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Oral chemotherapeutic agents in current use
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urrently, 10% of cancer chemotherapy is provided to patients by oral formulation; however,

by 2013 this percentage is predicted to increase to 25%. Chemotherapy is traditionally
given by injection. Oral chemotherapy has been developed as a more convenient method for
treating patients. Oral chemotherapy offers many advantages including the elimination of pain
often caused by injections, the lack of fees for administering intravenous drugs, more time at
home for patients, and a patient’s increased sense of autonomy. The role of oral chemotherapy
has been expanding because of the potential advantages in convenience and better quality of
life for patients, and in the cost-effectiveness of treatment as compared to intravenous chemo-
therapy. A number of novel oral targeted and cytotoxic chemotherapeutic agents are entering the
market or are in development. Many of the agents display significant clinical activity against
various cancers. The growing availability of effective oral chemotherapy treatments, especially
the new class of ‘targeted biologic therapies’, is one of the wonderful recent advances in cancer
care. This manuscript describes the progress of clinical development and efficacy of these newly
developed chemotherapeutic agents.
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3. Capecitabine (Xeloda®)
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5, Topotecan (Hycamtin®)
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6. Temozolomide (Temodal®)
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Figure 1. Metabolism of capecitabine. 5'-DFCR, 5'-deoxy-5-fluoro-
cytidine; dThdPase, thymidine phosphorylase; 5'-DFUR,
5'-deoxy-5-fluorouridine; 5-FU, b-fluorouracil.
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1. Imatinib (Glivec®, Gleevec®)
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Figure 2. Mode of action of imatinib on BCR-ABL. ADP, adenosine
diphosphate; ATR, adenosine triphosphate; P phosphate.
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2. Dasatinib (Sprycel®)
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Table 1. Tyrosine kinase inhibitors

Class Targets Drugs Disease
Receptor tyrosine HER2/neu Lapatinib  Breast cancer
kinase EGFR Gefitinib Lung cancer

Erlotinib Lung cancer, pancreas cancer
C-kit, PDGFR, Pazopanib, Kidney cancer

VEGFR Sunitinib,  Kidney cancer, hepatoma, NET
Sorafenib  Kidney cancer, hepatoma
Non-receptor BCR-ABL Imatinib CML, GIST

Dasatinib  CML
Nilotinib CML

mTOR Everolimus Kidney cancer
EML4-ALK Crizotinib  Lung cancer

HER2/neu, human EGFR type 2; EGFR, epidermal growth factor receptor; PDGFR, platelet-
derived growth factor; VEGFR, vascular endothelial growth factor receptor; NET, neuroendo-
crine tumor; CML, chronic myelogenous leukemia; GIST, gastrointestinal stromal tumor;
mTOR, mammalian target of rapamycin.
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Figure 3. ErbB2 cellular signaling pathways and lapatinib mecha-
nism of action. PI3K, phosphatidylinositol 3-kinase; IGF
IR, insulin-like growth factor receptor; EGFR, epidermal
growth factor receptor; mTOR, mammalian target of
rapamycin; PTEN, phosphatase and tensin homolog
(From Vogel C, et al. Jpn J Clin Oncol 2010;40:999-1013,
with permission from Oxford University Press) [14].
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7. Sorafenib (Nexavar®)
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Figure 4. Mode of action of everolimus. PI3K, phosphatidylinositol
3-kinase; PTEN, phosphatase and tensin homolog; mTOR,
mammalian target of rapamycin (From Atkins MB, et al.
Nat Rev Drug Discov 2009;8:535-536, with permission
from Nature) [19].
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9. Pazopanib (Votrient®)

ZoF F o] AdHe] dAT LA AAV A=
VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-a/f32] E}o| 24l
7holulo]z8} c-kitg HAste] AR FAS A8kl
Zd] L JAsl= A EA vl 2221 2009 7]
= FDACIA A4 Eeke] A gz Selda Zfdls &
&) 22 2707 =Tk, AAES o] 9]oll v}, drz3]
F%, vl M EF oA o] AR e] 218 Fol 7%= i,
o] ok 1< 18] 800 mg& 74T FAZHE. 20% o) At
oAl WA= 71 WIS B e P28 AAf, et

kA, 9 4] A8R gl FE o A H ) ST of
HESoll= 7H=EA, QT 9743 torsade de pointes, 8,
Y AT, P A B R, 18, s
Asls 5ol delA ot

10, Everolimus (Afinitor®)

Z7)0]2] Al AAAA| A ARR-ER= sirolimuse] FEA]
24 Az o] 2l AdGAA 9] FFAAIR] mammalian
target of rapamycin (mTOR)S HA|5}e] etays H
oltK(Figure 4), FE 2 © 2 sunitinibo]u} sorafenib X5
of] Aafigk X137 Aol ARg-EH o 9] ol #17g Al
ZAUER|Ege] A2 AR QJoh20], 2 vl $le
e, 7, HgolA] dAIR o] X8 Foltt, o] ok
19 13] 10 mgS AT Fofgith, &8 Habgo 2= Ma}
I E-,El'*—nc’:]—u 5, A B Tl lom EEA T
=, AN, SEFIE 5 SHeE YEht
= 0}‘/}'”‘1’]"‘]’\2 Folsfiof girt, 3F= wIzrAA Aol

4

J Korean Med Assoc 2011 November; 54(11): 1191-1198



WA glon of A5 vhe- clF 7 Bagsekar g

A

11, Crizotinib (Xalkori®)

23l 88 W= FDACIN Sle oFAl=A oF A} g7
o] 23 9JstS 3= echinoderm microtubule-asso-
ciated protein-like 4 anaplastic lymphoma kinase
(EML4-ALK) §3-4-2A ) o8 @A¥ ML4-ALK |3
27 F ALK 7hold|o] = GoE oJAlste] ForaatE et
ek, WA 23k ko] 2-7%914 o] §FALell 2
2‘5]] HL‘:—O{XI LS 7].;(]_,_ M_,_ o]E% ?}ﬂ’%’g EH)\]‘_OE
A7 A 50-61%2] 2 WhEEo] HAEITH21). UvH4]
0= 19 23] 250 mg< " H-&5kt thEA Q] FAE-o
2 A2k, A%, B5IF A2, B So) A7)
aE B2 BAA gAY vlsE A 4, AAL FE, £
5ol 48] gl

fr
o2
)
o M
Lk
i
o
T :
= =
o
01
=
e
o
b
_QJ_‘
fllo

O

A5k 109 52k SPAlEe] 5491 4, )
dolel e OJXPQ—OI W) Aw ol EHow
AR A LA ol Z ol 88 Tt A A
o] A2 0% A3 1 ArGo] WA oY
u} Jel ) ALg A Hglor] ofol ket o X1z e

)} 3 Qi et X o] A3t vle cjzstar
A s A8 A0} g e, B EwA o
Ams| S48 HAI 4 VI S WXLJ}

Vel A kS g gF o2 5T U2 A

ol

vl
u2

2
0
Mo

Al_g_o.l: Z=OF- OF

& o= A= ET

REFERENCES

1. Kang YK, Kang WK, Shin DB, Chen J, Xiong J, Wang J,

J Korean Med Assoc 2011 November; 54(11): 1191-1198

N

(&)

~

Oral chemotherapeutic agents in current use @Eotﬂ
=24y

Lichinitser M, Guan Z, Khasanov R, Zheng L, Philco-Salas M,
Suarez T, Santamaria J, Forster G, McCloud PI. Capecitabine/
cisplatin versus 5-fluorouracil/cisplatin as first-line therapy in
patients with advanced gastric cancer: a randomised phase |lI
noninferiority trial. Ann Oncol 2009;20:666-673.

. O’'Shaughnessy J. Capecitabine and docetaxel in advanced

breast cancer: analyses of a phase Ill comparative trial.
Oncology (Williston Park) 2002;16(10 Suppl 12):17-22.

. Van Cutsem E, Twelves C, Cassidy J, Allman D, Bajetta E,

Boyer M, Bugat R, Findlay M, Frings S, Jahn M, McKendrick
J, Osterwalder B, Perez-Manga G, Rosso R, Rougier P Sch-
miegel WH, Seitz JF, Thompson R Vieitez JM, Weitzel C, Har
per P; Xeloda Colorectal Cancer Study Group. Oral capeci-
tabine compared with intravenous fluorouracil plus leucovorin
in patients with metastatic colorectal cancer: results of a large
phase Il study. J Clin Oncol 2001;19:4097-4106.

. Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M,

Nashimoto A, Furukawa H, Nakajima T, Ohashi Y, Imamura H,
Higashino M, Yamamura Y, Kurita A, Arai K; ACTS-GC Group.
Adjuvant chemotherapy for gastric cancer with S-1, an oral
fluoropyrimidine. N Engl J Med 2007;357:1810-1820.

. Ajani JA, Rodriguez W, Bodoky G, Moiseyenko V, Lichinitser

M, Gorbunova V, Vynnychenko |, Garin A, Lang |, Falcon S.
Multicenter phase Ill comparison of cisplatin/S-1 with cispla-
tin/infusional fluorouracil in advanced gastric or gastroesop-
hageal adenocarcinoma study: the FLAGS trial. J Clin Oncol
2010;28:1547-1553.

Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M,
Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y,
Nagaie T, Takagi S, Yamamura Y, Yanaoka K, Orita H, Takeuchi
M. S-1 plus cisplatin versus S-1 alone for first-line treatment
of advanced gastric cancer (SPIRITS trial): a phase Il trial.
Lancet Oncol 2008;9:215-221.

Narahara H, lishi H, Imamura H, Tsuburaya A, Chin K,
Imamoto H, Esaki T, Furukawa H, Hamada C, Sakata Y.
Randomized phase Il study comparing the efficacy and safety
of irinotecan plus S-1 with S-1 alone as first-line treatment for
advanced gastric cancer (study GC0301/TOP-002). Gastric
Cancer 2011;14:72-80.

O'Brien SG, Guilhot F, Larson RA, Gathmann |, Baccarani M,
Cervantes F, Cornelissen JJ, Fischer T, Hochhaus A, Hughes T,
Lechner K, Nielsen JL, Rousselot P Reiffers J, Saglio G,
Shepherd J, Simonsson B, Gratwohl A, Goldman JM,
Kantarjian H, Taylor K, Verhoef G, Bolton AE, Capdeville R,
Druker BJ; IRIS Investigators. Imatinib compared with inter
feron and low-dose cytarabine for newly diagnosed chronic-
phase chronic myeloid leukemia. N Engl J Med 2003;348:
994-1004.

. Talpaz M, Shah NP Kantarjian H, Donato N, Nicoll J, Paquette

R, Cortes J, O'Brien S, Nicaise C, Bleickardt E, Blackwood-
Chirchir MA, lyerV, ChenTT, Huang F, Decillis AP Sawyers CL.
Dasatinib in imatinib-resistant Philadelphia chromosome-

cHetelArE2IR|

1197



@
M= Lee N - Kim KH - Lee SC

positive leukemias. N Engl J Med 2006;354:2531-2541.

10. Kantarjian H, Shah NE Hochhaus A, Cortes J, Shah S, Ayala
M, Moiraghi B, Shen Z, Mayer J, Pasquini R, Nakamae H,
Huguet F, Bogue C, Chuah C, Bleickardt E, Bradley-Garelik
MB, Zhu C, Szatrowski T, Shapiro D, Baccarani M. Dasatinib
versus imatinib in newly diagnosed chronic-phase chronic
myeloid leukemia. N Engl J Med 2010;362:2260-2270.

11. Saglio G, Kim DW, Issaragrisil S, le Coutre P Etienne G, Lobo
C, Pasquini R, Clark RE, Hochhaus A, Hughes TR, Gallagher N,
Hoenekopp A, Dong M, Haque A, Larson RA, Kantarjian HM;
ENESTnd Investigators. Nilotinib versus imatinib for newly
diagnosed chronic myeloid leukemia. N Engl J Med 2010;
362:2251-2259.

12. Han SW, Kim TY, Hwang PG, Jeong S, Kim J, Choi IS, Oh DY,
Kim JH, Kim DW, Chung DH, Im SA, Kim YT, Lee JS, Heo DS,
Bang YJ, Kim NK. Predictive and prognostic impact of epider
mal growth factor receptor mutation in non-small-cell lung
cancer patients treated with gefitinib. J Clin Oncol 2005;23:
2493-2501.

13. Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, Gallinger
S, Au HJ, Murawa R Walde D, Wolff RA, Campos D, Lim R,
Ding K, Clark G, Voskoglou-Nomikos T, Ptasynski M, Parulekar
W, National Cancer Institute of Canada Clinical Trials Group.
Erlotinib plus gemcitabine compared with gemcitabine alone
in patients with advanced pancreatic cancer: a phase |ll trial of
the National Cancer Institute of Canada Clinical Trials Group. J
Clin Oncol 2007,25:1960-1966.

14. Vogel C, Chan A, Gril B, Kim SB, Kurebayashi J, Liu L, Lu'YS,
Moon H. Management of ErbB2-positive breast cancer: in-
sights from preclinical and clinical studies with lapatinib. Jpn J
Clin Oncol 2010;40:999-1013.

15. Geyer CE, Forster J, Lindquist D, Chan S, Romieu CG, Pien-
kowski T, Jagiello-Gruszfeld A, Crown J, Chan A, Kaufman B,
Skarlos D, Campone M, Davidson N, Berger M, Oliva C, Ru-

©) Peer Reviewers' Commentary

1198 it Alg=l= A7 Sex|

21.

bin SD, Stein S, Cameron D. Lapatinib plus capecitabine for
HER2-positive advanced breast cancer. N Engl J Med 2006;
355:2733-2743.

. Johnston S, Pippen J Jr, Pivot X, Lichinitser M, Sadeghi S,

Dieras V, Gomez HL, Romieu G, Manikhas A, Kennedy MJ,
Press MF, Maltzman J, Florance A, O'Rourke L, Oliva C, Stein
S, Pegram M. Lapatinib combined with letrozole versus
letrozole and placebo as first-line therapy for postmenopausal
hormone receptor-positive metastatic breast cancer. J Clin
Oncol 2009;27:5538-5546.

Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S,
Siebels M, Negrier S, Chevreau C, Solska E, Desai AA,
Rolland F Demkow T, Hutson TE, Gore M, Freeman S, Sch-
wartz B, Shan M, Simantov R, Bukowski RM; TARGET Study
Group. Sorafenib in advanced clearcell renal-cell carcinoma. N
Engl J Med 2007,356:125-134.

. Keating GM, Santoro A. Sorafenib: a review of its use in

advanced hepatocellular carcinoma. Drugs 2009;69:223-240.

. Atkins MB, Yasothan U, Kirkpatrick P Everolimus. Nat Rev

Drug Discov 2009;8:535-536.

. Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C,

Bracarda S, Griinwald V, Thompson JA, Figlin RA, Hollaender
N, Urbanowitz G, Berg WJ, Kay A, Lebwohl D, Ravaud A;
RECORD-1 Study Group. Efficacy of everolimus in advanced
renal cell carcinoma: a double-blind, randomised, placebo-
controlled phase Il trial. Lancet 2008;372:449-456.

Kwak EL, Bang YJ, Camidge DR, Shaw AT, Solomon B, Maki
RG, Ou SH, Dezube BJ, Janne PA, Costa DB, Varella-Garcia
M, Kim WH, Lynch TJ, Fidias P Stubbs H, Engelman JA,
Sequist LV, Tan W, Gandhi L, Mino-Kenudson M, Wei GC,
Shreeve SM, Ratain MJ, Settleman J, Christensen JG, Haber
DA, Wilner K, Salgia R, Shapiro Gl, Clark JW, lafrate AJ. Ana-
plastic lymphoma kinase inhibition in non-small-cell lung
cancer. N Engl J Med 2010;363:1693-1703.

HR|=H Ol ALZ0| 25| 7HE0f m2t S2-80| tiFE1
reto =M ZM0| A= Weks MA| Sfar AT it
Lt IfH|= 224w QAT 27E SUHE FA Y
L of2 5= Rl 7ts & dat 2 S YAIEe! &0
tef< MSHEAAOf Cef Chfet =0l X

oMo FAES Zlast & 4 U= dERIA

J Korean Med Assoc 2011 November; 54(11): 1191-1198



