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Chronotherapy: A new direction in personalized therapy for cancer*

Ma Yue-lin, Wang Xiang-zhu, Chen Min-min
[Department of Conservative and Endodontic Dentistry, Xiangya School of Stomatology of Central South
University (Hunan Key Laboratory of Oral Health Research), Changsha, Hunan 410008, China]

Abstract: The circadian clocks help maintain homeostasis by regulating various metabolic and biological
processes within organisms and cells. Disturbances in the body's circadian rhythm have been associated with the
development and progression of cancer. The expression patterns of clock genes in cancer tissues differ from those in
normal tissues. Disruption of circadian rhythms accelerates cancer cell proliferation and promotes the occurrence and
progression of cancer by affecting cell cycle, regulating apoptosis, and other events. Given the crucial role of
circadian rhythms in cancer progression, chronotherapy, tailored to the physiological rhythms of cancer tissues, has
been widely studied in recent years. This review explores the composition and function of molecular clocks in cancer
tissues, summarizes the current state of cancer chronotherapy, and highlights biomarkers from cutting-edge research
that may guide personalized chronotherapy, aiming to provide new insights for the development of highly effective
and precise personalized cancer chronotherapy.
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carcinoma, OSCC) 7, 548 35 A 88 41 2R 40 . , PER2 11
FIEFEAL, H 5 0SCC W IR /3T B & 1Y AL A7) i)
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JA A TR 175 5 0 0 0 A DG R IR 1) B SR S B it
el . 1€ G, M, REV-ERBa F1 RORo/y 1)1 i J5 19 25
AR P 34 CDK RS IR p2leipl A% 58, AT fie
HE A0 JE R M L, 25 G /S R 5 1
NONO, LA PER & #it 1k 1 J7 =X, 98 15 CDK 1l ] 7
pl6inkda F ik, ILAN, PERI A TIM 3 K i 5 ATM/
CHK2 #H EAE R, 0 G /S W 7% e , 5 B04m it Jo] 490 45
Wi o AE G/M i e 4 h W AFAE 25 RL A /E T . CRYL
A0 G/ R T B WEEKD 5 5 i A 2243
442 1 20 A JE 91 UE R L T CLOCK-BMAL-1 0] 7] &5
Week 1 J& K 3 3 7 LB E G075 45 A , i i iR 1k
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AN, JUFR E 98 3 P (e~Mye , Mdm2 F1 B —catenin ) |
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JE AT T (Cdk4  Wnt3 F1 Tefd %5 ) 263k 2 gl k4
FEHFTEH o o~Mye ZE T 50% B9 N2 JE T ik 2k
P, iZHE N HA ] 5 CLOCK-NPAS2-BMAL-1 & &
P45 G (1 E-box J7 811, DT AT 9 A% 0o Az 4 4 5 L A
P o R 22 ) TIE AR SRR SORE 1 AL, BRI A A b g
Gy JE SE B R ) PR 0 2 B Y R 2
(] £ B AH 3 5 AT DL AERR AR S, T4 19 R R AR 4T
e 3 P RS A (R TR 1 R 2

132 FH@pHT 225 K# AUFRES
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DBP/HLF/TEF: PAR bZip ¥ 5K F 505 ; CYP450: AN (L ZE i ; POR: CYP450 Ak iR I il ; ALAST: SIEHR R
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BE (ATP-binding cassette, ABC ) ¥ 3z 2 H M 2,
& (Solute carrier family, SLC VB R, o sk 25 W AE
Hbr L gURan b ik o 1 I 3R i Fn 25 4
iz R 2 2 A g b 3 DR R A B T B PAR bZip
FESEINFRGER S o BEAh, FERE B R RN g 6
O3 TR B 25 W A Y 3 A S, AT g i X
S Bt SR TR 1 3 AT R R AR, DT 5% e 24 4 1) AR
o b AN R 22 K I R 2 ) B2 AR e
JIE PRVBHE Y, PRI 04 25 35 Bk % 5 LA B DI REAH
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ABC %32 3 1R SLC 8 S5 AE /1N U JIE A iz 38 v 11
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S R T S A 80 s e e il i AR 1 R A 1
PR TA) AT e 2348 2 P 259 i if 52 MR AL
212  ERE%BHEHHF  CTSEHTFL4E
Yo D68 0 53 F 25 W 8 A, A 9 200 R0 L AN i )
HIYR AT a4 AR s DNA B E Fgm i T, DL & 2 5%
fF5 e @RACEAEY RSS2
R B TR 1 2 5 W 2, O 2 W) S AR AN TR 45
YRR, 72 AR OR A AT RO B M . CTS AT D i
] 441 Jf 8 459 85 11 (CyeB1 ., CyeD . CycE) . 21 fitg J&) 1A &
IR 3808 (CDK 1, CDK2) L G /S 8% G,/M 1 2 Jifg J&1
HA e 0 R (p21 . Wee—1) 19 JE A e—Myce 55 45 il
X e Y I RE L T BMAL-1 A LU 1 0 ] CyeE
BH W CycE/CDK & & 91 19 T8 B , {41 i J&] 399 452 83 e
G/SHIAE . fai i 5 =2, i 8] 25 9 AR08 3l 77 2% R it i)
24RO BN 72 AR RE T TR SR AL B S AR
2.2 MIRFTEERERMNNHA

HAr& A2 o5l T RIF IR S5 2
[ 5EFR . OKAZAKIZEPE B, 7E 19:00 45 TRk 4k 52
AR/ IE R RS TAE7:00 4525, O e e
1 BB B 45 25 4 Lo AE R0 R B B4R 25 T A K
b 00 A 98 /0N B AR AR KL iR AR 2 oAb it
95 25 0 TR R ol i P AR I S 3 A el ) S B g
SR R IR Ak, B GGl T i 2 HAb bt 254

AR AR S 18 T A 18 I 1) 275 24 ] i o HURR 9T AL, AL AR AL
R (5- 3R BEBE -9 208 35 P8 e  SUR )
FrFb S A 10 550 OB S R e BT 2 e R 9— 2 ik
FRETEO) D SR A AR R CRHETR ) etk )
(BLYD R B AW L 605 L REAFIZS 5 5H) 40
T (TR - TR -y TR -B AL
R -2 IR E SR ) R (R OF) A
2253 ZLM IR (270 EAZBEA K R B i€ ) . DNA R A
RI(Z A 40L& B 57 (Seliciclib 5 A2 |
FHRUIETTUAT A Y 2- W AR R ME 2R I BT R
JE 2R 10 F1 22 8 RAAUY) 6a) IR A A BiFEL COX-2 417
il 700 (€ ok B A ) R A 9 Rz 2R K B (vascular
endothelial growth factor, VEGF) #ill | 57 (TNP-470) .
— T g AE I RS R TR 2 AR R
BT AT IR ST W OCHE . IR, BIF AR G SE 2 ) 1)
TR O] DL SR R E AT AR T A R — Sk S AE
(36 97 BIE 58, IR 9T s 0 A AR L A B e T
TANG 252% B, 5 PER2 3% 3K 1 HAH P 6] 9 B IR Ak
I7 SR AT LUAT R B2 v B VD A A 4 OSCC Y7 2L
PER2 [ A X 5 245 800 2 [l A7 16 25 1 IE AR G,
AT DASE 2ok T 8 49 A0 A R R ] DNA &
Y& LA R OSCC 41 % 25 ) i B0 o Rl B 28
H ORI, PER2 F 254 2Z 18] 03X b o [A) /P AL AAAE T
Z T DNA B0 259, 76 A HE 1) DNA 405 25
AR, HT FIRGR A F R TR AN E
PER2 1 2 ] 15 B V0 40 45 245 J7 58 18 B A W g s
YR m , L k38 OSCC B AL 7 852R , A B 4k )
2 HAb DNA S5 259 g 0 b A, R R i 5
rh s X JE B [m) DNA BT 259, A5 A2 I kAT 4R
vF, WFFE 45 K AR W) B L D BMAL-1 AT DR i 7%
g IR A1 it 9 (tongue squamous cell carcinoma, TSCC) 41
JF 5 A2 Bt ) U . RSPk 1, BMAL-1 5
SN B D) R 6] 1 e B AR BV IR IE , £E SCCY/
BMAL-1 21 /) B BMAL-1 38 3K % {H 1 ZT10 . SCCO/%F
A UYL/ B BMAL-1 2 3K W 3 276 I 25 )5, i
SRR AR A KR 18R SRR AW b BRI
5 0 AR i RS 2 By 10 A TR P RE ) A R
UIAH G, WA 7 A W b B PR BT B Sy 32 8 11 T
T S g A O B AR AR T TR A

() A b, 3SR T 5 A ) P R R R A 1 B R
T O, I e i R el 200 7 A [ ) g %o S5 28 11
TR AN TR, 5% 5 WA /)N BRSE R R A7 B IR 7
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WFFERS & B, 2 FFAT 5 15 h, 988 40 o 536 977 A i
SRS AT IS 3 h O Fe 250 — T fin & K9
E AT 5T v L HN3 1 I BE P I PR T 5 % B, 7E 205 491
APPAL B R L B BT AR O R 2 A 52.9%
H62.4% KM 3 Gl B FE ARG R, H AT A
DB VEAL T HOT LS IR ROR IR, B
FEAE— SR — Bz Ab |, A 75 2 01 2 i JE Rl T 52 ok 48
SR 5

B R ALY (B RO A 95 A A r R 1) IR
SF B A BN . B R TE T s e B
TR 9 200 0 2 T 1 A S PR D 8 T ek B R 4
PN i S PR A 1 1) /N SR 40 o 98 A4 P 1 A4
Ko X Seq0 g {5 5 55 MAPK/ERK | JAK , PI3K |
CDK . M = Z 1k | | Je A K I 32 1K (epidermal
growth factor receptor, EGFR) Fl ML 4 N J¢ AR K 752
& (vascular endothelial growth factor, VEGFR) 1 75 1)
. AR I, o4 1 2 Wl A R A A e

TS A | an TR i RE (4 EGFR 410 i 55 )2 1%
B e, 16 R0 BE B B 4 25 B A R 0 PR B B A
Bl T4l 96 2l LA K F TR YT FLIRE (9 HER/
Neu Fl EGFR #l4fil 420715 )€ , 7 8 itk EGFR/Ras/Raf/
MAPK 38 B 8V 5 F 136 97 il 98 04 1% 220 I o i 4
HIF B F 2, Al 3 EGFR | Akt Al MAPK £ 2 1k
S, X EL) R ) 25 W) Y B AR 34 52 B B R PR B
i) 422 4, 2 B o i 2 BRI

WA, Sy B S 24 ) AR U8 % 5 R, o
25 ) A o T B 04 B )38 B B A T Ak, I JF R
T —SBAE H BRI I 2 AR PR 2 W Y 25
IR R G, A TE TR R L IR 25 W e R
B AR 2K R AT L XA I T S 25 W i % 4
AR AT DA e b GO AE A B B 1) 83T R 2 1
A 24 A LA | Bt 6 R SR A T oKL D
FERETRIT IR R (W 1) .
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532K B e It 2577 7530k
5—JRR M E Sl JAT )5 14 h WOOD %
FRK Y TR W B — LA R B von ROEMELING 4
BB P b P fElpE 3 d L1481
FLF4E S5 30 min
bt U ( ; ;fg fi o AKGUN %™
BANTHUTS P I I S ) SR L B B SCHEVING 45!
lEze! JE/ N e JFHTJG 16 h BOUGHATTAS %1%
Befbi e .
R4 JE/ N JFATH 16 h BOUGHATTAS %
BLYLFIAA 45 Bl JFAT 15 h GRANDA %!
BERHE fBEEIY FUIE RIS ] B BINKHORST 40
i R% (OpS i - TOHE
By R S5 H I 4TI 7h GRANDA %)
MR FUIE LTS 21 h MULLINS 281
T2 £ TR A0 BMAL-1 F ik (E TANG 224
LG FLIRE TFKIJE7h GRANDA 20
T ES i 1L - FILIPSKI 2514
mTOR 1l 1 RN ' 200 mTOR | 73] OKAZAKI %"
TR S - TAKANE 2514
A
HAEAR-2 JHHE “ AR5 R KEMENY 2+
AR IR R 2y FERAT A FLIRE JHTI7~23h BLUMENTHAL 4§
$i VEGF/VEGFR 254 SU1498 Jitids RIS [R5 6] 2 0I5 T 428 [ -1 1] 14 KOYANAGI &5+
) e PR (0 3R G B NAKAGAW A %52
ST 259
P e PR e P e 3R - -
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Y BT A A W bR R W A BT E A TR
R DU T 00 B A PN TR B 1R] B A S 7
AT R G AR, AR B R (R R . KRB/
SN DR BB R IR RGN DIRE . R
i FB TN T 3 3 i S AN T B A I BT AR B
WE B, AT LUR AR C S80S BRIk 5 AR T IR
7 2Z I 56 R 50K B4 o B IS R 1 /B 3
LG, BAT R AR S0 sl 1 HE i e B M 45 o J
B AR A A A RIR R — R B R
TREY AR S, W LA —E R b RO R T
TFE R GEM D RE , I B A 1T A M I IR 23 T RO
X Je I S SR 1 5 M 1 R AT m A M o A
Jed Uik FEE e v AL I IS [R) AT VR YT B, LA KA I A7 3
il . FEUAY R & A 7E — S0 U e R
4 e AR 6 e, e B B0 A I 3 o R T AR B
AN R A bR B, AR IR YT R
AR R AR S SR AL R HE ALY R T
AT, LA T R B R R GET
il PEACAS A BB A IR AE TR YT I BILYT A, Y
J KT I LS o e R R P 3R K AR R A
LU GERY RN RN N SN ) e
oSk S0 B R R R R G e ok
iE BB RIGIT B EA — B e S E X
3.2 EHEMFHERETREAEMIREY

BMAL-1 J& % 5% — Bl 3% B 1 [l i 17 i 8 7 S [
T EZ RSP BB R . R T R
K, AT LA 2 Ao A0 M R A K S R . Ak,
BMAL-1 [ 2 1K ¥ 23 5% Wi 240 i % A7 245 ) 1) SRk
M A5G O ST B BRE LU R4 SR A2 BE (Paclitaxel,
PTX) FURBE B 45 . ZENG 259 % 3, BMAL~1 43
FEIRIWGN T 45 1 A0 ) 3 GE JT AR T A AR
ARSI AR N X B A0 Y SR, LT ZE AL T
5 BMAL-1 #03% ATM {5 5 3d i, 2 5175 G/M 141
Ji R SR AR O o 9 A WF ST R B, BMAL-1 i % ik
AT ZEAR SN ] TSCC 20 i 1 4 5 G 78 iR 28, FE 14
PN AL LA R R Y i S A . BMAL-1 (9 3 36
AT LA 58 PTX X TSCC 40t i foses 16, AT EL#EE
T4 L DNA Sy 4 45 4, 38 o) 55 42 41 88 11 W LG RS g
55 vy 0 8 395 % 5% i (telomerase reverse transcriptase,

3.1

TERT) J& 8 F45 4, i 1a) 98 15 TERT %% 536 1, i
Ik B DR . IRl SR IR A5 R R, PTX AR
TSCC 1 (997 &% 5 BMAL-1 %35 —%, T BMAL-1
FIR W I [A] 25 25 PTX 7 0™, DL B Ao W
7 BMAL-1 5 J i (9 %5 V1 5C &, 1ESE T BMAL-1 7]
1 Ry B i 25 W SO 1) 43 T R0 AR, O S SRR A=
Yt Y7 L SR AL T B SR

Bk BMAL-1 4}, PER 3 (5] (1) 3% 35 B 5 968 0E 19 &
AR R VI SE . NIU S5 FH A R S5 988 ot 4 5
R B, 76K BUAE #4200 di 26 i I 20 20, Per
FEH A AR UR A . PER 5& K78 I 5 41 41
PR R 12 h, MAEIEFHA T L 24 h, 1
A, PER 3 P 42 1K 1) A8 £ A, 23 5% i) it 28 Ji S 988 114
SO | 7E PER K& PR 3R 35 W I HE AT 0T,
JEANME PR TS BN, DL S5 R ULE , PER
FEDA () F 38 1A AE R —Fh g R IT IR AR S
A B TR SRR R T ROR (W3R 2) .

F2 EYHEESAEEEREZ BEXEGRR

A A FEAE A E= BTN

BMAL-1 &5 H ZENG %

BMAL-1 T ERR AN A TANG %24

PER %[ [ RELLES %5

PER 3[4 K AR i HSU &0
4 HERERZE

AR BT TS R AW, e T H 25 AL R A A
SLfER R SRR R VR IRE VIR G B
PR JREAE A R TR I T R A, AR BT
Xof A ARV A 5 R 2 TR R AR RS2 TR A
AP B 871 A Ok e 3 i A AN T R A A TR AL
FUAT C A A 36 97 75 58 £ 2 4% 3 Fl, — 26
SO A W) i e R B 43 R 25, R U R A
PEECAE R A A A B, =R 2 W) g 2k
AL, LhdR K BRI 3 4 o 7 2 BRI S RIAE . 4R
oK 18— L1l PR3 B 4% 2R Y R IR T YR A R IR
J7 B BA —E AL E, s n] B AE 9 BT R T
Al KB B A B

I, B9 B A TE ARG TR T R R BT, R
SE RS ER AR ERAR B . AR T, TR TR
] A 222 S B R, ek R L P A7 A Bk ek

- 57 -



FpIE AR ek

#

RS2 BRI R T 1 LA B IR IR S B HHE Sl AE B i
PEFE , BR A=Yy bn B W0 i A0, AT R 2 v A Y

SRR TN AN () F8 35 04 e A3 9 I ), A7 7 2 0

kAT R 2 ) AR R AR IE 25 W 1 R K S Y
(] 25, T sk 4 4R AT 7 2 R i B B9 . B R IR I
T B BT W T A A B 2 IR O R L X
S YT ARG R 6 B[R] SR AR
PE B IO AR N e 25 i B S PR 4 b i TR .

4t

T AR A ML A 52 2, AR 0 4 i

£

T 35 4 DR 2 R AR 7 098

o

[2]

[3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

PR, £, EFN 5 BRTAREAL SRR E RKBOCH
T SEHE R[], R BB 2%GE, 2024, 34(15): 58-64.
REAS, M2, 4 . B HE LI S KRR AL A LR
FH AR T U B 5 kS (0], v [ SRR 2 2 R, 2020,
30(14): 53-58.
MALIK S, STOKES 1II J, MANNE U, et al. Understanding
the significance of biological clock and its impact on cancer
incidence[J]. Cancer Lett, 2022, 527: 80-94.
LAOTHAMATAS I, RASMUSSEN E S, GREEN C B, et al.
Metabolic and chemical architecture of the mammalian circadian
clock[J]. Cell Chem Biol, 2023, 30(9): 1033-1052.
XIONG H G, YANG Y X, YANG K, et al. Loss of the clock gene
PER2 is associated with cancer development and altered
expression of important tumor-related genes in oral cancer[J]. Int
J Oncol, 2018, 52(1): 279-287.
de ASSIS L V M, KINKER G S, MORAES M N, et al
Expression of the circadian clock gene BMAL-1 positively
correlates with antitumor immunity and patient survival in
metastatic melanomaf[J]. Front Oncol, 2018, 8: 185.
ZHU H D, CHEN J W, WEN Z Q, et al. The role of circadian
clock genes in colorectal carcinoma: novel insights into regulatory
mechanism and implications in clinical therapy[J]. Life Sci, 2023,
333: 122145.
MALAGUARNERA R, LEDDA C, FILIPPELLO A,
Thyroid cancer and circadian clock disruption[J]. Cancers (Basel),
2020, 12(11): 3109.
ZHOU L C,LUO Z L, LI Z W, et al. Circadian clock is associated
with
carcinoma[J]. Aging (Albany NY), 2020, 12(14): 14620-14632.
ALLADA R, BASS J. Circadian mechanisms in medicine[J]. N
Engl J Med, 2021, 384(6): 550-561.
SZKIELA M, KUSIDEL E, MAKOWIEC-DABROWSKA T, et
al. How the intensity of night shift work affects breast cancer
risk[J]. Int J Environ Res Public Health, 2021, 18(9): 4570.
PAPAGIANNAKOPOULOS T, BAUER M R, DAVIDSON
S M,

et al.

tumor microenvironment in kidney renal clear cell

et al. Circadian rhythm disruption promotes lung

58

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(25]

[26]

(27]

tumorigenesis[J]. Cell Metab, 2016, 24(2): 324-331.
KETTNER N M, VOICU H, FINEGOLD M J,
of suppresses
hepatocarcinogenesis[J]. Cancer Cell, 2016, 30(6): 909-924.

et al

Circadian  homeostasis liver metabolism
QU M. Molecular crosstalk between circadian clock and cancer
and therapeutic implications[J]. Front Nutr, 2023, 10: 1143001.
LEE J H, GADDAMEEDHI S, OZTURK N, et al. DNA damage-
specific control of cell death by cryptochrome in p53-mutant ras-
transformed cells[J]. Cancer Res, 2013, 73(2): 785-791.

REINKE H, ASHER G. Crosstalk between metabolism and
circadian clocks[J]. Nat Rev Mol Cell Biol, 2019, 20(4):
227-241.

AIELLO 1, FEDELE M L M, ROMAN F, et al. Circadian
disruption ~ promotes  tumor-immune  microenvironment
remodeling favoring tumor cell proliferation[J]. Sci Adv, 2020,
6(42): eaaz4530.

ALBUQUERQUE T, NEVES A R, QUINTELA T, et al
Exploring the link between chronobiology and drug delivery:
effects on cancer therapy[J]. J Mol Med (Berl), 2021, 99(10):
1349-1371.

PRINTEZI M I, KILGALLEN A B, BOND M J G, et al.
Toxicity and efficacy of chronomodulated chemotherapy: a
systematic review[J]. Lancet Oncol, 2022, 23(3): e129-¢143.
LEVI F A, OKYAR A, HADADI E, et al. Circadian regulation
of drug responses: toward sex-specific and personalized
chronotherapy[J]. 2024, 64:
89-114.

OKAZAKI H, MATSUNAGA N, FUJIOKA T, et al. Circadian

Annu Rev Pharmacol Toxicol,

regulation of mTOR by the ubiquitin pathway in renal cell
carcinoma[J]. Cancer Res, 2014, 74(2): 543-551.

NAKAGAWA H, TAKIGUCHI T, NAKAMURA M, et al. Basis
for dosing time-dependent change in the anti-tumor effect of
imatinib in mice[J]. Biochem Pharmacol, 2006, 72(10): 1237-
1245.

TANG Q M, XIE M R, YU S L, et al. Periodic oxaliplatin
synergy with PER2-mediated PCNA

administration  in

transcription  repression
efficacy of OSCC[J]. Adv Sci (Weinh), 2019, 6(21): 1900667.
TANG Q M, CHENG B, XIE M R, et al. Circadian clock gene

BMAL-1

promotes  chronochemotherapeutic

inhibits tumorigenesis and increases paclitaxel
sensitivity in tongue squamous cell carcinoma[J]. Cancer Res,
2017, 77(2): 532-544.

BERMUDEZ-GUZMAN L, BLANCO-SABORIO A,
RAMIREZ-ZAMORA 17, et al. The time for chronotherapy in
radiation oncology[J]. Front Oncol, 2021, 11: 687672.
MTEYREK A, FILIPSKI E, GUETTIER C, et al. Clock gene
Per2 as a controller of liver carcinogenesis[J]. Oncotarget, 2016,
7(52): 85832-85847.

BJARNASON G A, MACKENZIE R G, NABID A, et al.
Comparison of toxicity associated with early morning versus late

afternoon radiotherapy in patients with head-and-neck cancer: a



&

6

SHIME, A INRITIE RE MEIG T

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

prospective randomized trial of the National Cancer Institute of
Canada Clinical Trials Group (HN3)[J]. Int J Radiat Oncol Biol
Phys, 2009, 73(1): 166-172.

LIN P P, AN F M, XU X, et al. Chronopharmacodynamics and
mechanisms of antitumor effect induced by erlotinib in
xenograft-bearing nude mice[J]. Biochem Biophys Res
Commun, 2015, 460(2): 362-367.

WOOD P A, DU-QUITON J, YOU S J, et al. Circadian clock
coordinates cancer cell cycle progression, thymidylate synthase,
and 5-fluorouracil therapeutic index[J]. Mol Cancer Ther, 2006,
5(8): 2023-2033.

von ROEMELING R, HRUSHESKY W J. Determination of
the therapeutic index of floxuridine by its circadian infusion
pattern[J]. J Natl Cancer Inst, 1990, 82(5): 386-393.

LI X M, TANAKA K, SUN J, et al. Preclinical relevance of
dosing time for the therapeutic index of gemcitabine-cisplatin[J].
BrJ Cancer, 2005, 92(9): 1684-1689.

AKGUN Z, SAGLAM S, YUCEL S, et al. Neoadjuvant
chronomodulated capecitabine with radiotherapy in rectal cancer:
a phase II brunch regimen study[J]. Cancer Chemother
Pharmacol, 2014, 74(4): 751-756.

SCHEVING L E, BURNS E R, PAULY J E, et al. Circadian
bioperiodic response of mice bearing advanced L1210
leukemia to combination therapy with adriamycin and
cyclophosphamide[J]. Cancer Res, 1980, 40(5): 1511-1515.
BOUGHATTAS N A, LEVI F, FOURNIER C, et al. Stable
circadian mechanisms of toxicity of two platinum analogs
(cisplatin and carboplatin) despite repeated dosages in mice[J]. J
Pharmacol Exp Ther, 1990, 255(2): 672-679.

GRANDA T G, D'ATTINO R M, FILIPSKI E, et al. Circadian
optimisation of irinotecan and oxaliplatin efficacy in mice with
Glasgow osteosarcomal[J]. Br J Cancer, 2002, 86(6): 999-1005.
BINKHORST L, KLOTH J S L, de WIT A S, et al. Circadian
variation in tamoxifen pharmacokinetics in mice and breast
cancer patients[J]. Breast Cancer Res Treat, 2015, 152(1):
119-128.

TO H, OHDO S, SHIN M, et al. Dosing time dependency of
doxorubicin-induced cardiotoxicity and bone marrow toxicity in
rats[J]. J Pharm Pharmacol, 2003, 55(6): 803-810.

MULLINS D, PROULX D, SAOUDI A, et al
Chronomodulation of topotecan or X-radiation treatment
increases treatment efficacy without enhancing acute toxicity[J].
Int J Radiat Oncol Biol Phys, 2005, 62(1): 230-237.
BLUMENTHAL R D, WASKEWICH C, GOLDENBERG D M,
et al. Chronotherapy and chronotoxicity of the cyclooxygenase-2
inhibitor, celecoxib, in athymic mice bearing human breast
cancer xenografts[J]. Clin Cancer Res, 2001, 7(10): 3178-3185.
GRANDA T G, FILIPSKI E, D'ATTINO R M, et al

59

Experimental chronotherapy of mouse mammary
adenocarcinoma Mal3/C with docetaxel and doxorubicin as
single agents and in combination[J]. Cancer Res, 2001, 61(5):
1996-2001.

[41] FILIPSKI E, AMAT S, LEMAIGRE G, et al. Relationship
between circadian rhythm of vinorelbine toxicity and efficacy in
P388-bearing mice[J]. J Pharmacol Exp Ther, 1999, 289(1):
231-235.

[42] TAKANE H, OHDO S, YAMADA T, et al. Chronopharmacology
of antitumor effect induced by interferon-beta in tumor-bearing
mice[J]. J Pharmacol Exp Ther, 2000, 294(2): 746-752.

[43] KEMENY M M, ALAVA G, OLIVER J M. Improving responses
in hepatomas with circadian-patterned hepatic artery infusions of
recombinant interleukin-2[J]. J Immunother (1991), 1992, 12(4):
219-223.

[44] KOYANAGI S, KURAMOTO Y, NAKAGAWA H, et al. A
molecular mechanism regulating circadian expression of
vascular endothelial growth factor in tumor cells[J]. Cancer Res,
2003, 63(21): 7277-7283.

[45] INNOMINATO P F, FOCAN C, GORLIA T, et al. Circadian
rhythm in rest and activity: a biological correlate of quality of
life and a predictor of survival in patients with metastatic
colorectal cancer[J]. Cancer Res, 2009, 69(11): 4700-4707.

[46] ORTIZ-TUDELA E, INNOMINATO P F, ROL M A, et al.
Relevance of internal time and circadian robustness for cancer
patients[J]. BMC Cancer, 2016, 16: 285.

[47] INNOMINATO P F, WREGLESWORTH N 1, KARABOUE A,
et al. Rest-activity rhythm as a clinical biomarker in cancer[J].
Lancet Healthy Longev, 2023, 4(7): ¢304.

[48] ZENG Z L, LUO H Y, YANG J, et al. Overexpression of the
circadian clock gene BMAL-1 increases sensitivity to oxaliplatin
in colorectal cancer[J]. Clin Cancer Res, 2014, 20(4): 1042-1052.

[49] NIU Z F, LI Y H, FEI Z, et al. Circadian genes Perl and Per2
increase radiosensitivity of glioma in vivo[J]. Oncotarget, 2015,
6(12): 9951-9958.

[50] RELLES D, SENDECKI J, CHIPITSYNA G, et al. Circadian
gene expression and clinicopathologic correlates in pancreatic
cancer[J]. J Gastrointest Surg, 2013, 17(3): 443-450.

[51] HSU C M, LIN S F, LU C T, et al. Altered expression of
circadian clock genes in head and neck squamous cell
carcinoma[J]. Tumour Biol, 2012, 33(1): 149-155.

(R Shifth)

A5 A DI, EAE, MR Ry I
JRIT AT A [T]. R E B B2 AR, 2025, 35(6): 51-59.

Cite this article as: MA Y L, WANG X Z, CHEN M M.
Chronotherapy: A new direction in personalized therapy for cancer[J].
China Journal of Modern Medicine, 2025, 35(6): 51-59.



