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Abstract

Drug Interaction between Tyrosine Kinase Inhibitors and Antacids

by Bussaba Trakarnsanga
Cytotoxic Compounding Unit, Pharmacy Department, King Chulalongkorn
Memorial Hospital, Bangkok, Thailand

In the past decade, Tyrosine kinase inhibitors (TKIs) have been approved as
a treatment for hematologic malignancy and several types of cancers. Since then,
they have been extensively prescribed due to their convenient route of
administration as oral tablets. However, there are some concerns regarding drug-
drug interactions, which may affect the efficiency of the treatment. Antacids, which
are also prescribed for many cancer patients during treatment, can increase gastric
pH and decrease TKIs solubility, bioavailability, and treatment efficacy. The
information concerning the uses of TKIs with antacids is still limited, and there is
no standard recommendation regarding the combination use of both drugs for
cancer treatments. Therefore, this review integrates pharmacological data and
results from the combination-use trial to provide a guideline for using both drugs
that minimize drug-drug interactions and retain the TKIs treatment's efficiency.

(Thai Cancer J 2021;41:37-48)

Keyword: cancer, targeted therapy, antacids , drug interactions
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MINA 1 qmﬁnﬂ’@mﬁmmﬁmamwmmm Tyrosine kinase inhibitors’

Fom Teymaeen’ fﬂmmﬂmsaanqﬂé Msazae pH-dependent
VYo9EN solubility

Afatinib EGFR laifidoya Taifina

Alectinib ALK laifidoya laifiwa

Axitinib VEGFR 7 pH 1.1 aza0'1@ 1.8 me/ml, laifidoya
#i pH 7.8 aza10'14 0.0002 mg/ml

Ceritinib ALK laifidoya et

Crizotinib ALK, ROSI 7 pH 1.6-8.2 azae1danasain >10 mg/ml 12904
§4.<0.1 mg/ml M pH ALty

Dabrafinib BRAF V600 kinase ”laiﬁsﬁlmga Lﬁm%’m

Dasatinib BCR-ABL receptor ‘IC/!I pH2.6 azaold 18 mg/ml, Lﬁﬂ’;‘ﬁ}m
7 pH 7.0 aza10'1§ <0.001 mg/ml

Erlotinib EGFR i pH 2 azane IR nfiqatszina 0.4 et
mg/ml uazazazaeldanauiie pH>s

Everlotimus mTOR 17] pH 2-10 azaneld 0.1 mg/ml Tsifina

Gefitinib EGFR 7 pH 1 8221018 21 mg/ml, et
7 pH 7 8221018 <0.001 mg/ml

Tbrutinib BTK lifidoya lutina

Imatinib BCR-ABL receptor i pH < 5.5 aza16']8 100-10000 mg/ml vaz  liifidoya
vravawldanadi pH figaniiil

Lapatinib HER?2, EGFR 7 pH 1 8221018 0.001 mg/ml fertoq

Lenvatinib VEGFR, FGFR, PDGFR lifivoya Taidina

Nilotinib BCR-ABL receptor, c-kit 17] pH1 azaw'ld 1-10 mg/ml, Lf;EJ’JﬂBIJm

and PDGFR 7 pH 2-3 aza10'14 0.1-1 mg/ml,

7 pH 4.5 aza10'1d <0.1 mg/ml

Nintedanib VEGFR, FGFR, PDGFR 71 pH 1-4.5 82a10)& 5 mg/ml Rertoq
7 pH >6 azaeldosun

Olaparib PARP liifidoya Taifima

Osimertinib EGFR laifidoya Taifina

Pazopanib VEGFR, PDGFR, 7 pH 1.1 aza18'18 0.65 mg/ml et

¢-KIT and FGFR
Regorafenib VEGF llajﬁﬂi’aga Tyitina
Ruxolitinib JAK liifidoya Taifina
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Y9N solubility

Sorafenib VEGFR, PDGFR, RAF 7 pH 1 aza10'14 0.00034 mg/m, laifina

kinases 7 pH 4.5 aza10'14 0.00013 mg/ml
Sunitinib PDGFR, VEGFR 7 pH 1.2-6.8 aza10'14 25 mg/ml 1Az et

azazan|danasii pH ﬁqaﬂ’hﬁ

Trametinib MEK “111'536191’@3@ litima
Vemurafenib BRAF 600E kinase ]lijflﬁﬁjﬂllua ltima

]
=~

*519m301 TKIs Nvunziboneluilszmea lnedoyail w.a. 2562, ALK = anaplastic lymphoma kinase, BRAF = proto-

oncogene B-Raf, BTK = Bruton tyrosine kinase, c-KIT = Proto-oncogene c-KIT, EGFR = Epidermal growth factor

receptor, FGFR = fibroblast growth factor receptor, HER2 = Human epidermal growth factor receptor, JAK = Janus-

associated kinases, MEK = mitogen-activated protein kinase, mMTOR = mammalian target of rapamycin, PARP = Poly

(ADP-ribose) polymerase, PDGFR = Platelet-derived growth factor receptors, ROS1 = gene ROS1, VEGFR = Vascular

endothelial growth factor receptor
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Histamine YU parietal cells Tunszimizga1nis
o Y < = a A
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TKIs £19ANIA wamsanmuszavenlumen Muuzan
(91983NAANIANVEN) (81999910 Medscape; Drug
interaction checker)

Alectinib Esomeprazole 40 mg lufinaniamsinen laifidoyaen alectinib Tugmdoya
Axitinib 5 mg (day5)  Rabeprazole 20 mg OD AUC anasdovay 15° asiimsthanauedalndsa

3 hours after (dayl1-5) Cmax 89835080 40 1119991081 rabeprazole INNTEADEN

M 1o & £ @ . 1 a=m

rabeprazole ua lusuilude s Suvinaen axitinib HIUMTUAIUO TNV

4
ou'la] CYP3A4
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MINi 2 Hadeszaun ludeannms 193 miuresesn TKIs §ruenaansa uazd uugimMIuimsosmnu’ (fe)

TKIs #19ANIA wamsfnEmuszaveluasn Muuzi
(91993NBNANIMNVEN) (81999910 Medscape; Drug
interaction checker)
Ceritinib 750 mg (day 6)  Esomeprazole 40  AUC anad 308a 76 wanaeams 1 uiunieden
mg OD (day1-6) Cmax anad Sovaz 79" maﬂniﬂﬂtjuﬁ'mmu
Ceritinib 750 mg (day 6)  PPIs (day1-6) AUC anad Josaz 30 wanaeams 1 wiunieden
Cmax anad Sosay 25 g1aANIANGUEUINY
ua lifnaniamssamn
WoNINTINAIAMIANEINT 19013 i
Tuszezen lifinademdsvaumans uaz
152 @NTHAVDIY Ceritinib'®
Crizotinib 250 mg Esomeprazole 40  AUC aaas3auay 10 asimsthAaauedialndsa
mg OD (day1-5) e lilnanoMssnmn
Dabrafenib PPIs, H2RAs, lutinamsAneimivayunaninaiin asimsthaeauedalndsa
Antacids
Dasatinib 100 mg (day 5)  Omeprazole 40 mg  AUC anad 3080 43 wanaeams 1 wiuniedon
OD (day 1-4) Cmax anad So8a 42 maﬂﬂmﬂfjuémmu
Dasatinib 50 mg aluminium AUC anad Jovaz 55 waniasams 193y
hydroxide/ Cmax 8Aa3 To8az 58
magnesium uuz115UY T2 NI antacids WAV
hydroxide 30 ml Dasatinib 2 %I’JIZN
Erlotinib 150 mg Omeprazole 40 mg ~ AUC anad 50802 46 wan@eens 195wy

Erlotinib 150 mg

(day3 2 hours after
ranitidine)

Erlotinib 150 mg

(day3 2 hours before and
10 hours after ranitidine)

Erlotinib

Gefitinib 250 mg

OD for 7 days

Ranitidine 300 mg
OD (day 1-5)

Ranidine 150 mg
bid (day1-5)

Antacids

Ranitidine 450 mg

Cmax 8984 3980 61

1 é aa 1] d'
Tmax HazAIATIFINV0981 i lasuuilag
AUC anad So8az 33

Cmax 8Aad 980y 54

AUC a9l o080z 15
Cmax anad S98ag 17

laifidoya

1 pH>5 AUC anad Souaz 47
Cmax anad S98ag 17
Median Tmax 13910 5 . (1)1 6 3.

MmasedInvee lunlasumlag”

= d' Y [ a
nanaeans 19510 U ¥ndiaNw
o o ya 1
3131 uuziih l¥inuen H2RAs Ao Y
Erlotinib 10 %Y. %58 a4 Erlotinib

2 ¥,

FulsgnueIngy Antacids now
Erlotinib 4 ¥3. 1150 Wa4 Erlotinib 2 .
FuUsENIUe gefitinib 111991081 PPIs
12 w30, SUU5EMU gefitinib H19910

81 H2RAs/Antacids 86191708 6 ¥,
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TKI g1annsA wamsAnEIMuIzavelaen Muuzi
(198 3MNBNANIMNVEN) (81999910 Medscape; Drug
interaction checker)

Gefitinib 250 mg Ranitidine 450 mg ‘171 pH>5 AUC afaaN fovaz 47 sutsemuen gefitinib 1IN

Cmax anad Sovaz 17 PPIs 12 %.

Median Tmax n910 5 %3 1511 6 %1, FuUsEnIue gefitinib 1991087

AnsaF3avesen lunlaoulas” H2RAs/Antacids 9619398 6 5.
Imatinib 400 mg (day5) Omeprazole 40 mg  AUC, Cmax 1azfesa33avasen’ly) liifisunsnsenvesen

Lapatinib 1250 mg (day1-14)

OD in the morning

Nilotinib 400 mg (day6)

Nilotinib

Nilotinib

Nintedanib
Pazopanib 800 mg OD in the

morning

pazopanib

(day1-5)
Esomeprazole 40
mg OD (day 8-14)
OD 3 hours before
bedtime
Esomeprazole 40
mg (day1-6)
H2RAs

PPIs and H2RAs

PPIs and H2RAs
Esomeprazole 40
mg OD in the

evening

PPIs and H2RAs

wlaeunias

AUC anad fogag 26

Tae pH TunsznzoMTILAUN 2
Funnn 4 NaIRU esomeprazole 11
ualed1atios 3 wu."”

AUC anad fogaz 34

Cmax aaad Tosay 27

lufidoya
lifinadendsvaumansuazilszdnsna
49981 Nilotinib 1141178 Philadelphia
chromosome positive AML”

Ctrough liin/aouilas

AUC aaad fo8az 40

Cmax 8Aa4 T08ag 40

Ctrough anasio0Az 36

liifinage PFS naz 0s Tudihe mrcc

ausoldsauiuld 2

o

lifisuasnseveset ansaly
jaudu lamudiuuziiives US
FDA ua Jinuzii 1919358y
MuANULHIVDI EMA
waniaeams 195 uiu ierden
Eﬂﬁﬂﬂ‘iﬂﬂt’jll’émmu
FUUIEN1UINgN H2RAs NO U
Nilotinib 2 ¥1. ¥3® ¥4 Nilotinib
10 3. 5U152N U1 nilotinib 1119
91081 antacids 98191108 2 .
liifiduasnsenvesen
wanideans 193 wiuniedens
aansanguanuny Taseuisald
fauiu ldmudugiiives EMA
walduuzi 19 lds1uduaiu
AuzIvod US FDA
mniianusuudealdeor ppis 19
fuilsgniuen PPIsaoulFIuas
Fudsgmiuen Pazopanib AOUTN DY
4 Suazadinouiiu
winianusniudealde1 H2RAs
151158 N1181 Pazopanib Aeuties
914 ABUYT H2RAs 06191108 2 %11,
W30 06191708 10 ¥3.MS981 H2RAs
mndanusuiudealder antacids
1%5 1152 N 1181 Pazopanib Ao U
antacids 0819108 1 ¥3. 30 9814

1198 2 ¥, M98 antacids
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AUC = Area under the curve, Cmax ﬂ@igﬂUﬂWWllﬂ'NIJLEUNﬂluﬁﬂﬁﬂiuﬂigllﬁlﬁﬂﬂ, Tmax A9 IATNUANUVNUY

U a

yoen lunszuamnengaiga, Ctrough A szaunNlANMI T Toogalunszumaon, PFS = Progression

free survival, OS = Overall survival
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o1 TKIs Tungquin ldsuenaansasau Tag Chen
23 =1 ya o o < 9
wazaue” Tagn1anugITeiin1snudoya
9 [Y] 1 Y
Lmuaauwaﬂuﬂgwﬂw Non-small cell lung
cancer ﬂfﬁﬂ‘ﬁﬁ EGFR mutation 91434 269 518
A Y v . Y '
nlasven first generations TKIs Taun o1
Gefitinib 118281 Erlotinib 7uN181 PPIs 4agen
1 [ A A 9
H2RAs Wunguilsgsinsiiszezinarlsen
$AUAUNINN NI DAL 30 YOI 1N 1Fe1 TKIs
é =1 9 a ] .
FallszuuIesas 21.2 Aaa1Na progression
free survival (PFS) TunWuAuuanA1908193)
Wod AN NanATZHIN 2 ngu (PFS; naud b
1¥e1aansariialasin 11.2 @y, nquilden
[ A T A 9 1
H2RAs 393 9.4 1AoU, naui 141 PPIs 593 6.7
A L= .
1A0U; P=0.234) UAU A1 Overall survival (OS)
1 d' 9 1 [ 1 =
anavlunguilszrinsnldersiunuegial
9 o 7 an 1 d' ] 9
Wedagynieana (0S; ngui lilderaansa
A ' A 1 oAq Y '
¥HAlATIY 25.0 oY, NguN 1581 H2RAs 593
A T Aq Y ' A
15.5100U, nguN 19581 PPIs 591 11.31A0U;
P=0.002) Tagtawiz TunguninsunInIze
9 1 1 Aq Y ' 14
WA NYUN19819ANTATINAIY WL OS
o': ' ' v d’ = [ J d' 1 IJq 9
fmnNedFauieieunungui 1u'la lde
aansa (11.81MVNY 16.31ADU AINAIRL,
P=0.041) daulunquiiinisunsnszaie 1l
Qv d‘ -7 g’} 1
028720 U (NT¥AN AU wazden) Wi WuaA1 0S
Tuuanaspunaana
1 ~ aAa 4 = =
ADWINNITANNNWATANE WA .4,
2560 1@ 8 AKA Lalani tazs11aas ™ 14
Aa a Aq ¥
52u5752@NIwavete TKIs N1 lunas
Y1 Metastatic renal cell carcinoma (mRCC)

#41/52nVA881 Sunitinib, Axitinib, Sorafenib

= 1 oA Yo 1 voA
Meusznianguin 185y PPIs 520 wazngui
1311450 PPIs 393 W31 OS, PFS 1ag Objective
response rate (ORR) Tiuanaranueodedl
WodiAgnivanaseniie 2ngu eldma
9 = [ @ =
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2 aanunw vl w.e. 2561 Nuaas

Tag McAlister
Iifudrlungudiae mrec #1850
Pazopanib @:ﬁ"um PPIs 30 H2RAs W11 OS
uag PFS linanannuedniivedngniedoa

@ 1

AY 1 Ya Y} !
nunguilszansd luldlins lderaansasiu
o & = ¥ Se ° o 1
AIUNANIIANYINITOIN AR UL

9 g’/ 1 @ 9 (=}
a11150 1e1eaesunu 1a lae lisinanis
Aaun

9 1 =
Yoyaa1galull w.a. 2562 Shama M
25 Iy = 9 9 [ 1
wazauz”™ launsAnudeyadounalungy
Uszrnifiiegeeyg (019NN IHI 0NN
o { I
65 1) 3119 12,538 au MiuTsn lung cancer,
renal cell cancer, chronic myelogenous leukemia,
liver cancer L@ pancreatic cancer ASAEIAILEN
TKIs 3307181 PPIs 0819108 30 71 Tugae 3
A 9 1 A o
IAOULTNVDINTT 1H81 TKIs WU HT1UIU
[ Y
Uszmnsauldnldomsaoingusunu 22.7%
tlﬂ 1 1 d‘ U d’ = % 1
FIWUIAAA1 OS N 90 TU WaNIUNUAUNGY
,:' ] 9 o ! .
713185 ve1 PPIs (A1 hazard ratio 1.16, 95%
confidence interval 1.05-1.28) azann1 OS 7 1
1 (A1 hazard ratio 1.10, 95% confidence interval
1 (= 1 9
1.04-1.18) ua lilinaneszeznaingan1s 9o
§nE18e1 TKIs naiingisedagliaiims
T¥o1srunmnuanuaeslunsidedialy
9 = A A
H118g991g 39A23NILUNITATINAOUIIENIS
1 1 a o
o 1d5mveedironazisziiudeanusuiy

Tumsldersouniu



9
f’)lm‘iﬂiEJW?%W’JNEHEJ“]JENL@HU],"UIHVIIi%uVlﬂluﬁﬂﬂﬂi]llmaﬂﬂiﬂaluﬂigﬁmgﬂTVﬂi

YBU ATEMITN 46

agl

£ A £ £y A v A
NVDYANLFTAUUDIAU IUBIINYIN

9 = aov 1 9 Y =<
VDYAINNITANYIIVYADUUNUBDY NITANH

J 1 g 3 9 9 v KX o
mu“lwmul,ﬂumﬁmmayame'@uwm IINN

o w

Tndedinalunizinllldase nazidodune

Y
@ o

Munnseinuziinlunislder TKIs 59080

naue1aansaln1L lunsaNusZY119 US FDA

=

tﬂ' = v 1! aA 1
1oz EMA 110991 iiatesiudunimanenis

=< =2 1o & A
ﬁ%fﬂﬂuﬁ3@@%N81Wﬁ1ﬂﬂi$ﬂﬁ m"lmnu,ﬂum

=S

pr1itinaaufailu pH-dependent TKIs A7

1T o ]

Y ) <
vzvinlganuelannsa ’Oﬁﬂﬂhlif]@ﬂu

U

YA o 1 ] FY o
m%m%muluuzunw”lummﬂﬂnumﬁmuaﬂu

U

1A0AAAAY 1ASNITINNVUIAYT TKIS™ UAAIT

@onldngueraansamrisuiiusiniu wie
migﬁaﬂél%'muﬁmuzmﬁmwwmzmﬁum
unazsdamuiaue13luasaaasdoya
TyYn19UAITNI81v0381 TKIs 1V81aANIA
awnsoanldinatiosasld Taandsnsansn
HunumlumsaansoalazAsINaoUIINS
oiidte 1850 1o 1T 185 v sz AnTna
mﬂﬂ”ﬁ%lﬂiﬁﬁ}’lﬂfﬂ TKIs i’JEJINQ’QZjﬂ
19NE1501909
1.  Weingart SN, Flug J, Brouillard D. Oral
chemotherapy safety practices at US cancer
centres:questionnaire survey.BMJ 2007;334:
407.
2. Van LRW, Van GT, Mathijssen RH. Drug-
drug interactions with tyrosine kinase inhi-
bitors: a clinical perspective. Lancet Oncol 2014;
15:315-26.
3. Krause DS, Van Etten RA. Tyrosine kinases as

targets for cancer therapy. N Engl J Med 2005;

353:172-87.

10.

Arora A, Scholar EM. Role of tyrosine kinase
inhibitors in cancer therapy. J Pharmacol Exp
Ther 2005;315:971-9.

Sugano K. Computational oral absorption
simulation of free base drugs. Int J Pharm
2010; 398:73-82.

Budha NR, Frymoyer A, Smelick GS, Jin JY,
Yago MR, Dresser MJ, et al. Drug absorption
interactions between oral targeted anticancer
agents and PPIs: is pH-dependent solubility the
Achilles heel of targeted therapy. Clin Pharma-
col Ther 2012;92:203-13.

Wienkers LC. Heath TG. Predicting in vivo
drug interactions from in vitro drug discovery
data. Nat Rev Drug Discov 2005:4825-33.
International Transporter Consortium, Giaco
mini KM, Huang SM, Tweedie DJ, Benet LZ,
Brouwer KL, Chu X et al. Membrane trans-
porters in drug development. Nat Rev Drug
Discov 2010;9:215-36.

Smelick GS, Heffron TP, Chu L, Dean B, West
DA, Duvall SL, et al. Prevalence of acid-
reducing agents (ARA) in cancer populations
and ARA drug-drug interaction potential for
molecular targeted agents in clinical develop-
ment. Mol Pharm 2013;10:4055-62.

Gay C, Toulet D, Corre PL. Pharmacokinetic
drug-drug interactions of tyrosine kinase
inhibitors: A focus on cytochrome P450,
transporters, and acid suppression therapy.
Hematol Oncol 2017;35:259-80.

Hunfeld NG, Touw DIJ, Mathot RA, van
Schaik RH, Kuipers EJ. A comparison of the
acid-inhibitory effects of esomeprazole and

rabeprazole in relation to pharmacokinetics



<3
47 N3e3 15ANLI5

3 41 RTVN 1 YRIIAY — WBIBY 2564

15.

12.

13.

14.

16.

17.

18.

and CYP2C19 polymorphism. Aliment
Pharmacol Ther 2012;35:810-8.

Hunfeld NG, Touw DJ, Mathot RA, Mulder
PG, Van Schaik RH, Kuipers EJ, et al. A
comparison of the acid-inhibitory effects of
esomeprazole and pantoprazole in relation to
pharmacokinetics and CYP2C19 polymorphism.
Aliment Pharmacol Ther 2010;31:150-9.
Sachs G, Shin JM, Briving C, Wallmark B,
Hersey S. The pharmacology of the gastric
acid pump: the H,K' ATPase. Annu Rev
Pharmacol Toxicol 1995;35:277-305.

Jansen PA, Brouwers JR. Clinical pharmaco-
logy in old persons. Scientfica (Cairo) 2012;
2012:723678. Doi: 10.6064/2012/723678. PubMed
PMID: 24278735 PubMed Central PMCID: PMC 38
20465

Rugo HS, Herbst RS, Liu G, Park JW, Kies
MS, Steinfeldt HM, et al. Phase I trial of the
oral antiangiogenesis agent AG-013736 in
patients with advanced solid tumors:
pharmacokinetic and clinical results. Clin
Oncol 2005;23:5474-83.

LauYY, Gu W, Lin T, Viraswami-Appanna K,
Cai C, Scott JW, et al. Assessment of drug-
drug interaction potential between ceritinib
and proton pump inhibitors in healthy subjects
and in patients with ALK-positive non-small
cell lung cancer. Cancer Chemother Pharmacol
2017;79:1119-28.

Tang W, Tomkinson H, Masson E. Effect of
Sustained Elevated Gastric pH Levels on
Gefitinib Exposure. Clin Pharmacol Drug Dev
2017;6:517-23.

Egorin MJ, Shah DD, Christner SM, Yerk MA,

Komazec KA, Appleman LR, et al. Effect of a

19.

20.

21.

22.

23.

proton pump inhibitor on the pharmacokinetics
of imatinib. Br. J. Clin. Pharmacol. 2009;68:
370-4.

Koch KM, Im YH, Kim SB, Urruticoechea
Ribate A, Stephenson J, Botbyl J, et al. Effects
of Esomeprazole on the Pharmacokinetics of
Lapatinib in Breast Cancer Patients. Clin
Pharmacol Drug Dev 2013;2:336-41.

Yin OQ, Gallagher N, Fischer D, Demirhan E,
Zhou W, Golor G, et al. Effect of the proton
pump inhibitor esomeprazole on the oral
absorption and pharmacokinetics of nilotinib.
J. Clin. Pharmacol 2010;50:960-7.

Yin OQ, Giles FJ, Baccarani M, le Coutre P,
Chiparus O, Gallagher N, et al. Concurrent use
of proton pump inhibitors or H2 blockers did
not adversely affect nilotinib efficacy in
patients with chronic myeloid leukemia.
Cancer Chemother Pharmacol 2012;70:345-
50.

McAlister RK, Aston J, Pollack M, Du L,
Koyama T, Chism DD. Effect of concomitant
pH-elevating medications with pazopanib on
progression-free survival and cverall survival
in patients with metastatic renal cell carci-
noma. Oncologist 2018;23:686-92.

Chen YM, Lai CH, Chang HC, Chao TY,
Tseng CC, Fang WF, et al. Antacid use and de
novo brain metastases in patients with
epidermal growth factor receptor-mutant non-
small cell lung cancer who were treated using
first-line first-generation epidermal growth
factor receptor tyrosine kinase inhibitors.
PLoS One.2016 Feb 19;11:e0149722. Doi:
10.1371/journal.pone.0149722. PubMed PMID:

26894507; PubMed Central PMCID: PMC4760710



v
duasnsensynanendudauen land InTsgu laaniunqueraansalunsgmnzems. ... YPU1 ATTMIAN 48

24.

25.

Lalani AKA. McKay RR. Lin X. Proton pump
inhibitors and survival outcomes in patients
with metastatic renal cell carcinoma. Clinical
Genitourinary Cancer 2017;15:724-32.

Sharma M. Holmes HM. Mehta HB. The
concomitant use of tyrosine kinase inhibitors
and proton pump inhibitors: prevalence,

predictors, and impact on survival and

26.

discontinuation of therapy in older adults with
cancer. Cancer 2019;125:1155-62.

Keller KL, Franquiz MJ, Duffy AP, Trovato
JA. Drug-drug interactions in patients receiving
tyrosine kinase inhibitors. J Oncol Pharm

Pract 2018;24:110-5.



