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Abstract

Imatinib and nilotinib are first-line treatments for chronic
myeloid leukemia (CML) patients, which act specifically against
target cells. However, these drugs may cause side effects, such as
electrolyte disturbances. This literature review aimed to provide a
comparison of the effects of imatinib and nilotinib on blood
potassium and calcium levels. It also summarized their hypotheti-
cal mechanism. A comprehensive electronic search of the different
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databases was conducted using ‘chronic myeloid leukemia’, ‘tyro-
sine kinase inhibitors’, ‘imatinib’, ‘nilotinib’, ‘potassium’,
‘calcium’, ‘electrolytes’ as keywords. This review used PubMed-
MEDLINE, Cochrane Library, and Google Scholar as the source
databases. Sixteen articles published from 2006 to 2020 were
reviewed. Changes in blood potassium levels range from
increased to decreased levels, while changes in blood calcium
levels range from the lower normal values to below normal values
(hypocalcemia). Tyrosine kinase inhibitors (TKIs), including ima-
tinib and nilotinib, have a non-specific target, namely platelet-
derived growth factor receptor (PDGFR), which indirectly affects
blood potassium and calcium levels in CML patients. The clinical
manifestations of these changes vary from being visible only in
laboratory tests to displaying a variety of clinical signs and
symptoms.

Introduction

The Global Cancer Observatory (GCO) database from
International Agency for Research on Cancer (IARC) establishes
estimates for all malignancies worldwide. Leukemia was the 15
most commonly diagnosed cancer and 11% main cause of cancer
death globally, according to the GCO database.! Chronic myeloid
leukemia (CML) accounts for about 15% of new adult leukemia
cases, with an incidence of 1-2 cases per 100,000 individuals;
while people under the age of 20 accounts for around 2.7% of all
new CML cases. CML is characterized by an excessive prolifera-
tion of myeloid tissues which usually affects men between 55 to
60 years old.?

Imatinib and nilotinib, which belong to the tyrosine kinase
inhibitor (TKI) class of drugs, are the first-line treatments for
CML patients. Imatinib is the first-generation TKI that acts specif-
ically on CML target cells; whereas nilotinib is a structural analog
of imatinib with an effect 20-50 times stronger than imatinib.3
However, these drugs can act outside the main target cells, through
non-selective inhibition of other tyrosine kinase receptors, causing
side effects such as blood electrolyte disturbances, nausea, vomit-
ing, and muscle spasm.*

Blood electrolyte disturbances that often occur in patients are
the decreased level of potassium and calcium, which cause clinical
manifestations such as weakness and muscle spasms.’ These can
affect the patient’s quality of life, especially if TKIs are used for a
prolonged time. Therefore, it is necessary to consider the side
effects that may occur during the treatment when determining
which TKIs to use.

This literature review is aimed to provide an overview and
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identify the processes involved in causing changes in blood potas-
sium and calcium levels after treatment with imatinib or nilotinib
and the clinical manifestations that may arise from these changes.

Search strategy

A comprehensive electronic search of the different databases
was conducted using ‘chronic myeloid leukemia’, ‘tyrosine kinase
inhibitors’, ‘imatinib’, ‘nilotinib’, ‘potassium’, ‘calcium’, ‘elec-
trolytes’ as keywords. This review used PubMed-MEDLINE,
Cochrane Library, and Google Scholar as the source databases.
Sixteen articles published from 2006 to 2020 were reviewed.

Tyrosine kinase inhibitors and their side effects in
patients with chronic myeloid leukemia

CML is a myeloproliferative neoplasm, characterized by the
fusion of the Abelson Murine leukemia (4BL1) gene on chromo-
some 9 with the Breakpoint Cluster Region (BCR) gene on chro-
mosome 22, producing the BCR-ABLI gene. This gene will acti-
vate the tyrosine kinase enzyme, which will increase the growth
and replication of myeloid cells until leukemia occurs. Until 2000,
treatments for CML patients were limited to nonspecific agents
such as IFN-a, busulfan, and hydroxyurea. These therapies were
developed before TKIs were discovered.?

TKIs act specifically on the tyrosine kinase receptor and inhib-
it the interaction between the BCR-ABLI gene and ATP.
Consequently, the proliferation of myeloid cells does not occur
excessively. Furthermore, TKIs can improve the 10-year survival
rate from 20% to 80-90%, hence TKIs become the frontline treat-
ment for CML patients.? The first-line TKIs for CML patients are
imatinib and nilotinib. Imatinib is the first-generation TKI that acts
competitively by occupying the ATP-binding site of the BCR-
ABLI gene and causes inhibition of the phosphorylation process.
As the result, the process of proliferation is slowed. Imatinib also
targets C-kit tyrosine kinase and platelet-derived growth factor
receptor (PDGFR), as nonspecific targets. The standard dose of
imatinib for CML patients is 400 mg once daily. Meanwhile, nilo-
tinib, a second-generation TKI, is a structural analog of imatinib
with the affinity to the ATP-binding site of the BCR-ABLI gene 30-
50 times stronger than imatinib. The dose of nilotinib for CML
patients is 300 mg twice daily.>® Most patients will have to contin-
ue taking these medications for life.°

CML has developed into a chronic condition that is also affect-
ed by age-related comorbidities, hence the clinicians should
improve their focus on the patient’s quality of life and attempt to
avoid long-term organ toxicity. The toxicity of a drug is reported
under the general heading of ‘adverse events’ (AEs) which are
divided into two, namely hematological and non-hematological
AEs. Hematological AEs include symptoms such as neutropenia,
anemia, and thrombocytopenia. Meanwhile, non-hematological
AEs are divided into ‘side effects’ that affect tolerability and qual-
ity of life which result in treatment change in about 30% of
patients, and ‘complications’ that may affect the patient’s health
significantly resulting in treatment change in up to 15% of
patients.®

Information about the patient’s quality of life is important to be
assessed by clinicians. This information can be assessed objective-
ly through laboratory examinations or directly through patient’s
medical reports with regard to symptomatic toxicities, such as nau-
sea, fatigue, and muscle spasm.’

In general, imatinib and nilotinib have a good safety profile,
although the finding of grade 1/2 non-hematological side effects is
quite common.®® Nausea, vomiting, diarrhea, fluid retention,
fatigue, and muscle spasm are the most prevalent side effects of
imatinib treatment!'?, whereas nilotinib treatment frequently results
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in an increase in cardiovascular events, particularly QT prolonga-
tion, and a skin rash.!1-12

One of the non-hematological side effects experienced by
CML patients taking imatinib or nilotinib is muscle spasm. Saglio
et al., in a phase 3 study evaluating the efficacy and safety of using
nilotinib as compared with imatinib in 846 CML patients, stated
that muscle spasm of all grades was reported more in patients treat-
ed with imatinib compared to nilotinib 300 mg and 400 mg (24%
vs 7%. and 6%).8 Furthermore, Hochhaus ez al., who studied the
same population with 5 years of follow-up, reported that muscle
spasms of all grades were still found and most prevalent in patients
taking imatinib compared to nilotinib 300 mg and 400 mg (33.9%
vs 12.2% and 11.6%).13

Based on the two studies above, it can be concluded that mus-
cle spasm is more common in patients taking imatinib. This may
occur due to biochemical changes in patients, one of which is dis-
turbances in blood calcium levels. Other musculoskeletal symp-
toms that may be associated with this disorder are bone pain,
arthralgia, and myalgia.!4

In the same study, Hochhaus et al. reported symptomatic QT
prolongation cases of all grades in 2.9% patients treated with ima-
tinib and 1.8% and 2.5% patients treated with nilotinib 300 mg and
400 mg, respectively. Syncope and seizures are among the symp-
toms reported; whereas other symptoms such as ventricular flutter,
ventricular fibrillation, ventricular tachycardia, torsade de pointes,
and sudden death are not reported.!? Inhibition of the potassium
channel’s hERG subunit causes QT prolongation in the cardiac
organ. Any change in blood potassium levels, specifically
hypokalemia, can trigger this event. Nilotinib should be avoided in
those who have a long QT syndrome.!'#!5 A summary of literature
related to side effects of TKIs in CML patients is shown in Table
1.7:8.11,13,14,16,17,18

Considering that TKIs can be administered for a prolonged
time, low-level side effects can also affect the patient’s quality of
life. Therefore, when choosing the first treatment to be adminis-
tered, the clinician must consider the efficacy, tolerability, and tox-
icity of the drug.%16

Effects of tyrosine kinase inhibitors on blood
potassium level

Imatinib and nilotinib, in addition to act on the main target cell,
namely the BCR-ABLI gene, also act on the PDGFR which may
cause kidney disorders and affect blood potassium levels.1?
Marcolino ef al. did a retrospective investigation in 100 CML in
chronic phase (CML-CP) patients, and Yilmaz et al. in 253 patients
with CML-CP treated with imatinib, reported the incidence of
acute kidney injury in 7 and 19 patients, respectively, with blood
potassium levels remain below the level considered for diagnostic
criteria of tumor lysis syndrome, hence it can be concluded that the
patient’s blood potassium level was not increased. The result of
this study also did not mention whether blood potassium levels
were within normal range or had decreased, thus the effect of ima-
tinib treatment on blood potassium levels in CML patients was less
known.!9-20

In contrast to the above studies, a phase 3 study conducted by
Chuah ef al., in comparison of the safety of dasatinib and imatinib
treatment in 260 patients with CML-CP in East Asian and non-East
Asian populations, reported the incidence of grade 3/4 decreased
blood potassium levels in 2 of 48 patients from the East Asian pop-
ulation and 4 of 210 patients from the non-East Asian population.?!

Moreover, Wang et al. completed a phase 3 trial which evalu-

OPEN 8ACCESS



I0JIqIUT ASRUIY DUISOIA] ‘[, ‘S1UIAD DSIAADE 10] BLIAILID AF0[0UILIA] UOUILIOD ‘FyD) L) ‘aseyd JIu0JYD Ul eIUIAYNA] PIOJaAUI DTN - ‘BIUIAYNA] PIOJOA JIUOYD TN {SIUSKD BSIAADR ‘AY ¢ 'p107 ‘@IMNSu] 551G euurof 1, §UISn) ;51107 ‘70 70 YOWOY -, Suisn oy

“ysed upys pue ‘vone§uojoxd [{) A][e10adsa ‘sJuaAd Je[nISeAOIPIR) 213M

sjuatyed ay) ur paLINd0 Ajjuanbaiy Jey) s198J38 apIs Ay,
“sjuaryed N0 Jo uonendod A1ap|a ayj sjuasaidal Apnjs sy,

s[oad wnissejod poojq s juared

3} YJIM PAJeId0SSe ST pue uonesuojoid [{) jo uLioj ay) ut
punoj ua}jo St BIwyIAYLIe ‘uonIppe U] £poq Ay} Ul uorye[ngar
WNIO[R) Ul SAIURGIN)SIP JO 3SNBIA] INI0 ARW JOPIOSIP SIY,
“quunojiu uey qruryews urye) sjusrjed ut Jus[essid siow pue

103159 9IS [B}9[2YSO[NISNUI UOWIWIOD IS0 Y SI wseds (SN}

rep 901y Bur ¢ qruNIo[IU partadal
$1eak G¢ J age uBAW © YIM JD-TIND UM Sjuaried ([

*$9IpN)S 1009 A1399dS01391 pue sAdRds0Id
JO MIIASI ® ST J1 9SNIAQ $193[qNS OU SRy A[ITIe SIY,

2310y YINOG Ul
d0-TIND U sjuatyed jo Apmjs p aseyd ur

quunofiu Jo A1ajes pue K9royjje ay Jo uoen[esg 810z P ug g

“JUBUIIRAI) T UI SJUBAD SSIAADR JO JOURPIOAR
pUe Juawafeueul aY) 10§ SUOIRPUAWIIOY 1,907 /0 10 UURWSAR)S G

"(%5'7) 8 () qrunojru pue (v6g1T) Sur 0og qrunofu uey)
046°7) quunew Surye) sjuaned ur UOWWIOI 0w pajiodal
(966'7) qruryeuwt Surye) sjuored ut p

YOIyM Ut wa)sks Suniodar se yons ‘FyoL0) SISy
130UR) [RUOIJRN] A1f} I9PUN S)UAWIBINSLAU PAZIPIRPUR)S
§ursn A[2A1193(q0 PaASIYIR A URD UOIRUIULINAP SIY],
"passasse aq 03 Jueliodut ST (QUIO[IU 10 qIUITRWI) STy,

Sueoal syuaried T Jo Apenb 8y ay) SuipreSai uonewioju

“quunewt yym pajean (%yg) syusted 19 pue

“BU )y qunojtu yym pajea) (669) syusned J1

8w (¢ qunoju yim pajeary (95,) sjuened (g

u1 pajiodad sem wseds apasnyy uaesd.d

alow aJam eadope pue ‘ysel ‘snjunid ‘9yorpesy
‘sjuarjed pajea]-qIuIo[Iu Ul A[Iym Juajeadld dlow
9IaM wseds dSNU pue ‘eWdPa ‘GUNIUIOA ‘BISNRU
‘sjuarjed Pajeau}-qIUIRU U] ‘[[eIA0 UOWIWIOUN JIIM
B/¢ SOpRIS JO $1UBAS SIaApe [RIIS0[0IRWAY-UON

"M3IADI © ST 1 98NLI $123[qNS OU SeY| JdnL SIY ],

‘jrep 201} S () qrunjojiu pue 4jrep a1} Sw (g qrunofu
‘[rep 90U Hu () QIUIeW! JO WLI0J SY) UT JUSUIIRa)

I3, 9AI9I31 0] OTJel [:]:] UI PAUSISSe AJopuel a1am
(d0-10) aseyd ooy ur T Y sjuaed g8

e el | mva—Q%E JTUoIYd YIrm wuﬂuuma.wm ur sI03IqIyur oseurnyy Qﬁmwo.-,b JO S3199JJ2 IPIS 03 PAE[I 2IMBINIT *T I[qe],

0s[e sem uorjesuojoud 1) aewojduwAs ‘uonyippe uf m

(969'11) St 00y pue (96g°¢1) Suw (0g qrunofIu uey) ‘jrep 89uo Su 0 qruryewt pue 4jrep sduj Sul () quno[Iu “dn-moj[oj s1eaK G 1a1Je d)-TIND YIIM =

(966°¢¢) quuryewr Guryey sjuaried ur juayessid aiow pue ‘[rep 801} S ()¢ qIUNO[IU JO ULIOJ AU UT JUSWIIRAI] [y, sjuaried ur ‘qruryew ym patedwod se -
paji0dai (s a1am SapRIS [[B Jo Swseds d[osnul [eIAQ) UBAIS QoM dD-TIND Yam S3uatzed gpg ‘onel [:]:] U] ‘qIUIO[IU JO $}1JaUa] WIS)-5UO] pue SYSU Y, col0Z D712 SIRYYIOH b
“quofu Furyey 1a1e dj1] jo Krenb S

wn

panoidui pajiodau os[e sjuared ayj ‘uonippe uf “(sfep g7 = 910k 1) sajakd 7] 10 A[rep 9wy Sw Qg ‘sjuared w

“$juatjed paJea)-qIUIJRWI Ul SJUIAD SSIBADE QIUIOIU 0] PAYIIIMS dIaM Ay, "y J150[0JRWAY-UOU TTIND UI STUSAS 9SI3APE PAJR[AI-qIUTIeu! i~

3PRIS-MO[ JIUOIYD BAJ0SAI USAD 10 3INPAI 0} 7/1 9peis paouaLIadxa d)-TIN) Y sjuarred 76 3pRIS-MO[ JIUOIYD UO qIUIIO[IU &

£§37013 9AT10B}J UB SI QIUTO[IU 0] JUSUINeaI) SUIYIIMG ‘SyIuOU ¢ 1SB9] JB 0j qIurjew! SUIAIBdAI JaYjy 0} SUIYIIMS JO J09]3 A} JO UOIRN[eAY 09107 ‘P12 sU0) ¢ 2
*$pI003. [eaIpaul ,sjuaijed ur pajiodar a1e 9say, ‘wseds s[osnul pue ‘angiyey m
‘®aSNEU S Yons 4310rx0] onewojdwiAs Suniapisuod Aq Aj3oadip 10 g
‘SanIewLIOUqe A10Je10qe] Ajjsou ST AJ191x0) pajiodai ay ©)

*SI0JIqIYUI 9SRUDY SUISOIA) SUIAIR)RI Sjustjed

T 1 3j1] jo Aiifenb jo Jusussassy 9108 220wyl g

“sjuaryed D pasouserp Aimau ur

qIuIyRW PUR QIUIO[IU UAAM)A] UosLRdwI0]) Q0107 waonfes ]

OPEN 8ACCESS



ated the efficacy and safety of using nilotinib as compared with
imatinib in 265 patients with CML-CP in China, reported the inci-
dence of decreased blood potassium levels of all grades was more
prevalent in patients treated with imatinib (50%) compared to nilo-
tinib (21.1%).2

Meanwhile, Hasan et al. performed a prospective study in 30
nilotinib-treated CML patients reported an insignificant decrease
in blood potassium levels when compared to the healthy control
group. When comparing the blood potassium levels before and
after nilotinib treatment, there was also an insignificant decrease in
blood potassium levels.?3

The prospective study of Hochhaus et al. about the evaluation
of the efficacy and safety of nilotinib treatment in 1089 patients
with CML-CP reported changes in the patient’s blood potassium
levels which include an increase in blood potassium levels of all
grades (13.5%) and a decrease in blood potassium levels of all
grades (12.5%).2* A summary of literature on the effects of TKIs
on blood potassium levels in CML patients is shown in Table
.1920.21,2223.24

Overall, the above discussion suggests that changes in blood
potassium levels can occur in CML patients treated with imatinib
or nilotinib. In imatinib treatment, blood potassium levels tend to
decrease; whereas, in nilotinib treatment, blood potassium levels
can increase or decrease. When the two TKIs were compared, the
decrease in blood potassium levels was more prevalent in imatinib-
treated patients; whereas patients treated with nilotinib had a high-
er rate of increased blood potassium levels. It is unclear what caus-
es changes in blood potassium levels due to imatinib and nilotinib
treatment, but there are several mechanisms associated with dam-
age to the kidneys that might be involved in these alterations.

The reabsorption process of chemical substances, including
potassium, in the renal tubules, is an active process that depends on
energy (ATP). ATP is produced from the mitochondria contained in
renal tubular cells, thus the demands of energy in the reabsorption
process is always guaranteed. ATP will be used by the Na*/K*-
ATPase pump to maintain the electrochemical gradient needed in
the potassium reabsorption process.?> Emadi ef al. in his experi-
mental study on imatinib-treated rats reported a disturbance in
mitochondrial membrane function which might be the result of
imatinib cellular toxicity, thereby reducing the production of
ATP.?

About 25% of blood from the total cardiac output will flow
from the heart to the kidneys. The blood flow of patients taking
imatinib and nilotinib contains the drugs’ metabolites. When these
metabolites are exposed to the cells along the renal tubules, the
cell’s sensitivity to injury will increase upon subsequent exposure
to nephrotoxic substances because the cells are located in a rela-
tively hypoxic environment, due to the high metabolic require-
ments associated with active solute transport by Na'/K*-ATPase
pumps. These metabolites will then be reabsorbed by renal tubular
cells through human organic anion transporter (HOAT) and human
organic cation transporter (HOCT) in peritubular capillaries.
Because of competition for apical secretory transporters and loss
of function mutations in these transporters, toxin excretion in the
urine is reduced. Meanwhile, the high accumulation of toxins in
lysosomes will be released into the cytoplasm of the cells and
results in mitochondrial injury and dysfunction of the phospholipid
membrane which eventually leads to apoptosis and necrosis of
proximal tubular cells.2

Under normal conditions, injury to the renal tubules will
enhance the expression of PDGFR for renal tubular regeneration.
PDGF increases mesangial cell proliferation and the formation of
the extracellular matrix. However, PDGFR can be inhibited by
imatinib and nilotinib through an inhibitory effect outside the main
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target cells.!” Several studies have stated that imatinib inhibits the
tubulogenesis process (tubular regeneration) in the kidney through
the PDGFB/PDGFR axis after acute kidney injury, thus the number
of active tubular cells in the kidney is reduced. This will interfere
with the reabsorption of glomerular filtrate, including potassium.
The potassium that is not reabsorbed will be excreted into the urine
and if it occurs continuously, it can cause a decrease in blood
potassium levels. The reabsorption process will continue to be dis-
rupted as long as the regeneration of the renal tubules is inhibited
by imatinib.!920

Meanwhile, the consequence of nilotinib treatment on the kid-
ney organ is still unknown. Iyoda et al. who studied nilotinib in
people with chronic kidney disease stated that nilotinib has a pro-
tective effect on the kidneys, by attenuating kidney injury through
the reduction of upregulation of fibrosis-associated genes, such as
collagen type-I, fibronectin, and PDGF-f. Thus, the inhibition
effect of PDGFR by nilotinib is milder than imatinib. However, the
tubulogenesis process may remain disrupted after injury but with
less intensity.?” As a result, the reduction in blood potassium levels
is milder. The mechanism associated with an increase in blood
potassium levels in CML patients treated with imatinib and nilo-
tinib is still unknown.?’

The clinical manifestations of the decreased blood potassium
levels differ depending on the severity of the condition. The low
decrease may only be seen through laboratory tests, without signs
and symptoms; while a moderate decrease will cause mild signs
and symptoms, especially in the elderly and people with a history
of heart or kidney disease. Furthermore, a large decrease in blood
potassium levels may produce a variety of signs and symptoms
from muscle spasms to arrhythmias.?® Meanwhile, the clinical
manifestations of an increase in blood potassium levels are similar
to the those shown by the decrease in blood potassium levels.26
Other factors that may affect blood potassium levels in CML
patients include a history of diabetes mellitus, hypertension, kid-
ney disorders, and the usage of drugs that might affect the potassi-
um levels such as potassium-sparing diuretics (e.g., spironolac-
tone), ACE inhibitors (e.g., lisinopril), and ARBs (e.g., valsar-
tan).22-29-31 These drugs will cause potassium retention, and even-
tually hyperkalemia.3? To date, hyperkalemia is reported as
adverse events of TKI treatment. There is a lack of study about
possible interaction between TKIs and the mentioned drugs above.
Figure 1 depicts the summary of the mechanism of the TKI influ-
ence on the blood potassium level.

Effect of tyrose kinase inhibitors on blood calcium
level

Besides working on the main target cell, namely the BCR-
ABLI1 gene, imatinib and nilotinib also acts on the PDGFR which
can affect blood calcium levels through alteration on calcium
metabolism.> A study by Berman et al. in 63 CML patients who
were treated with imatinib reported that these patients had low-nor-
mal blood calcium levels accompanied by low blood phosphate
levels when compared to the healthy control group.3? The prospec-
tive study conducted by Hasan ef al. in 30 nilotinib-treated CML
patients reported a significant decrease in blood calcium levels
when compared to the healthy control group; whereas the compar-
ison of blood calcium levels before and after taking nilotinib also
showed a decrease, but not significantly.?

Furthermore, a phase 3 study conducted by Wang et al., evalu-
ating the efficacy and safety of using nilotinib as compared with
imatinib in 265 patients with CML-CP in China, reported that the
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decrease in blood calcium levels of all grades was more common
in patients taking imatinib compared to nilotinib (50.8% vs
34.6%).%2

Matti et al. conducted a cross-sectional study in 95 CML
patients who were divided into three groups, namely imatinib 400
mg, imatinib 600-800 mg, and nilotinib 800 mg, which aimed to
see long-term side effects on blood calcium levels by administer-
ing imatinib with the duration ranged between 1-134 months and
nilotinib between 2-23 months. This study showed a greater
decrease in blood calcium levels in the imatinib group than in the
nilotinib group, as well as an insignificant decrease in blood calci-
um levels in the imatinib group at different doses.>*

O’Sullivan et al. conducted a prospective study of 9 newly
diagnosed CML patients receiving imatinib treatment for 24
months and reported significant changes in blood calcium levels

vpress

below baseline at 3 months after imatinib treatment. Furthermore,
there was no change from the third month to the eighteenth month
in blood calcium levels.3> O’Sullivan et al. then conducted a cross-
sectional follow-up study in 10 CML patients who were treated
with nilotinib for 12-54 months and found that the patients’ mean
blood calcium levels were in the lower range of normal values.
However, it should be noted that these patients had previously
received imatinib treatment for 9 months.3® A summary of litera-
ture on the effects of TKIs on blood calcium level in CML patients
is shown in Table 3.22:23.33.34.35.36

Overall, the above discussion suggests that the blood calcium
levels of CML patients taking imatinib or nilotinib tended to
decrease and below normal values, where this decrease was more
prevalent in imatinib-treated patients. Referring to O’Sullivan et
al. study in nilotinib-treated patients, changes in blood calcium
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Figure 1. Mechanism of tyrosine kinase inhibitors’ effect on blood potassium level. ATD, adenosine triphosphate; CML, chronic myeloid
leukemia; HOAT, human organic anion transporter; HOCT, human organic cation transporter; PDGE, platelet-derived growth factor;

PDGEFR, platelet-derived growth factor receptor.
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levels were not necessarily caused by nilotinib itself, because the
patients had previously been treated with imatinib for quite a long
time, namely 9 months. In addition, the small number of patients is
a limitation to this study. Furthermore, the duration of treatment
might affect the patient’s blood calcium levels, as demonstrated by
Matti et al. study in which a longer duration of imatinib treatment
led to larger changes in calcium levels.343¢

Some studies suggest that decreased blood calcium levels may
be related to the effect of imatinib on PDGFR and colony-stimu-
lating factor 1 receptor (CSF-1 receptor). PDGF, which is a chemo-
tactic and mitogenic agent for cells derived from mesenchymal tis-
sue, divides into PDGF-A which binds to PDGFR-0 and PDGF-B
with PDGFR-B. PDGFR-a expression in mice osteoblast cultures
showed a direct effect on the proliferation and differentiation
processes of osteoblasts. When imatinib inhibits the PDGF-
A/PDGFR-a axis, there is an inhibition in osteoblast proliferation,
but increased activity in osteoblast differentiation from a preexist-
ing pool of osteoblast precursor, thus the bone formation increases.
However, this process will decrease as the treatment progresses
because the pool of osteoblast precursors is depleted by the anti-
proliferative and pro-apoptotic effects of imatinib.33-33

The activity between osteoblasts and osteoclasts is closely

related because of the interaction of the receptor activator of
nuclear factor kB (RANK) ligand on osteoblasts with its receptor
RANK on osteoclast precursors. The presence of macrophage
colony-stimulating factor (M-CSF) which is secreted by stromal
cells and osteoblasts which bind to the colony-stimulating factor 1
receptor (C-FMS) on macrophages are required for macrophages
to mature into osteoclasts. While on imatinib treatment, activation
of C-FMS by M-CSF is inhibited, thus interfering with the devel-
opment of macrophages into mature osteoclasts. This suggests an
indirect effect of imatinib on osteoclasts via PDGFR-a inhibition
in osteoblasts. Imatinib also directly inhibits osteoclasts through
PDGFR-B, hence the osteoclast development and bone resorption
process decrease.?33% Those effects will result in decreased calci-
um dissolution from hydroxyapatite and decreased blood calcium
levels in patients.

The effect of nilotinib is similar to that of imatinib, the differ-
ence is that c-ABL and PDGFR inhibition can have a neutral or
inhibition effect on osteoblast differentiation, depending on the
dosage that has been administered. At a lower dose, c-ABL inhibi-
tion is more dominant, resulting in an inhibitory effect on
osteoblast differentiation; whereas, at a higher dose, c-ABL inhibi-
tion is balanced by PDGFR inhibition resulting in a neutral effect
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in the form of increased osteoblast differentiation.3® Therefore, the
difference in the decrease of blood calcium levels between ima-
tinib and nilotinib treatment is not that great.

Decreased blood calcium levels have a variety of clinical man-
ifestations that range from a small decrease, which may only be
seen through laboratory tests and without signs and symptoms, to
a large decrease that has symptoms such as fatigue, muscle spasm,
and QT prolongation.3” Other factors that may affect the blood cal-
cium levels of CML patients include a history of diabetes mellitus,
hypertension, and kidney disorders.?23438-40 Figure 2 depicts the
summary of the mechanism of the role of TKI influence on the
blood calcium level.

Conclusions and discussion

It can be concluded that the changes in blood potassium levels
of CML patients are in the form of an increase and a decrease;
meanwhile, changes in blood calcium levels range from the lower
normal values to below normal values (hypocalcemia). This effect
occurs because imatinib and nilotinib act on PDGFR. Changes that
occur vary from the abnormality in laboratory test results to the
symptomatic toxicities such as muscle spasm and QT prolonga-
tion. Overall, grade 1/2 adverse events were common and could
affect the patient’s quality of life.

In daily practice, CML patients who are treated with imatinib
or nilotinib should routinely check their blood electrolyte levels,
both before and during treatment. In addition, when the patient
comes for a consultation, it is necessary to ask about the clinical
complaints experienced during the treatment. If the complaints are
very disturbing and supported by the abnormal values in the blood
electrolyte tests, the clinician should change the treatment used by
the patient. In terms of scientific development, this literature
review can serve as the basis for further research on damage to the
kidneys that affects blood potassium levels in CML patients taking
imatinib or nilotinib, and the possible interactions between TKIs
and drugs that might affect blood potassium and calcium levels in
CML patients.
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