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Radiotherapy and bio-drugs

Satoaki Nakamura

Division of Radiation Oncology, Kansai Medical University

Abstract

Chemotherapeutic agents (cytotoxic anticancer agents) have played a central role as

cancer drug therapy for a long time. Since 2000’s, several molecular targeted agents have

become novel standard therapies among various types of advanced malignancies. For

solid cancers, many drugs target epidermal growth factor receptor (EGFR) and vascular
endothelial growth factor (VEGF). The combination effect of EGFR inhibitor cetuximab
and radiotherapy was shown to contribute to survival in locally advanced head and neck

cancer.

In recent years, immune checkpoint inhibitors also have been focused on many cancers

and attract attention. To achieve further efficacy, combination therapy with radiotherapy

are testing.
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% £ K+ 21K (epidermal growth factor re-
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Gefitinib Iressa EGFR JE/INHI e fili

Imatinib Glivec BCR/ABL, c-kit CML, ALL, GIST

Erlotinib Tarceva EGFR JE NN, T

Lapatinib Tykerb EGFR/HER2 FLAE

Sorafenib Nexavar  VEGF, RAF, Flt3, Kit &%, I

Sunitinib Sutent VEGF, PDGF, Kit 9, GIST

Nilotinib Tasigna BCR/ABL CML, ALL

Everolimus Certican mTOR I
ERESS

Rituximab Rituxan CD20 B MifatEY »oxE

Trastuzumab Herceptin  HER2 LA, HHE

Bevacizumab Avastin VEGF KIbHa, Wb, 78

Cetuximab Erbitux EGFR K, SHSRE

Panitumumab Vectibix EGFR N
EF v 7 RA v MHESE

Ipilimumab Yervoy CTLA-4 T A i

Nivolumab Opdivo PD-1 EMERAE, JEANHRE, B, SESEHEE

Pembrolizumab  Keytruda PD-1 R ERAE,  FENHI

L2 DTH 5.

ST RERYEE &R IR O B IR Dbz
Wb #5159 (chemo-radiotherapy: CRT) & [X 3l
L bio-radiotherapy (BRT) & & Ii:iENh 5. Th
F TR HEEA (X721 CRT) I T 5
BRT O3 FIE % WGES 5 25 1 AH R R AT
bhT&7.

1) EGFR BHEZ

EGFR &, #ildBEs< ik % fliHl5 % FEe
B K KT (epidermal growth factor: EGF) % &2
WL, YITFMRERATY) T U Y v —Eh
ZHRT, EGFR 77 3 ) —EIMHEh 2 Mo %
RIS/ T 5. EGFR OMIBLN Y 7 F WARER
# & L T, RAS/RAF/MAPK (mitogen-
activated protein kinase) % %, PI3K (phos-
phoinositide-3 kinase) /AKT #FHASHET, =
No Y 7P IMEEORR, MK, BHE, i
B, MEHLELEdR 2 (E1). HERE L
Tid, EGFRF 1 ¥ ¥ ¥+ — %S (tyro-
sine kinase inhibitor: TKI) & $T EGFR JUik3EAS
EDICHRMHEN T2 (B 2).

BRT Tl&, Bonner 5239t EGFR $ifk ce-
tuximab(7—¥Y % v 7 2) %= v, HE4TEESHES
ARG & U BIRAB A 1T, A e

fEIZ 3BT BRT B (49 71 B ) ASIRCSHEiH 5 HUAl
BHQIMA)ICHREEICREFTHSZ L 2R
L 7> (Bonner &ER) Y. T OfER, BRT 25ELT
SHSE (o3 AR O — > & L ThLi AT
FoNTWwab, oA FRE L FHEIZ ce-
tuximab (45 DIERE B IZOVTIZ S L —
F 2L LDz % B U 7ER CHBEICAEGARN
M52 E0000, HEMKEE ORI
cetuximab BIHRONA F~v—Hh—TH b LEZ
SNTna?,

S IR AT T LR TH S
CRT |\ EGFR FLEH] 0 w5 5 % & 5 ik
xS, FHEIHEY (RTOG 0522 :KER), Lot
(SCOPE 1 #Ex), /Bl (RTOG 0617
HKE) TITbh N7z, b idwdnd &4
WM THBEEZRTIENTE LD o7,

B X HPV BE R IREERE 2 xF 412, CRT 2
9% BRT O IEHVE % BGES % 4 111 AHERR
Bk (RTOG 1016 #l#) 25#£47H TdH 5. BRT
IZBWT, EROEHERETH S CRT L HE
DEREIREN, LD HERLPD LW iERD
a2 EABfEshTwns.

2) VEGF fAEZ

VEGF &, IMEFERIRETLER, 1 v 88050
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25)7“) VEGF &K (VEGFR)ICU # >~ K& L
“Cﬁ't?::/n\@‘%. VEGF % 5 3L 5% o 4
AR EMEL, FAEEOETRTHEAN
REMBE$%. VEGF [HEAIE LT, $it VEGF
YUK bevacizumab (7 78 A F ) A KIGHE, FE/I
i, L, JREE R E TR I T
W5, F72TKI T 5% sorafenib (f 7 H /73—
V), sunitinib (A —7 >~ ), lenvatinib(L ¥ ¥
) SN, G, BRI 7 & & R4
R E N T 5

BRT TI&, SEMEAREBIE 0 LA EERGR T
H % L iE# L temozolomide (TMZ) B
CRT IZ bevacizumab % B % £ TIT FHERR
KB O A 2 > (RTOG 0825 B,
AVAglio B ) Hr SN Tw s, WIFhoRk
B% % bevacizumab P IC X O MRS A A7 ] R
FERT 578, &EANMTIIARRERIEF
DONHEVEV) —F LR TH-7. Lo
L QOL 2B L Tix AVAglio it Tld KPS
(Karnofsky Performance Sratus) 70 L. b 2%
bevacizumab #:T 3 7 HIEE L, QOL % #fiH¥
EN72H%, RTOG 0825 iR Tlx QOL 25 F A3 %
1233 - 7-.

MAEHEHER OFFEL L L THELE i
’i’(#ﬁ[ﬁ"xg:ﬂf)‘%é LB~ D IR & 4T

Z & TN HHALEREE A 3 sk b R4
éﬂ“(i‘o D, ARG L OPEHRICIZER %
O DD B,

F 72 TR BRI R B SR I J 0, O
HEREEOREMENEVPELRRETHY, I
IR AR L LT VEGF BEAHH W
bbb dHb.

2. BEF Ty VRA L NEHESE

TRIERMICBWT, THRIZPURERERME T
& BRI & DAPUR DTN & 20T 5 &1
BiLL, NAMEA X3 5. CTLA-4(cyto-
toxic T-lymphocyte-associated protein 4) 1305
PEAL T M o> 0 S B3 2 502 Bk J 5 45
TTHY, WEFzy 7RV MEENLH

W 2R 2N 5. 2EV Dy 7]
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W92 2 L CTHUER RIEO MM O
%. L CTLA-4 ifk ipilimumab (¥ — K 1 ) 1%
A E R 2 &R0 S Y, 2011 4R
IZ FDAIZ X D ¥ &7z, Programmed
death-1(PD-1) 2%k 72, EMAL T Milwo
KM T 25005 F = v 7 KL ¥ M ZREKT
&) V) programmed death-ligand 1 (PD-L1) & ®

XD R RIEEREFET S B
PD 1 i‘nﬁs nivolumab (+ 7Y — ) & EE R
JELZ R Lo ahHR 2 2™, 2014 4R ISR
(TR S .

INSRIEF = v 7 RA ¥ S HESE L g
BEBREOPHIRASN TV S, JRgHR RS
XD BEE ORISR, REF
7 RA ¥ FHERIC X B PUEE R R IR S
LUREMEDSIRR S M CnwWab. fEF o v 7 KA
v MHERICEPIRG AR T 5 &, W]
B LT WS b BN R BIN S 7
7 A a7V (abscopal effect) 25% DAL F B
Thb.

FERRIR T b B R AEORER 2B v T ipili-
mumab [ZHHFREREEZ T2 ETT 7 A
ANV REZROLLIEDPWMEINTSB
DB, ZBOTIN & KRBT
“C‘ﬁ)é. S, WEHERREOWY) % 7 b a—
WV (MR, WA mI%, B DR R BE A
) RS9 B A G, a2 S S A
LhZ ENfEENG.

EF = v 7 RA Y MLERIC L 2HERL
&, FERFERM R RIESOCAE T A2 L THEL
bEEZONTED, KBk, NMilksg, KRR
g5, TIERYE, RERE%%, 1 BUBERIE, Figc, KA
e gE, EIEMMEIIE L EAHRE S TWwS
RGP RIS NS A EHRP DR

WZHEET B DM, SEOERRBROME & fF
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