhagic central nervous system vascular conditions, 
gastrointestinal perforation, severe cutaneous adverse reac-
tions, and noninfectious diarrhea. The kinase-compound 
activity dataset was calculated by subtracting the kinase 
activity from 100%.

2.7  Analyses

Statistical analysis was performed using SPSS v23 (IBM 
Japan, Tokyo) and assuming that r > 0.4 was correlated. 
In order to give consideration to multiple comparisons of 
correlations, the correlations subjected to verification were 
adjusted using the FDR method to minimize the risk of alpha 
error due to multiple comparisons.

3  Results

The total number of registrations with the JADER database 
during the analysis period was 504,407. Table 2 shows the 
targeted TKIs and the reporting rates. The number of reports 
on vandetanib was low because it has only recently been 
made available on the market compared to other TKIs and 
because it was only indicated for the treatment of medul-
lary thyroid cancer. The results of the correlation analysis 
of Pearson’s correlation between pKd and the reporting rates 
are shown in the Online Supplementary Material (OSM). 
We categorized them according to kinase family and pre-
sented the correlation coefficients (kinase adverse event 
correlation map). When correlation coefficients higher than 
a relatively strong correlation were observed in the kinase 
adverse event correlation map, highlighting was applied to 
visualize the strong association between kinase affinity and 
adverse events. The VEGFR2, EGFR, and EGFR families 
we validated are shown at the top of the kinase adverse event 
correlation map. The other kinases are shown in alpha-
betical order. As a result, the correlated adverse events for 
each kinase family were visualized, and the strength of the 
association could be visually confirmed. For VEGFR2, a 
correlation was found with hypothyroidism, for which the 
association was not clear in basic research. For EGFR, a 
correlation with non-infectious diarrhea was also observed 
in the entire EGFR family. For the VEGFR2 we validated, 
we found significant correlations for hypertension, pro-
teinuria, and gastrointestinal perforation that were clearly 
related (Table 3). For the EGFR we validated, we found 
significant correlations to noninfectious diarrhea that were 
clearly related (Table 3). The same analysis was performed 
using the ROR instead of the reporting rate as a sensitivity 

analysis, and similar results were obtained, although no sig-
nificant difference was observed for non-infectious diarrhea. 
The same results were obtained using the kinase-compound 
activity dataset instead of pKd, although the correlation 
coefficient became weaker due to a reduction in the number 
of kinases and TKIs (Table 4). Figure 1 shows a scatter plot 
of VEGFR2 affinity and the reporting rates of hypothyroid-
ism. The kinase affinity of axitinib, nintedanib, pazopanib, 
sorafenib, and sunitinib for VEGFR2 may contribute to the 
development of hypothyroidism.

Figure 2 shows a scatter plot of EGFR affinity and the 
reporting rates of non-infectious diarrhea. This suggested 
that inhibition of EGFR may related to the development of 
non-infectious diarrhea not only with afatinib, erlotinib, and 
gefitinib (EGFR-TKIs), which target EGFR, but also with 
bosutinib, dasatinib, lapatinib, and vandetanib, which off-
target EGFR.

4  Discussion

Since TKIs play a central role in cell-signaling pathways, a 
causal relationship exists between TKIs and the occurrence 
of adverse events in organs and tissues where the kinases are 
expressed. However, many TKIs interact with many other 
families of kinases besides the target kinase [3], making it 
difficult to understand their relationship to adverse events. 
Although it is very important for us to know the relationship 
between the kinase affinity of TKIs and adverse events for 
the management of adverse events in clinical practice, there 
are only a few reports that have comprehensively investi-
gated the relationship between kinase affinity and adverse 
events.

We investigated the correlation between kinase affin-
ity and adverse events of TKIs using the JADER database, 
which is a database of spontaneous adverse event reports in 
Japan. The kinase adverse event correlation map developed 
in this study allowed us to comprehensively visualize the 
relationship between kinase affinity and adverse events.

In the validation of this study focusing on VEGFR2 and 
EGFR, a correlation was observed for most known related 
adverse events, but not for unrelated adverse events, sug-
gesting that the kinase adverse event correlation map may 
be used to find signals to generate hypotheses for clinical 
and basic research.

No correlations were found for VEGFR-related adverse 
events with respect to embolic and thrombotic events, arte-
rial, or hemorrhage terms (excluding laboratory terms). 
The mechanism by which thromboembolism occurs has 
been speculated to be the inhibition of NO production by 
VEGF signaling inhibition, promotion of endothelial cell 
apoptosis, and platelet activation through the inhibition of 
regeneration of damaged endothelial cells [10]. However, 
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thrombotic events also occur with second-generation TKIs 
used to treat chronic myeloid leukemia (CML), which have 
little or no affinity for VEGFR2. The mechanism of throm-
botic events is thought to be the inhibition of a number of 
off-targets in cells involved in thromboembolism, such as 
vascular endothelial cells, platelets, macrophages, and mast 
cells [15]. The mechanism of thrombotic events caused by 
TKIs is complex and cannot be explained by the affinity of 
a single kinase. Other risk factors, such as older age and 
a history of thrombotic events, may have also prevented a 
correlation [1]. Hemorrhaging has been speculated to be due 
to endothelial cell dysfunction due to inhibition of VEGF 
signaling, inhibition of tissue factor secretion, and necrosis 
of vascularly infiltrated tumor tissue following treatment 
with VEGFR-TKIs such as axitinib, pazopanib, sorafenib, 
and sunitinib [10, 11]. No correlation was found for hemor-
rhage terms (excluding laboratory terms). On the other hand, 
in hemorrhagic central nervous system vascular conditions, 
there was no significant correlation. However, there was a 
trend toward a correlation, and a relatively strong correla-
tion was obtained. Due to the wide scope of SMQ coverage, 
there may be a mix of reports of non-TKI-related hemor-
rhage terms (excluding laboratory terms) and hemorrhagic 
central nervous system vascular conditions, which may not 
have been correlated in the present results.

Among VEGFR2-related adverse events, the mechanism 
for the development of hypothyroidism is unclear [1]. How-
ever, a relationship between VEGFR-TKIs and hypothyroid-
ism has been reported. It has been speculated that its mecha-
nism of development includes inhibition of iodine uptake by 
thyroid follicular cells, decreased thyroid blood flow due to 
VEGFR suppression, inhibition of monocarboxylate trans-
porter 8 (which is one of the thyroid hormone membrane Ta
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Table 3  Results of calculating Pearson’s correlation coefficients 
between reporting rates of and epidermal growth factor receptor 
(EGFR) related adverse events and product of dissociation constants 
of vascular endothelial growth factor receptor (VEGFR) 2 and EGFR

SMQ Standardised MedDRA Queries, CNS central nervous system
r > 0.4: bolded and italicized
*Significant difference
a Significance level by false discovery rate

SMQ r p SLa

Hypertension 0.65* 0.0047 0.0125
Proteinuria 0.58* 0.0142 0.0188
Embolic and thrombotic events, arterial 0.19 0.4684 0.0438
Hemorrhage terms (excl laboratory terms) 0.39 0.1168 0.0375
Hemorrhagic CNS vascular conditions 0.53 0.0289 0.0250
Gastrointestinal perforation 0.75* 0.0005 0.0063
Severe cutaneous adverse reactions < 0.01 0.9944 0.0500
Noninfectious diarrhea 0.52* 0.0309 0.0312
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transport proteins), induction of destructive thyroiditis, and 
suppression of thyroid hormone feedback on pituitary TSH 
production and secretion [16–20]. The kinase adverse event 
correlation map also suggests that we have found a relation-
ship between VEGFR2 and hypothyroidism. This suggests 
that a higher affinity for VEGFR2 may increase the risk of 
developing hypothyroidism. Hypothyroidism often goes 
unnoticed until subjective symptoms appear, and if we do 
not suspect it, the test is not performed, so TKIs with an 
affinity for VEGFR2 must be monitored in clinical practice. 
Noteworthy here is nintedanib. Nintedanib has the second 
highest affinity for VEGFR2 after sunitinib (Fig. 1). None-
theless, the reporting rate of hypothyroidism for nintedanib 
is 0% (Table 2). Hypothyroidism has been described in for-
eign package inserts for nintedanib. In contrast, in Japan 
hypothyroidism is not listed there, so it may be overlooked 
in clinical practice. Therefore, as with axitinib, pazopanib, 
sorafenib, and sunitinib, monitoring in clinical practice is 
considered necessary.

EGFR-TKIs, which target EGFR, are considered one of 
the standard treatments for patients with mutation-positive 
non-small-cell lung cancer. EGFR is expressed in epithe-
lial cells throughout the gastrointestinal tract, and diarrhea 
caused by EGFR-TKIs is one common adverse event. The 
mechanism of diarrhea caused by EGFR-TKIs has been 
attributed to a combination of factors, including changes in 
gastrointestinal motility and intestinal microbiota, and there 
are many unanswered questions about it [21]. One hypoth-
esis is that epidermal growth factor acts on  Ca2+-dependent 
 Cl− channels in intestinal epithelial cells to inhibit intestinal 
 Cl− secretion, as seen in an in vitro study [2], and this may 
be the mechanism by which EGFR-TKIs increase  Cl− secre-
tion into the intestinal tract, which in turn increases water 
secretion and leads to diarrhea. In our study, there was also 
a relationship between EGFR and diarrhea and dehydration, 

Table 4  Sensitivity analysis

SMQ Standardised MedDRA Queries, CNS central nervous system
r > 0.4: bolded and italicized
*Significant difference
a Significance level by false discovery rate

SMQ Sensitivity analysis 1 Sensitivity analysis 2

r p SLa r p SLa

Hypertension 0.64* 0.0057 0.0125 0.60 0.0412 0.0063
Proteinuria 0.58* 0.0152 0.0188 0.50 0.0985 0.0188
Embolic and thrombotic events, arterial 0.18 0.4965 0.0438 0.20 0.5282 0.0438
Hemorrhage terms (excl laboratory terms) 0.39 0.1226 0.0375 0.12 0.7007 0.0500
Hemorrhagic CNS vascular conditions 0.53 0.0280 0.0250 0.36 0.2478 0.0375
Gastrointestinal perforation 0.75* 0.0005 0.0063 0.52 0.0818 0.0125
Severe cutaneous adverse reactions 0.02 0.9544 0.0500 0.41 0.1879 0.0250
Noninfectious diarrhea 0.48 0.0538 0.0312 0.39 0.2117 0.0312
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supporting that the high affinity of EGFR is a factor in diar-
rhea and associated dehydration (see OSM).

EGFR-TKIs, bosutinib, lapatinib, and vandetanib are 
listed in the package insert as having serious side effects 
and have been warned about in clinical practice. However, 
with dasatinib, diarrhea is not listed in the serious side-effect 
section in the package insert and the warning about diar-
rhea is weaker than with other TKIs that have an affinity for 
EGFR, suggesting that clinical measures against it may not 
be sufficient. Diarrhea can cause anxiety, fatigue, and sleep 
disturbance, preventing patients from going out and poten-
tially affecting their social life [22], all of which can have 
a significant impact on the patient’s QOL and lead to non-
adherence. Non-adherence in patients with CML is known 
to affect patients’ life expectancy [23], and in CML, where 
long-term survival is observed, a reduction in patients’ QOL 
due to diarrhea may lead to non-adherence, which in turn 
may lead to a shorter life expectancy. Therefore, the reduc-
tion in QOL of patients due to diarrhea caused by dasatinib 
needs to be avoided and should be addressed as soon as 
possible in clinical practice.

The JADER database and other adverse event sponta-
neous reporting databases have several problems, includ-
ing under-reporting and reporting bias that is susceptible 
to market trends [24]. Therefore, great care must be taken 
in interpreting the results. The World Health Organization 
(WHO) defines a signal as “reported information on a possi-
ble causal relationship between an adverse event and a drug, 
the relationship being unknown or incompletely documented 
previously” [25]. CIOMS states that statistical analysis of 
the adverse event spontaneous reporting database is not a 
substitute for careful and appropriate clinical judgment, and 
shows the need for and importance of adverse event assess-
ment based on the spontaneous reporting system [7]. In this 
study, the reporting rate was used as a surrogate indicator 
of the incidence of adverse events. However, as time passes 
after a drug’s approval, less serious reactions may not be 
reported and the reporting rate may become artificially low. 
In other words, it is necessary to recognize that it is like a 
snapshot of a point in time. However, this is a limitation of 
using spontaneous reports because the ROR and the propor-
tional reporting ratio are still the reporting ratios at that point 
in time. In addition, there may be confounding factors such 
as indications, underlying diseases, and concomitant medi-
cations. Furthermore, the doses of drugs approved in Japan 
are often lower than in other countries, and there are ethnic 
differences in drug responses. In other words, signal detec-
tion using an adverse event spontaneous report database is 
a stage of risk hypothesis, and it is necessary to evaluate 
them further.

Therefore, the association between kinase affinity and 
adverse events visualized in this study cannot be considered 
causal. Of the eight adverse events for which correlations 

were tested, no correlation was found for embolic and throm-
botic events, arterial, hemorrhage terms (excluding labora-
tory terms), and hemorrhagic central nervous system vascu-
lar conditions, suggesting that caution should be exercised 
in interpreting results when the pathogenic mechanism can 
be explained by a single kinase affinity or when confounding 
factors cannot be ruled out. However, in the development 
of molecularly targeted therapies, there is a need for more 
attention to be paid to the mechanism of action.

The rate of development of molecular targeted therapy 
has been remarkable, and because of its great efficacy, it 
is widely used in clinical practice and its indications are 
expanded more frequently than other drugs. In such an envi-
ronment, we have encountered cases in which patients are 
forced to discontinue treatment due to unexpected adverse 
events and do not receive the full benefit of molecularly tar-
geted therapies. The results of this study are correlational 
and hypothesis-generating with exploratory results, but they 
are an important alert until these cause-and-effect relation-
ships can be clarified in a more validated manner. Know-
ing these results may help to visualize the risk of potential 
adverse events due to off-target effects, which are difficult 
to see in actual clinical practice, and may lead to aiding 
management in actual clinical practice.

We included 17 TKIs for which Kd were obtained in the 
report of Davis et al. as basic data [3]. However, because the 
number of TKIs available today is increasing, there are some 
TKIs that have not been studied. In addition, the data are 
based on kinase affinity only, and do not take into account 
plasma concentration. Therefore, it is desirable to have more 
basic data for the monitoring of adverse events in clinical 
practice. However, we were able to perform a comprehensive 
study of the adverse events of TKIs, which may be difficult 
to obtain in clinical practice. By calculating the correlation 
coefficient between kinase affinity and adverse events, we 
not only visualized the relationship between kinase affinity 
and adverse events, but also identified the possibility of over-
looking adverse events caused by nintedanib, information 
that could be utilized in the management of TKIs in clini-
cal practice. Even though there are multiple causes of diar-
rhea, our results can help to determine how bosutinib and 
dasatinib can be used in clinical settings to prevent diarrhea, 
even though the mechanism causing diarrhea has remained 
unclear. These results suggest that appropriate monitoring 
may prevent unnecessary chemotherapy interruptions and 
improve the life expectancy and quality of life of cancer 
patients, as well as preventing more serious adverse events 
in patients receiving nintedanib, bosutinib, and dasatinib.



205Visualization of Kinase Inhibition-Related Adverse Events

5  Conclusions

Our comprehensive analysis of the kinase affinities of TKIs 
in this study, which was based on the basic data of kinase 
affinity of TKIs and the clinical data of the reporting rates, 
suggested that our comprehensive analysis method is useful 
for generating hypotheses about possible causal relationships 
between pharmacological effects and adverse events. Our 
findings suggest that this comprehensive method of analyz-
ing kinase affinity and adverse events is useful in finding 
adverse events that are difficult to notice.
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