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Abstract: In recent years, the oceans have provided an important source of highly promising new anti-tumor
drugs for innovation and screening, with approximately 56% of biologically active compounds being discovered to
have anti-tumor effects each year. In this study, we classified and summarized the approved drugs of marine origin in
terms of anti-tumor therapy, and firstly, we briefly overviewed the role of the immune system in cancer pathogenesis
and discussed the current dilemma of cancer immunotherapy and highlighted the main anti-tumor targets of marine
drugs. Further, with a focus on tumor immunity, we classified and outlined the history of currently approved marine
original drugs by species origin, structural features, relevant pathways, and clinical application and therapy. Lastly,
the limitations of current marine drug research were discussed, as well as prospects and trends in new drug develop-
ment.
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RS T HERRI R 3/4, A HA LRFEEW
M RENE . TR, BEAE N XS R AR B IR 1A
W IR 2R, R R 22 U VR SR VR IR R SR 7 ) S H A
R IAE R 2 A BB A AT E 2008 4R B
K, BRAEAT B 1 000 PV RV 1) R IR 7= W bk R BN,
HA 204 56% M AEDEEAGE Y B A UM E v

FH T PE IR B (R R IR A, AR AR M K R I R A
VI EA R B L, Rk, W AR s A A )i
e ELA URR (A0 5 S5 R L I AR S M . IR R AR
72%) (marine natural products, MNPs) =& 26 5 DL FL R
B T T R S AR I AR, LA L 20 bk 2
AR IR B LA 4% i I R A5 R AR I 3™
S H S KA. R 1R T BT SHEH TIlER
S0 PR AR5 B PR R PRIV SR USAT AR 25
1.1 BEY EEFEEEZIUS Y RMERE, O8
TE H 2 PR H IR DTRR ) RS LD AR P A R e
T AR SR DU AL S . 9 o S 1 B 2
i B PR (Food and Drug Administration, FDA) it
HE T 97 PR 28 1 0 R AR K 48 i 3G 22 0 )oK
ZHK (midostaurin) & MEE R 1 A BV S I 2 A

FOOE T ok, 8 3 5 8 ) A I C (protein kinase
C, PKC) KAEFUIEAE -

T VETUAE ) BR IR AR 7 00 2 e SR S B o
T — AN EE S W ORI RE YA AR S
=4, Wl discodermolide . bryostatins . sarcodictyin- eleu-
therobin A1l macrolactin-A, 35 B4 204 #) b8 A= KB4,
AL, EAFAE O 28 € 1) E A AR RIE I, IR N 2
Heb sy R B E AR ), U kahalalide F, #0530
Xof 22 Tl b e 240 R ) S S AR R A B R AT S A
R 5340, W EAENRTURGMIT Rk b
A E B W M, A 3R IR 2 R T wewaka-
zole B.curacin-A . apratoxin A.GSV 224 ¥ % % Fje 41
LA . 2 P 2 B B PR AT A A B
1.2 #E4 DL R T b7 SE R LD Rk R AL
MHFEES RGN ER EETTI, B AKYUE
2 EEORYR . ARG IR T, KRR K4 B
brugin. #Z [ #i 1 5 2 ¥ 2-benzoxazoline  ZL ¥ Mk I &
R I granaxylocarpins A & granaxylocarpins B i 15
B T 7 $2 LW 2"-O-acetyl cerleaside A 17b-neriifoline
J% cerberin 5 35 & B xF 2 i A ik 96 4 B A A SR 1 AT
i R

Table 1 Marine-sourced/derived drugs approved for clinical use or drugs in clinical trials and preclinical. FDA: Food and Drug Administra-

tion; FLT3: Fms-related tyrosine kinase 3 ligand; PDGFR: Platelet derived growth factor receptor; VEGFR2: Vascular endothelial growth

factor receptor 2; PKC: Protein kinase C. MMAF: Monomethyl auristatin F

Dru,
Drug Drug category ; tg Indication Drug mechanism of action Company
status

Cytarabine/ Antineoplastics FDA Acute non-lymphocytic leukemia in Competitively inhibits DNA polymerase Jazz
cytarabine approved adults and children, meningeal leukemia, and inserts into the DNA strand to Pharmaceuticals
hydrochloride acute lymphoblastic leukemia and terminate the activity of DNA, so it has

chronic myelogenous leukemia in blastic the greatest impact on rapidly dividing

phase cancer cells and bone marrow cells
Eribulin Antineoplastics FDA Breast cancer that has metastasized, Through a tubulin-based anti-mitotic Eisai Co. Ltd.
mesylate/ approved liposarcoma that cannot be removed by =~ mechanism, leading to G2/M cell cycle
Halaven surgery or has metastasized arrest, disruption of the mitotic spindle,

and ultimately apoptosis
Brentuximab  Antineoplastics FDA Classic Hodgkin lymphoma and The drug induces tumor cell apoptosis by Seagen
vedotin/ approved anaplastic large cell lymphoma blocking the cell cycle progression of
Adcetris cytosolic microtubule channels from step
G2toM

Trabectedin/  Antineoplastics FDA For patients whose cancers are advanced Trabectedin binds to the minor groove of  JanssenProds
Yondelis approved or cannot be removed by surgery and DNA, blocks stress-induced protein

who have already been treated with transcription, induces DNA backbone

anthracycline-based chemotherapy cleavage and cancer cell apoptosis
Midostaurin/  Antineoplastics FDA For the treatment of FLT3 mutation- Midostaurin is a multi-targeted protein Novartis
Rydapt approved positive acute myeloid leukemia, kinase inhibitor that inhibits the activity

aggressive systemic mastocytosis,
systemic mastocytosis with associated
hematologic neoplasm (SM-AHN), or
mast cell leukemia in adults

of wild-type FLT3, mutant FLT, KIT
(wild-type and D816V mutant), PDGFR,
VEGFR2, and serine/threonine kinase
PKC family members
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Continued
Drug . . .

Drug Drug category status Indication Drug mechanism of action Company
Belantamab Antineoplastics FDA Used to treat multiple myeloma that has  An antibody-drug conjugate (ADC) that ~GSK
mafodotin/ approved returned or has not improved in adults mediates tumor cell killing through
Blenrep who have received at least 4 other MMAF-induced apoptosis, antibody-

medications dependent cytotoxicity (ADCC), and
antibody-dependent phagocytosis (ADCP)
Lestaurtinib/  Antineoplastics Phase III  For the treatment of pancreatic cancer Multikinase inhibitor with potent activity Kyowa Hakko
CEP-701 and acute myeloid leukemia (AML) against the Trk receptor tyrosine kinase
family
Polatuzumab ~ Antineoplastics Phase III  Treatment of adult patients with relapsed CD79b antibody conjugated drug, which ~ Genentech
vedotin or refractory diffuse large B-cell can bind to B cells expressing CD79,
lymphoma release monomethyl auristatin E (MMAE)
under the action of lysosomal protease,
and kill B cells expressing CD79
Plinabulin Antineoplastics Phase III  For chemotherapy-induced severe Plinabulin is a guanine nucleotide BeyondSpring
neutropenia (CIN) exchange factor (GEF-H1) activator, Pharmaceuticals
accelerates dendritic cell (DC) maturation
and promotes antigen presentation, T cell
activation, and prevention of neutropenia
by activating the immune defense protein
GEF-H1
Marizomib Antineoplastics Phase III ~ For the treatment of relapsed or Irreversible, brain-penetrating ubiquitin ~ Triphase
(MRZ) refractory relapsed multiple myeloma (proteasome) inhibitor Accelerator
(RRMM) and glioblastoma
Lurbinectedin ~ Antineoplastics Phase III ~ For the treatment of adult patients with It is an inhibitor of RNA polymerase II, = PharmaMar
recurrent small cell lung cancer who binds to the minor groove on the DNA
have progressed during or after platinum- double helix structure, induces tumor cell
based chemotherapy apoptosis, and ultimately reduces cell
proliferation
Enfortumab Antineoplastics Phase I  Used to treat urothelial cancer (cancer of Enfortumab is an ADC that recognizes Astellas;
vedotin/Padcev the lining of the bladder and other parts  nectin-4 and delivers the anti-tubulin Seagen
of the urinary tract) that has spread to drug MMAE to cells, resulting in
nearby tissues or other parts of the body  cytotoxic death
or cannot be removed by surgery, and
has worsened after treatment with other
chemotherapy medications or if these
chemotherapy medications cannot be
used for treatment
Tisotumab Antineoplastics Phase II ~ Used to treat cervical cancer (cancer that Tisotumab vedotin is a tissue factor (TF)- Genmab;
vedotin /Tivdak begins in the opening of the uterus) that  targeting ADC designed to target the TF  Astellas
has not improved or has come back after antigen on cancer cells and deliver the
treatment with other medications or has  cytotoxic agent MMAE directly into
spread to other parts of the body cancer cells
Plocabulin/ Antineoplastics Phase II  Breast cancer, colorectal cancer Binds to tubulin, thereby interfering with PharmaMar
PMO060184 cell mitosis
Ladiratuzumab Antineoplastics Phase II ~ Treatment of triple-negative breast Conjugation of a monoclonal antibody Seagen;
vedotin cancer, hormone receptor-positive breast against LIV-1 via a cleavable linker to Merck & Co.
cancer, and other solid tumors that MMAE, a potent microtubule disruptor,
express LIV-1 kills cancer cells through a mechanism
that interferes with microtubule formation
Plitidepsin Antineoplastics Phase I  In combination with dexamethasone for ~ Specifically binds to eukaryotic PharmaMar

relapsed or refractory multiple myeloma
(MM) that has failed or is resistant to
other therapies

translation elongation factor 1A2
(eEF1A2) and targets the atypical effects
of this protein to induce tumor cell
apoptosis (programmed death)
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Y L ) A S B AR ) 2 B 25 P 1) 2 R

SR, FLrp 20 Vi A AR D9 AR 1 2 0 BORE 3R
YR I PR E . B R B IR AR A
(Chondria sp. Condriamide-A)~ 42" Bk A Y (Cauler-
penyne sp.) 3 B A Y (Cystophora sp.) 5 B AR
WY (Eclonia cava) 2535 3% I fje e B0,
1.3 =i fElEs I h, AR A5 2 ) lanesoic
acid 912. isofistularin-3 . urupocidin A A& urupocidin C,
Bl R IR 22 s A0 2R R A Sk S A A . Ui
43 8515 F [f) ET-743 . aplidine, LA & I G 1 4y 85 13 3
ff] dolastatin-10, ¥ K “I* 7 & ¥ kahalalide F, # #§
bryostatin 1, % 1 FCE $2 HUY) AE941 ¥ 48 I A B U
BT A U

WP RUT A UM 25 M R K 2, AR S L 5%
G BT 0], R I AF K B A SCRIE L 45 SR AT VA 9N el 4
2 BB S TEIm PR P A R R jE) R

16 T 5% RGAERRE R AR R AR i g B0 HE
LAY, 1909 4F, Paul Erlich $ HiAB 15 iRg vl g
i RS EHIPY, B JE£E 1957 42, Thomas £ Burnet
TR g G R R, DA S Ik 24 i S 4 B
MRSy T, KA S B B ALAE T, B R R4
TR RAZ AN, R A . FEI LB LA, B
Yo% R G0N H AR R AR T T Be— )7 ik AR
U TSR RIT B ST R E I R S R A,
o R T B0 R 6 3R 1 g A, BB O UM SR
JR72223, LR S vy T 3 B AL PR 1 S R 5 77,
T TR AN ) 5 2O 40 L, ) S A L ) T e
ERINE il MR NP Rz /KR A S K TP S
[ 404 2 (interleukin, IL)-2.IL-7.IL-12]. i1k [ 1
2% [CCL3 (CC chemokine ligand 3).CCL26 (eotaxin-3)«
CXCL7 (neutrophil activating peptide 2)] A H: fth 2%
MFPREDD ., TR, H R En T CERE,
G A A A R o g AR, B ) S B A A A
3 M T Wk EL 40 i AH X 2R 1 4 (cytotoxic T lymphocyte-
associated antigen-4, CTLA4) 1 72 7 M 2E 10 % 1Ak -1
(programmed cell death protein 1, PD-1) #I il 57l, & 1k
SR G e, AT A0 e 3 3906 36 mi ok St i 33F ok g 4
MFET, HAl SRR IaT H IS 17— RCeR. —
Bl G B YR T2 e 0 B3 T 4B M AT A Ah deiss, DAL= 2E
5 € BB IR SR, A FR DA iR G RS2 A T 4 i 4
J7 7% (chimeric antigen receptor T-cell immunotherapy,
CAR-T), AL PR R E 7 H B AR 47 ROR Y.

BAR G REITIRAT T 1 VF 22 0 E B VR 97 R B, {H fi
Je 210 2 38 22 b 7 2k 3k e 2R 4 M I, bR 4
IO 30 s o R Rk G A A R T, AT BIR ) 4

LI F IE A e B, REF TN R R £
AN TR] P B A B 1 R BEL T G 12 A 7 s 13 T A e e
J6 20 H o G B 2R G AR, PR AR G 9 R G I ) R A
A IR A M . SR, XM SR AN AE B IOR AR AR
PUIhIE T 48 B I A4 &L, FEAS =2 BT A IR A6 1% g%
VAT SRS S, N, R NS TR R R N
5 9t PD-1/F2 7 PESE T BL A4 1 (PD-L1) ¥697 MR
SN o BRI AESRTT R ) CAR-TYT Ik, Al xf T
Y AT FE R, 76 T 40 3R 1 A2 8 RaA Pk & &
B, W T 5 4 SURE 25 T8 00 B B R e 1, AT R A
AL T PR PE T 48 B 52 44 1) 5 =Xk & T 48 v AL,
3 T 20 A e R 50 I 25473 IroRg 4 o AEZE R 1 5 22 )
FRAE T CAR-T 40 M AE M 9 19 38 B, 7E4E )5 210
TR R, BRI %o K 22 o e A T e Ak

B4, I R B G 9% T IR AE W R N A A7 A — ek
FEIOAS RSO, HI AN ) e o7 PR 4 928 7 ¥ 1) 2R A g
Fo YRR T H BLIL-2 A, KFIES 245 K T4
JH AT [ SR 25405 40 B (natural killer cell, NK) )2 2% K it
BN, IR BN IS B IR IR B LR A, HE S
BB 2 A E R, XA 40 I R T VA AR B AT I R
7 FH HRBR i 4 2 (1 32 R R G MR R
1 (irAEs) 1E 9 G e i 25 sS4l 77 1) 32 A R ROV, H
B 1 DAAS [ F 40 28 70 7™ B A% B v] 52 i LT AT ] 38 8
FERAE 2 51 2 P 2% B R S A I B,
Z s R B A, AR R T RCR U R CAR-T £
ARIENG PR B A 5 — R BB AG o 1% PR R 1
BN A2 BT CAR-T 20 M 1 9 38 IS S 50 2
925 200 i K S i e AR A R, AT S B A B R
ST v, Feil ARORE IR TR B (CRBE LIRS < 9% 55 AN
B2 B AL ) 30 7™ FORE R (i i e P 5 v | e I
DIReF i fl 2 28 B R g i), Bk, a2
CAR-TH AR M — KA R, HETANH FEZFR Z
FH T 440 A PR 7 A P K 4 DR ek o i o
BENFIXPHE R G, 5] S ISk VIO Ve = AR
FEEEURI S A8 /15240 RE R IR BRI 2 Bk
TK A RE AR 22

BT BRI T iE N R PR AN R B AT TE,
AT T E I PR S FH A 00 200 2 3 AT 5 ) M ), 42 ok 25 1
W TRFRACEE, AP Tz N . Rk, B2 800
Yo S BT RS ATI R TR, T 3 8 I R 2 W A 2
Hrp sz BP,
3 MERREXAEEAY S L RIERILE

N B 858 P SR A PR A A A 3 U AL A N i BT
VB AU F= Se T 2 Fh 2 R ) BN AL S JE M, )
1 R B KRR R R U AE I I T R S BT B2 9 4
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DFNEE SR o IR T IR U 24 D T R g
AHRHIAE R F 20 R =KT7 1A, —A =2 LA RS AH
SR R B BT TR R I 5 B BE AR A S K 245
LW, 55— /N2 £F X JAK/STAT (Janus kinase/signal
transducers and activators of transcription) 15 “5 it % Fll
cGAS/STING (cyclic GMP-AMP synthase-stimulator of
interferon genes) {5 5 #% 45 [&] A7 40 % R Gt N FEfilt if
AT G LR 5T BRI MR T2, e AN I AT R @ 4N oK KL

DU 25903815 ARG R I e IRk . 1R84S T

i 96 B 5 A G PRI 24 400 23 SR AR R L) S 0L 5 e e
HERAgIN) e VA

30 BRRERASSHYEEKY  HAFDA AN
I R AR B8 87 %85 22 1) 2 e bk B — e AN 5 005 R 4
AH IR S8 20 B e vt I U AR 25 AR Bk . 2RI
LRSI — 2 P A AR A PR 0, B S B ) 2
YT RAREIRTT o PURZRIBAY) i R IR 259
FELLPIRIE AR : 58— Pl AR &R e VAL
MRFERBE 2, SPUMIE 45 &, 1k B3R S IR TT
H 1, 4 F 2 3 H A AR (eribulin mesylate), & T~ 2010
S AH 3R FDA I #E F 160 97 7% 7% v 5L IR 10 S5O0 B8 1)

MBI IR 23 . 3 H AT AR M R IR ) g 4T 2
B (halichondrin B) 45 #J 4 44.15 21 (1) K IR ER S5 L4, w]
HESWEEOLS G, IHIA 255528, 5] 4
ST A ) R OIS R UM R AR . S Ah, H AR
AR LA S R A SRR MR AR, R T AR
ERLE A BB R AR N PU IR 25 S B R A A
I, W12011 4 FDA k#7114 245 4 48 X 57 brentuximab
vedotin (7144 Adcetris), °] - T-V697 4= & (0128 1 K41 AE
IR (ALCL) FIZE & 429k 298 (Hodgkin lymphomay).
o, 259 A (1) auristatins E Y5 T G 88 = M HATAE
W), AR R ™ B AN R S AS B U TG IRV T, 8
it 5 CD30 HiH L, PR S PE4S & CD30 [H PRtk B3
S i I T PR ASCE T B, AT 5 S0 B R A BEL 9 R 5
FP TS, Ak, i polatuzumab vedotin (7 i £
Polivy), SKIE TR A #EHE, 5 B 40P Ji 2 7k
HHCD7 L &, H TIRITARE & &k 2
(NHL)- 1 14 bk E 20 Ffd 19 1fL 95 (CLL) bk B2 9% < B 200 Ff vk
T AV ok B2 88 (FL)PY. HoAth S5 29387 enfor-
tumab vedotin, 7] 4F 53 ¥ #E 7] nectin-4, T 2019 4 12 J
3K FDA e F TR 97 # B M R % b g™ thahik
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Figure 1 Classification and mechanism of immune-related anticancer marine-derived drugs and their combined application with immuno-

therapy. JAK-STAT: Janus kinase/signal transducers and activators of transcription; CTLA4: Cytotoxic T-lymphocyte-associated antigen 4;
PD-1: Programmed cell death protein 1; PD-L1: Programmed cell death ligand 1; cGAS: Cyclic GMP-AMP synthase; STING: Stimulator of

interferon genes
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F belantamab mafodotin, 7] 43 57 14 ¥ =] B bk 2 241 A )
BT, T 2020 4F 8 H 3K FDA LU FH 16097 5 & /MR
PEZ R #ER (RRMM)™,
3.2 JAK/STAT ESEBHEXMEFEREAY H
AR BARE R 1 RIE I BUE 29V TE S s 1%
1% by — e E B A, SR, LR 40 A BT AR A i Rk
F5 e Har et — 2 ar . A, @il A S EA
o P AH O 8 % R HE B R A, W1 JAK/STAT {5 5 il
&, W2 H PR e T AR

JAK/STAT 15 5@ i i 3 AN 8870 2 %, 43 il 2 2 i
5 P T IR VAR DG 2 AR A% BB A 5 1 TS 2 TR
JAK FI= A2 2500 (1 55 305 TR STAT KRR - {5
5 ORI S OE R TR R 75 5 5 S b LA
BRAE AU 40 Mg R 7 QT 4 3 (IFNs) A1 A A &
(ILs) 2530 i o4 5 1 52 AR 45 & (E 4m i 32 1, 4l IR 1
AR JAK F% R 0 A BAE ™, A 5 52 40 I 2 R
FR AL, SE4E STATs fifi J k AE W R 1k, 0 R 1L 1Y) STATS i3k
— B RN B MM, N T TR E R R
IR JAK/STAT 18 B A2 — A B AR <7 015 5 5% 3
W, S5 RMEM L BRERE LRSI
PR B N AT 5 B R, I IR S
IR RN B o e R

V2070 R LT3 /U 8 e 7 i PR AR
WAFLERAE T - Bl dn, 76 f 2 (B8 fa e 3]
JOK 8 B L 1 R0 K P VA Bk ) A7 7E 5 0 L 3 A ABL Y
IFNs, HHAEH & 2R3 AR — 5%, Santos 21 4
SR TR IR Tt 2 T TR G K] T 52 AR % LR TAK
I STAT3 45 & 547, JFIE 7 H AL H f 5 5 H 130
Y54 (JFGPH) )% B ThfE . Zhang 21 7T £ B,
JAK/STAT 38 #% ¥ 471 S ot #0 il DX 1 A B IR 145 5 e &
i1 K7~ 2 (suppressor of cytokine signaling 2, SOCS2)
2 5 8 B R (1 G DA R B . T Mu 28R 7R
K35 i (Pseudosciaena crocea) W& 7K <, . fl 1 J&& Gy i
FE 1, JAK/STAT {5 518 #% Fl Toll {55 S MAPK {555 3%
[F] 25 e K% I M ARG . 1At 75D B HE
s, W2 2k N Pinctada fucata ' 11 SOCS-2. 7 i
o) RbSTAT4. FL 44 5 Xt iiF 7 ) LvIAK ¥ 5 JAK/
STAT {5 5 i % AH 51,

BN K 1 (bryostatin 1) A& — i 2 R I8 1) 1 il
JE 2%, Fl T CLL YR YT . Battle ZEC7 i 57 % B &
& ELFES TRy AFNy) E 2 W LA PKC K i
P77 KBE STATL, X0 & #4012 175 F 1 CLL 41 e
AL E R E . Hong %P5 BILIE £ 4 9 cembre-
nolide i 2R A9 LS-1 Al i@ id i 4 5 (ROS) HAfiHL
1) 5 T AN M R T, X 4 i o 4 L A R 4 i

PR . ZABWILRETHE S c-Jun N K Ui B (INK)
(1) T 2 A4 F1 STAT-3 [ 22 W B2 1k . Apratoxin A #& — Ff
A B PRV OR AR, T RIS A ) STAT3 B R AL -
Liu Z™13% B apratoxin A 1 il IL-6 5 5 ) JAK/STAT
55 IO, S BH b i B T A R AR T 2 R I R
UG ) N-BE B AL o YRR SRR TV 21 Gracilaria
verrucosa [P ¥ Wil Jig 7 B8 GV-c9 A1 GV-c10 i i BH
NF-«B % 5 AL A1 JAK/STAT (p-STAT 1) 1 53 1% 10181
AT, B $5 NO (nitric oxide)« TNF-a (tumor necrosis
factor-alpha)IL-6 ;= 45,
33 FEERBEZME RIS IR B TR
IR R R A QR S B2 & T A
BE, BN NS — PTG R AT A B AR AR AR AR T SR
B TAEMESD . BT T AR iR, 72
RWEEEZ) B A L5 2 MU A EEAER . %
RWE T H A s Ak, e 0 35 5 s 25 W) DR AT T RN
2R EERT . A I TR B 5T BN A AR Ah
rMR AR, wTAE B s o) 4 B Ak . R bE
O 2 FAEA R 5 7 UK 7 i &= 25 W AR B
I IRFARY . AL, 7 B NEEL A R R B, CRH R
P JofE T 3 i) G B SR AN g, AN B TS R IR 45 2,
[l 1 76 ZR0H 1R 3% e A5 11 A B T 3k e R e AR ik 2L 208
I F A R T 7R

ST IR RRL BT T34 338 S /K PR 25 W RN g /K 1 24
W, 18 il — DU Fi R, KIS 2 2 FE A (DOX)
CIBGBVRCE# Sl AR D 3 = EE RS AR P N
Wi, ARG ZANKNL S i ZER BT 4R &, SEBLE BN EE A
Zipiak, T v ik 5 K 22 B g 245 W0 AH G 1H 4 &
AR LR 5 — T 5T s, Rajan 555U FH B 1
AR £ T — Pk A 37 B 5 R 1 -5 - PR B IE (5-FU)

Vo R BE-PEG- I R AR E S ML, 1R W

2410 25k AR, BRARE e 1 BEL 1) e 400 B, AT 42
i1 5-FU I ZE WA L OF 8 A R R R . T Cavalli
SOV % (1) F T 38 3% 5-FU (1938 24 5% 8 B8 gl K BRANY
A LA IS T) R e 52 A0 i v T 2ok 2 HT29 (N 46 7 B
Jig) A1 PC-3 (I A1 e -3) Jil 83 40 ) 386 3, 0 HLad
) G 55 N T & bk A B2 40 i (HUVEC) B & B . X4t
W AR R B, 2 T2 BRI A nT ge - K 2 M A
AA RV 25 .

bR TAEZ bk R EEAE R, e R T w
Ve EVI R A PH B T MRS RRAE, A R BE BN BEAR
R A7 o 58 SROBE AT 3 S A VAN 40 i A 5 1 2 I
L, 7 H 5 AN 58 4 85 I AR 4 B 2807, IR T &
G A A AR (Imject Alum) ) G . HE
(R, 50 SERE )R AP S O B A8 25 243067 PR I ] B 4K
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T A8 7 SR S22 DA S IR 200 S e i 1 o e SRR I T
38 o 7 I 41 i R Y NLRP3 (NOD-like receptor protein
3) RAE /MR T R T, R IL-18 3.
Padiid, 7o BB T 2R 1K DNA /5 1] cGAS-STING
AR, SRR IFN 1700 . T8 TFN Seid il
W TR A0 L, 3 35 S5 0k 2 6 J ¥ Thi (124 T % 8D
S ) B9 e R0
4 BR#MEVEERFEAY

H A SR b T i SRR B s 2 b .
B 2021 ), DL 12 Mg sk IE TR 2450, &
SRS T 2R BB AR B B 3 AR R A
B, A W4 .
4.1 Plitidepsin Plitidepsin /& — 4 il 25 1% ik, £ %)
TEHFHE Aplidium albicans TR WK A, plitidepsin
SR AR AR P BRI TS i TR Aplidium
albicans B N A, H k= o] 68 019K P2 #7250 B0 B 24
457 1 75 12, plitidepsin H B 438 1 2 25 4 & B & B,
#4 5 Thr 1 piruvir-l-pro 3% 4% 1) 3 M ZE R (R)-N-Me-
Leu 1 6 A 2 J& B W 55 20 Bl 1) 3 8 0% B2 70 — 7,
Plitidepsin #% it #E H T-¥6 97 2 K 1L & BB (75 o 44
Aplidin). W 7T &7 plitidepsin 470 fif 8 175 P A 5
B IE R T 1A2 (eEF1A2) 25 [ (A EAF A 5,
A5 5 B U R, B0 Racl GTPase Al 41 il 25
WE IR, 1X A B+ INK Al p38 22 24 J5 i% 4L 55 (1 i
(p38/MAPK) fy R I AR L 380E, DA E ST, it
Ah, IEAESE T B A B C delta (PKC-delta) 1 5 pliti-
depsin A M5 A FH, 3£ 2 5 caspase 2 K0S A1
TCHIHAT . F5E b, FEZ9W096 97 5, PKC-delta Ht 25 11
21T B L B A= 7R 240 i ) A 9 2 R
4.2 Trabectedin X E 25 {l 4 lurbinectedin Trabect-
edin /& — P VY &0 5 v R AR W0, A DN By BL i i 9
Ecteinascidia turbinata 17y B 15370 J5 R4k % 2 9
B 54 Candidatus Endoecteinascidia frumentensis {17
P, e S ecteinascidin g TP — AN AR H A R B
WA, &6 2.3 S5 E (THIQ) MEFE Al 1
AN R A SR E BE 4. Trabectedin CL 4% b #E T
ANRETF ARV B BRI I A 42 2R PR (R YR T 250 -
WFFE R B, trabectedin 1 1F Al 2 8L 5 DNA B E L
(AH AR kA S 1, HrT v DNA R i /NA 5 & &
GC [X [1) DNA J7 51 4 &, {8 00 08 e 157 i) K V8 Il 25
o 43 BT ] DNA B2 e A s, 5 8 B iin &4
[ %€ BB AL, i1 XPG (xeroderma pigmentosum group
G) BLRNA & M ITAH HAEH, S EO0UEE DNA 2,
BEL BT &1 B J& 3, 5 T 4 B 0 T ) Ah, 1B B 0 BE
DNA i 24 1) [7) J 5 41 (HR) 4%t 4 I\ N 7E trabecte-

din KI/E I ALEI P EAEH . 5 kE 57 B oR, trabecte-
din 7F 27 BE il I8 201 B (1% [ B 3 e 52 1 e 8 ikt 2 1551727,
R I A X B R R A L FR G (R A OC R 4 ) K It
E M5 . Trabectedin % B A% 7 Wi 40 i B AT B4 AE
HALH7E T trabectedin 2 VIH filt /& caspase 1 5t 14 41 g
T2, BT 8% 4l & R Ik caspase-8 L i 2 4K
TRAIL-R1/R2 (TNF-related apoptosis-inducing ligand
receptor 1/2), caspase-8 P HGEEyE, 7 SN A FT,
Lurbinectedin #& —Ff A\ T.4& 1) VU AL E [4,3,2-
de] MEMR-8(1H), W] & N Y E. trbinata 1 53
B VLS Y ET-736 B — KU . 202046 H,
lurbinectedin 3k FDA fk# F T-7£ 40 Je AL 7 (Rl 5l 2 5
9o 17 3 2 1 B A /0N A B it e s N BB Y. SR, AE
CORAIL I #1567, lurbinectedin 7 4717} 24 B 5L A8
FHHRYT RO TR 2 AL Je ik 2 b 2 aldn b
Y. Lurbinectedin B A7 2 FiAE AL, 4545
A0 G B R R Bl 1 AH ELAR 0 % sk R 7 B DNA
BE ¥ LR RE S CGRIEIF S, iS40 i &
AR B A4 SE T4 A A trabectedin SR AL,
lurbinectedin [/ £ 1 58 982> it I8 AH O 5 05 41 i 1) £ =
NN R R e
4.3 Midostaurin Midostaurin /& — Fft 5] < 4 2 4
T staurosporine [ 2R LY), ¥ N AE FE BN W) Toealensis
HR A H SRR, Midostaurin T 2017 55 3575 FDA it
e, W TR 7 B2 B FMS FF 1% & BRI 3 (FLT3)
RAFBHAE SR RE R O 05 & FE A5 #E T B JfL H (cytara-
bine) F1ZE 415 275 W i £ IR ] sl 28 1 R 4
JIE K &4 B 38 22 90 ) e N JR 1 Midostaurin 1] #E ]
% PR (VS 0 FLT3PKC AL P AR KR T %2
& (VEGFRs). Midostaurin 5 staurosporine [{]£5 /41 EL,
M B IO T 31 W B e g, BRAK T 2 1R .
K W E A B A 1 JEC A e 0 o1 770 A ] R e S )
JE [* FLT3.JAK-2.TRK (receptor tyrosine kinase)-A .
TRK-B.TRK-C FA7 i Y [¥) 2 Wl #01 7] enzastau-
rin [PKC B #1 GSK-38 (glycogen synthase kinase-3 beta)
7] A1 CEP-2563 (TRK-A/B/C #1 i 71)7°51,
4.4 IE-ZHEBEEYD 2 bR g
Bk, H &5 H T Ik -24 B (ADC). H i,
brentuximab vedotin /& & /> AL AE AT H) ADC, H A7 2L
Ak B RIME AP 35 4 ) MMAE (mono-
methyl auristatin E) 43—~ 8 1 [8] k& 47 %o 28 ik 2 2 5
R A 2R g v DB ) (R IR - N R fl
A H R N S Sk 9 IV i 25 B 1) B 2 ] 5 1 CD30 Bt
{Ri%ERB: . MMAE 5 dolastatin £ £5 A0 [F] I 45 44, B T C
iiii dolaphenine 5% =4 (15,2R)-(+)-2% HRR S BR HUAR ™
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MMAE [ 1= 8 P 48 H Jo vz s 4 ™Y, (R, 5 otk
g e HOM e 40 p i 2 A, — B AR SR a3
WEAE N A, W R Bt s R R A IR
MMAE B 2 j i oF . MMAEE RN R IG5 F 2 HL
AT, 5ME S S, BRAHIHE RS, 5 S G2M
S o R B BE A, 2T S SR . B HAA A
7 I SR B LA 2290 25 (KB AH L, 1 TT Y
710135 200 f% . Brentuximab vedotin # FDA it i /A
T A Sk E R 4 By ) AR M K 40 PR bk E2L 988 Rz JER R 4rb
JE T 4 H 98k 987 () A [ 3 ERE ™

Polatuzumab vedotin /& 75— LA MMAE 45 20
53 BT ADC, 12019 43K FDA fitifk, 540k 5w 7T Al
P2 A TR 2D M BRI 5 B R B
1E B TR IE MK B 4 bk e S35 3.5 4 MMAE
715 NJEALEIPTCD79b 1gG 1 HUIRMEE™ ., ZPuiki
B S E IR TR AR I B AH b S FE R A, AR T AR
R R . A R T — U B R BV DR
PE K B 40 H itk B9 28 5 1 22 o0 To/IL BRI 7T, i 0T 9
Xt % NBEAEA ASCT (autologous stem cell transplant) 28
DI IT R E BN IE B A B E

MMAE 1 /& enfortumab vedotin {75 80 14, & T
— T F enfortumab vedotin 1 A 5 2597 7% (1) 1L 1 PR
I 45 L0, % 2T 2019 47 3k FDA fit e, H Fia
JT G T $2 %2 PD-1 8¢ PD-L1 #0017 A& 4040 7 7 R )
Je ¥ G B B A PR SR B b R R Y FEIX L, ik
B0 1] nectin-4, — A 7E PR B B AN R A A iR 3R
MEM, 5 Ca AR 41 R

Ty — BB I F T8 203 1) auristatin AT AE ) 2
FAHEE auristatin F (MMAF), ‘& A AT MMAE, £ C
i TSR N R R . X5 AR T 40 B v 1, IEA
BT B ) AR 5E 1P, MMAF # 25 A 5t BCMA (B cell
maturation antigen) #j % belantamab mafodotin *, I+ F
2020 £F 8 7 3k 13 FDA b, HI TRy SR BER 2
R R R
45 [ERERETEY &I RAGWER IR
ZiWN D s R T OGERE T . 20 T4 S0 AR L,
Cimino 55"V 3 1 5 ¥ 7 A AT A ) 2R 00 1 Ak
EYIE LGP S SR A 7T, SR T Bz A0 R i 4
Jlif 18 5 (arabinonucleoside spongothymidine, Ara-T) ]
o 5 G, DA B HG A o 2 0T 2B T % T Vi 40 A 40 R
H, AR T R B AR B2 0 A R, BTHE
FITBA] K AR (vidarabine, Ara-A), H: 43 %] T 1969 4 Al
1976 £E31 15 FDA IHEHEDS . (B 15E B A2, Fla i £
R A J Y A2 7E R SR KR (1) Streptomyces griseus B
W S WM Eunicella cavolini Fl P14 & 5 5

PR 1) R B P R 2 S5 TR S8 5 A PO . o A iR
2 JaE ik — 20 e B 25 18 IR 91K VR (fludarabine
phosphate) #1123 47 7% (nelarabine), £ 2005 4 # FDA
b R F IR o

AT 5 i i — ol AT 247, 7 400 M PN A T A P A g
WE YRR 2 A S A R () = Tl TR S A 4, 3 T o)
DNA % J il (935 14 110 5 ' DNA & Ji; tB 7T A\ DNA
PRI, YR ZE T, R, PR 4 2 T
(77 5% () DNA 82 i) 32 fm 5 KU1 Bk 1R
5 —F0H TR T B IR R FEATAE 259, B 1969 4 LA
RO T I - R Ab, BB i i R A4 1 75 3E
A A R R e AR e, 8 s 5 1, A
T ZE K 25 B 5 T X A 45 2R e 4T e FRg e i) O30,

Tt T2 00 5 A W 4 Tz A1 A% 7 R i R 2, Lk
FR 2- TR ENS o 5 ORI — R, B R — R AT
TEA MR N B TS T U AT 2 . & BRI AE L b
LR 1L N 2-fluoro-Ara-A, 2R Ji5 18 ¥ 21 40 i, 76 7 B
Y B 42 B 5 IR o B2 1k N 2-fluoro-Ara-ATP. JG#& —
H 3% # 45 3 DNA 1, 5t A DNA B 28 | -poe0e,
TE W R - 5 A Pk fig R0 R 22 BB I A5 48 VR T RO
A8 1 Ik EL 41 B 1 st

I PR A — b LA A i A ) I S A SR AL )
9-3-D- B $37 A1 WK IR 19 W 04 (Ara-G) FRIZK ¥ P R 14 25471,
S50 0 B (U F AL AR R . 23 B0 S i) 9t P 905 PR
B S Bl 25 TR AL Ol Ara-G, ol i AR5 RN B 4R
I 5 S A g T AT R R I N A A IR = IR
(Ara-GTP) 77 4 20 i 75 1 AR U 4, 97 51 FH It DNA &
Fi. 2005 4, FDA #1245 FH T 2 /b 42 520k i ey
(1) 5 R slCHE vA PR T 40 i 9k B 1RF 200 i 9 I 95 A0 T 4 P vk
B2 BRIk BB R R T T

R R X H A7 AR eribulin mesylate J2& Y5 T 145 1)
fi K 3K Pyl halichondrin B (254004, T 2010 44 kit
T UIE a7, 2 )5, FDAHILHE eribulin
AT FH T AN 1T Y1) B A A A M R I AR v O
5 EFEAMA LIRS REIER=

HEl, KT RGBT EE Z k. w5k,
2 1 SR VR AR G A A2 o) 9 TR AR A Y — S S R
o TEBE RTINS T, TR EUE — A E
= AR A — B, AR AR 5 NN 55 .
BeAb, VR 2 0 SR IR I AR WS VA B W 2 o AR B
AETE K AR B AR P9 R B A 0 T R, T R B A A —
AR SRRTE A RE T TP B IR . 8, TR W AR
WA R B T T BAT AT IR A, AR AR IR
HME AR AL S s A= A7 B 858 17 M DA SR A AR L AL &9 . B
L, 3Pz E YD IR o0 B R IR AP AR ORI M, 7
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BE— 3D ER X LW R (1A B ) 07 1 A7 AE T AT .
2R RS AT S VRRE B AN AT IR R E AN B A
HEVE BN T AL 00 M, o AT AL &1
RITf % . BeAh, BURLAG 3R BURN & G Ve R IR 25 M) B AT
Rk, AT R BRI BRI TR,
IF Hor B R & AR BOR AR 2 B B bk
I, B Ao i e A R AL £ 0 [ KU AK 7 8 A B A
R AR DR A IS FH R A S B ]

PRI AT BH 2 AR L5 [F) i
D2 FETEA B, R 0 0 — b S 5 T SR ARAS R 088
WA HRVE . BTRE L EF 7E 1969 473K FDA #iL ik 5, 71
FHHCT S, AT AR A B YR LT R R L B
rei, — AR AT A 2 B A T AR R T .
SR, AR BRI A 2 — A REIS e XU ) S A,
o KB BCBE, T BRI AL AN ] 25 il 2 1) AT B
R BT R IaEE BUE A RS 5 2
DL B IER, NN 58 2 AR ST EAE, @A — B2
AW IR TT AR 2R, AT R A R 4 SR A M, R
B, J9EEE 2T R I PR R T £ A & .
FAb, BTHFEAELE S R KA B R ILR ST, ARk
B R BRI, LEAE B RO R 22 A R % el
MG OL T, & SERTT AIFEN T . HAT, 99K
SFEFE L5, AR — PP AR R 107, $ A ADC
(K1 R8T, N HA SRR R 25 3R 1 — AN
ZURTE. B, B 2 415 SR W s 4l R A AL A
H RMAFHNEIE, UL A Y2 G, 7L
WP AR T B A LR 250 T R R 1k N B AR 238

E& SUBk: BRPH S S5t SOt S s phie L 67 5t Bk 4
IV ES S ENCE IS Tt e F PR LSS+
IV B BT SCHE ()L R B

FIZEMSE: A 1 & 275 I ASCTEAR SR 3R
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