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Current development of paclitaxel nanoformulations and its
application progress in biliary tract cancer
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Abstract Cholangiocarcinoma is an epithelial-origin malignancy for which radical surgical resection is the
preferred treatment option. However, most patients are diagnosed at an advanced stage, have already lost
the opportunity for surgical removal and are limited to other non-surgical treatments. The standard first-
line chemotherapy for advanced cholangiocarcinoma is gemcitabine combined with cisplatin, but this
regimen offers a median overall survival of only 11.7 months and is associated with adverse reactions
such as neutropenia, thrombocytopenia, fatigue, and anemia. A phase II clinical study has demonstrated
the potential of paclitaxel (PTX) in improving outcomes for advanced unresectable cholangiocarcinoma,
thereby opening up new a application for PTX in the treatment of advanced cholangiocarcinoma. PTX

primarily induces tumor cell apoptosis by regulating microtubule depolymerization, showing significant
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efficacy. However, its poor solubility and high toxicity have limited its clinical application. With the
emergence of various novel nanocarriers, the toxicity and solubility of PTX have been greatly improved,
and some products have been translated into clinical practice. Studies have confirmed that PTX
nanoformulations combined with chemotherapy, targeted therapy, or immune checkpoint inhibitors offer
superior efficacy in treating biliary malignancies compared to standard chemotherapy regimens,
demonstrating significant clinical value. This paper summarizes the pharmacological properties and
application barriers of PTX, the current status of research and development of its nanoformulations, and
the progress in its application in biliary malignancies. It also proposes future research directions and
potential applications for PTX nanoformulations.
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B R A L BRI (cremophor EL, CrEL)
BRI, o3 S BOD ORI D RE Rl 2 R
PE R N AE — RN R, A ] PTX
AT 375 1 o] LR 22 728 30 T RE 2 e A1 A8 A 10 A
W BT, BRG] T R R )iz R ARk
Bl AR W 15 2 0 oK R R A ) A R Y P R R
VF 22 SEREIF 5T B B2 T PTX 99 K i 570 (O BF 2 ), e
RS 280 H [a] I 448 w2 FLOE A B A AE ) R DR, R IR g
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JIFL T R e R 2 A I A R R S AR R DL Y
B 2R G A P B, DR R S PR R, A2 10%~
40% 1Y) A8 T i TR DIBR Y X T AT R B AR
AL AL B R B W R, R YT (B0 BKE
i BV EGE 5 R & AR T e R . H AT — AT
AL EEE A AR (GemCis) 7 Z MY I IR 3K 25 1%
HRR, BEPAEBAEGF (overall survival, 0S) A
JEAED, X EOLIUE M 2 . AR, Al KRBT
SRS, R R A — AT 25 W) B S
T, BRA PTX 9K i ) 5 AT EORS B A 19 I DR T R
TFHE T PTX B G R YT BT .

AR LE IR T A R G A PTX 1 24 FHREE & FL G
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1.1 PTXHYERIE R SR 4L

PTX J& — M KRR BUE 254, NE IR A)7
2y 2 AR R . T 20 22 60 4F AR i 35 E E K
S E W 5T I B RMCRSF PR AL A R S B, 2
— b Tk 2 | AT AR, R R AR
KT ARPEARMG, BoA s B 2R P PTX HoAy & 2%
9 2~ 5 A R 2 7 A A B A R AL, EL R B
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Figure 1 The chemical structure of PTX and its main molecular mechanisms of anticancer activity

B: Main molecular mechanisms of anticancer activity

1.2 PTXHYI R R A R

PTX £ SR J& H BTN 5 )2 0 KRB 259
Z—, R T AR R R B T, A
I PR = B9 17 FH 52 380 Bl ¥ 700 S 52 M R0 AS R B 245 4R 3
D1, BT I R o 5 — Rl R AR Y
PTX il 57 Taxol®4 CrEL A1 PTX LA 121 L 5] %5 it L) 32
A R o CrEL 2 —Fh 3R TG PR, T B v X
PEW) T 0 A B, B A7 A 155 & ™ AR U
B EREME . MR R, W AR AT
Mo FE KA L AR AR P R R T AL B0V RD
it 5w E A FRE A S AR X s PTX Y
2B Iy REE, S gl R A R R BE 0 v A 4
FRLU D RE AR AR SRR RN . A B R
W, m T 2% 0 bR A BT L B R AR S
25 F U X PIX = AT 250, FEAAFE LT L
FALH . (D) 25¥ 5 HESRE (40 ABC K75 ) (1 ik 1
fn, S PTX AhHEHE 3 5 (2) T (40 Bel2)
() 22 38 7K P B0 AR 3 3l i AR BT PTX firh & 11 94 1
5% GOMEEAZRE., MEEAWRNRLE
A OSSR AREGRE . MEE A #E
JRBmR AR (BERRfk . O BEfk) DL AR S
1 G 1y ek 28 AT B2 i PTX X 18048 30 g 2% i VE 1
(4) B4 25 (1 A/C Rk b s R Rk, ml L
T BPTX 5 T A% Bk 4 Fn GO 1, (HLE 43 40 i
ARE S HAE N EHRBEL)ZE A A/C,
V5 X s 4 R 4 I AE T B L

o A, W SEOIE SRR B PTX 34 AT o i Y
TGF-B/Smad {55 5% T 1 s 1 10 410 1 21 44k
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A: Chemical structure;

2 PTXEARFIFIEIEF & BUR

PIX 25 W) B &2 T 00 SR8 . i 50 R
FUME . WMo . SkoUE . B B/ I i
VA 5 30 s A O R R e v ™. (B, R T
Bl 500 A PTX A B 19 35 BUAE L 1% 2 19 58 42 ot il
FVTE I PRI 4352 BR 10 299 oK i 500 2 fige e | 3A
PRI 356 100 8 7 SR POV, T S A K 24 ) o A B R B
B PTX 73 1 T AR A, [ i 5 vy i 2 1
B4 % W (enhanced permeability and retention, EPR)
i e LA PR A i B R AR O R IR A IR R 42U o)
A, T 3G 9 TR T RO BRI S RUAE . B
A& B AR AR A, opk
Pz T K Bk ) o5, R 4 R R A A
S PTX il 0 g Rz L HG b [ PN R 2019 4F BT Y
79 ol 8 0K 1 50 3 ) 2 1 5 JH PTX IR BT (Lipusu®,
Rt gkl 25) FEH 8 H 455 8 PTX (nanoparticle
albumin-bound paclitaxel , nab-PTX, Abraxane® , 7%t
BEZy o)), LAt A Gl 2 TR B 44 K i ) A Ak T
I R 3256 B Be o DA 59 3R HOET O PTX
2 R YR AH AT
2.1 PTXBgR#

JI J5 A S ey IR [ P R 858 IS 2L A XL I
BAmE R, Wotkly . SIS, g
DLKE 25 060 35 T i K i A0, ] LLa o Al 2 3%
2 B HL A B A0 AR B AR R 2590 5 08 By 1 )2 4
AP &R BT R 2 iz T MR A 9T R B
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58, JEHUAR TR I LA o Lipusu®J2& o [ ik
HE 1Y PTX i oA 1 56 W™, 0T 5% i 5 5 7 A4 oy Ak
o N A KT e O = I o i A
(9 PTX W &, [ B A6 36 7 3L R R0l /) 48 i it
I, PR R E AL T AL, (H 2 Lipusu® g
i o AV 7™ F R BB N 1 & A R 7R B Lipusu® iy
30 min T DL ZEK AL 5~10 mg . FE I HL I 50 mg A1 G
WK T 300 mg, AN aEE G TR T AR M SE K B 1 fil
FH, R RERE G ™ A RO Y . AR, BHE
FE LAl 1 IF & HAT 2 Fh T AR A 40 K il R . Wang
AP —Fh ROS BRI B PTX A7 (PSN) 54
£ A 5 BELWT 77 BMS-202 (/N3 F PD-1/PD-L1 411 i
R A, w& T —FEA T R R IE YT W E
T2 1 XL 2% 44 oK PSN/BMS-202 I§ iAo %4> T 1Y
o Pk G LA 0 e R T R L AR R T A 45 4 B
P T EZIRE S, IR T 25 AE R P I 0 IR i
] . PTX fi54E 4 PSN 5 PTX ML AR, AALBERS
VS R A At T, N il & S O, i
AE 98 PD-L1 (9 3R 35, ot o o5 00 ) 2 i 9 B 3R
BE o AN K i A0 X e 40 i o e AR 9 ROS BEK
WA R I PSN, - I 5 22 22 1% #b B¢ ik BMS-202. 1
U % e e WY S 0 A N 1 I e
B AR Ty, DAY 5 G e me R, I AE R AL FL R b
T AR TR e B R 1 b 2 — e R D RDIR T AR
SR, Re B AF e —Se Bl s, AR UE M .
FMERE R L A R AR AR ] Y, s H S B R
Z B T PR .

22 PIXR&EWHEZR

221 ReMkk REWKAZE—FEA T
P e A R , R T I R S A R A R o
RYFE KGR H &AW N o M2 KT G+
il R = = 1 s = N 2 1 T B N O (E1 I o2
G B R Y B2 R G R 0™, B K A0 A R
BiK 259 50 F o BA Y I H 32 B 1 EPR R0 B
SRR TE bR A1 20 3l A 4 18 AH G R Tk e
] FC A4, AT LS B Sl R ) R, Ol 2 AR A
S0 N 1R R A A R A 2 i R R S R
RO IR A R A — B £ 3k PTX R4S
KR, BEIT A T —F PTX B4 ¥ K Genexol-
PM® (4 [€ Samyang 24 /) P, R CrEL, HAA
B M R K 2 500 4, AE I D S BT iR 4 21
Genexol-PM [ {4 P 4T Jib 98 %8 1z W] 4 s T %5 A0 PTX,
T2 500 o B B Ok 2 LR B R R
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Wil o HAT, Y IE AT R 2 Tl R, RR
HCAE W S0 R IR Y | e 0 Sk SBIIR A0 B L e
199 18 T8 JE U0 A 22 B g RE B IR R 3R 4R o R L B
(polyethylene glycol, PEG) 458K J& 2 & ¥ i o v &
IKPESNFETE B G i, PEG b A& Wi W] LA AR 52
P2 I O A R 0 K A I 0T B IS TR], H R R AR
59 PEG 19 94K 25 ) v] BB 175 5 410 PEG 2 3k 1
MFLAR A T 19 ABC BER P e T, Shi %P1t
T —MAE PEG I T REE T AL (aggregation-
induced emission, AIE) . A% 2 F1 i 5 18 1 o2 3R
BE[TPE-bi (SS-CS-Bio) |MHAIREGY . ZREWY
A RLAE KA B b B R 2 A R, O PTX 2 2K
BB AKAZ O, TZ A I B 2 B A 57 1Y ATE Fy
fiE, S E 50 . a8 oK 50 B i Y A=
2% 0T B8 SR b R AN A e £ RO S B = sh B e, JRAE
1= e S B BK (glutathione, GSH) ¥ 45% o] i
B3t AR TR PTX o 200 i 552 56 v ik 52 o 7L i
MCF-7 BAT & R KA . PRI, i oK Al 5
A IR L] ATE 6 5V FT GSH i 13 24 1) R i 55
Z M IIBE, S PTX 94K i 70 /9 3ot A &5 42 41 1
B B

2.2.2 R&mmABA REWHAKFOR AT LUE o
] B R K 2 Rh 254, HAS e R T
Tl BT B A RE T L R A W R . A
RO AP L SREE . R0 MR S e
T A 25 5 LA e XS e e A B A RE AR . R G
Py 240 K AR AL 45 KRB W a1 oK BRI R &
oKk #Hik, Aid FEAETRE. BUIRE .
HEAMZER; FE FTEARAR-BILLRK .
RAMRAE CNEEAES . P R s B K
PERY/NECIRER B BT, 2 i b R e R
BT, 53 ¥4 67 kDao T H RUFI A YA
AWy RESEE AR S R R e, AR TR
P2 Tz . —Jr T, U AR A A
W RVES Z R 25 WA TAE T, DA ke 6 25 ) 7E 1K
PN R AR B L R HAT AT 2 W i 25 4K
i SO, HE RN SN 4L U 4
JE b i A 09 2 AR EAE T, RIS S R e
BC A, Ao BE A S P B s 8 AR o AR, FIEE A
() I 3 T 2 o 19 d, B SE K 25 2 5 R
B e 3 1K WV D, T REAE s K 25 W AR, X
fift FCAE PTXE ] ob e B HE R4 1) i DR A i 54
FI A nab-PTX E 8 &2 N T e PR 45 i Ji 98 1936
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J7, & PTX A — B AL g oK R & A A
2 4 130 nm [ nab-PTX 44 K k7 (1 B 4 2 77 W 41
A, G TV R A DG R RO N B M IR RE
At P A A T L9005 2 b B LR PR AR Y
Ik AT A KT 32 ) 6 T AR G PTX U 9
AN, P& T 5 gp60/caveolin-1 52 (A4 B AE H
WA PTX S 2R R TR . HJE, nab-PTX i1 T
7R 0 A O Y IR AT 25 R i I PR . R T Ut
Chen Z&VHIE ) 7 — Fh 8 41 (1 & A PTX (B NP-
abPTX) o 1T & B % 7= AR i A8 1 (1 2R 3
KR AT DL S A B b MR AN Ak, BOKE A R
H 454 5 PTX (ab-PTX) i 415 NP-abPTX fE % &
HE R 20 B A T B T 2 P 2%, DT B AR A
IR Ger PTX VR B, F 108045 4 B @ AR I [R] B
P75 ab-PTX [ 2 ) R B FIG YT 3058 . i B R
(hyaluronic acid, HA) B—MRIRZH, BA BRI
WA M . AR E . AR R JER
JEE R EE, X2l M ST g = e E B,
IR RE S 5 CDA4 FH 25 46 1 8% FH T 980 1 48 ) v
J7 o HA 99K 259 ] DL i EPR %500 4 25 9 38 1% &2
Jifgeg A, I HU R A b KA CD44, A
A0 HA A5 008 0 M 4% 7%, O HL 3l 2ok 38 W T R
Tit: I ffe 1 100 R T30 24 ) A YA 9T 4 10 Gaol 4§
WF & T —Fp 4% PTX B CD44 Fl A= ¥y 2 52 4K 3T 41
] () HA 49 K BE i (B PTX/Bio-NG) , # PTX B
Bhr i 2543l J1 27, IF HORE AR By i i e 4 i 3R
[f] /) CD44 FLA:= ) 25 58 S PR32 4, 38 2 I A% 2 11 A
INEE AN TN FE AR,
XoF L 9 200 2 30 5 2 198 A R A5 00

3  PTX &K 7 7£ BB & 7 1 i 7 B Il JR
A

T WA R R AR — RAR MR, B
AR AE R0 RS R — b R R
, HEE RN O R & AL AR 4 .
iRV 5 DL IE A U S
oA R PN RS S L TD S R A e R Oz i IR A
SEUOT T JE A R /D DB R R M R A Y
R B MR, RIE TSR R BRI TR,
HEKZHEEVZHE A TR, LLkFR
VIR Pl 2y, H 8RR HABAE T RGBT 2=,
GemCis J7 & J2 W 309 H 305 98 10 — R Ak )7 7 %,
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HE
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ek RE
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{H 2 Hop 7 o R A A7 (progression-free survival ,
PFS) H10S JF RARGF i3, IR A IR,
GemCis Bk & 5% =M 20 i 2 M4 25 4 41 nab-PTX DA A2 f2
PEIR T RS I8 0 IR YT IR T B — BTk . A B
FEIFRW, nab-PTX K A 75 V4 i 152 B 0% 235 198 i 98
SRR BCE AR, I e R e AN AR A e B A L [
JERG A IR, B nab-PTX A E X IR 45 9 A L0 7
FEIRYT RO o — I I PR 38 58 3iE T nab-PTX
LT Y At Y XoF 65 U0 R A L A8 ) A M R 2 4
PR, IZWH ik 74015 G A A PR ERY B, 28 d
R UARYT R, DL I R ol R AT 32 )
R S NAE ARG i, o TE5 1. 8RN 15 KFRIkiT:
%F nab-PTX (125 mg/m*) FIE PEALEE (1 000 mg/m?®) ;
K F B # 6 A J1BF 9 PFS. 0S. % %% iE R i )
(time to progress, TTP) . R 2l K (desease
contral rate, DCR) %5 #1548 bn PEN 11697 I7 % 10
R RARE; SR ER, PAPFS N 7T,
A0S 1244 A, 5118 ABC-02 i 56 (o7
PFS 80 H, A0S K 1174 H) K. 1EIA
RS SIS S 28 A RV A N 1| A Y R AN 3
95 BT MAT 2 B WA AN BB o B AR R IR
A ER BRI LS, MAIR G S, H
SRR AT B, % B ONRIE G IR
R, R B T RE S 4 0 B R TR Y
o — TG RIS O HE — 25 #E R nab-PTX . 3%
VY Al 75 R 4 = 156 77 1k % R 2896 7 e 40 E 4 o R
FPES WS, %A 5 0 8 10 AT 5 AR E Y 62 i) 8
F AERL 21 A L AT R R A 1 R A 8 K
Wk 425, HopwHEd (a=32): ¥ 96 i
(1 000 mg/m*) . 41 (25 mg/m’) AH nab-PTX
(125 mg/m?), fEFIELL (n=28): FHPEALEE (800 mg/m?) .
Ji4A (25 mg/m?) Al nab-PTX (100 mg/m?) ; %55 8
7R, nab-PTX ., 7 P8 fth V5 FULET = 1007 V5 ARG T 745 7
MR A A AN R R AR w, (FERREN
HALPFS (11.84H) . #6208 (19249H) ¥4 fr
P o T HEZ R IRYT R RS, R i —
Al R A 1 B SCRE . BRAh, A —S/NRER
I PRAFFFE IS 4 A5 O UESE T nab-PTX B4 L7
IR G RY ERTE PR ey Bl il 417 N7 R |1 04 I
AN S B8 GemCis 77 R 15 4 nab-PTX 1
B B IR T R T B A R AT N IR A e AR Ok G
AT B2 4, JIF B B F R 1 85 10K F

=
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i [ — I Genexol-PM@BE & 7 74 th 1 14 J7 6 19
FETE 98 0 22 o TG ARG, #2221 d R 1A
J7 R ER 1 R FER 8 KR K i ik i 4 7 VY At i
(1 000 mg/m?) F1 Genexol-PM (100 mg/m?) , 45 5% i
N, BEMPFSALHSOANHA, 208K (95+
13) ™~ H, KT GemCis % (PFS 84 H, 1
0S 1174 A ), A2 3 90k 4 9 b Mk 20 Mg s /> i
() & A2 AR T GemCis T £ 19 & 4= F W g F &
(26.7% wvs. 553%) , 3 9 B % Kk £ F I K
(6.7%) o X HLBIF 58 37 Uk B PTX 44 K il 551 76 i1 3 5
YRR R I B R AWE T, AME A IESE S HIE
BT 40 B M AT 25 A 458 U0 Jin =5 74 Al 75 B¢
R BAERW R mERMRES, i
NATT 5 R EIR ST BB IR IT B AR A A R AR L T
SR T B

ULAEK, A S P MWT (immune checkpoint
blockade , ICB) 7 v 75 M 101 JIE 38 9 L i &%t ORI
S0 R BT F e 301 IR R 19 TOPAZ-1 T Ifs IR
S PIESE . PD-L1 #0 il 5) BEARR G BB B A 7
b V5 + T T L ¢ 4 ek TRV B A 7 P A U 4+ A 4
MER T BH O0S, FHRFE T XS FEAL T 20%, Bk
— IS I PR B i A b B UE T ICB e M TR
TR IR T TR R TS . PR, 3k ICB AR S i 5
JIFAE 98 1 — 2R 3R 07 H I I R N 4R A TR L
F b, A 22 nab-PTX BE A ICB AT THI AR .
A6 VG [ [5¢ Tan A BAP2HE T 1 61 235 VG b i 6 & K
BV 7 SR ALY I SR L RS M I A IR g R
PRZ M0 e 1) 2R BB HR  nab-PTX AR 263
IT %R IR bR AR B R Ry AR R 28 AR B L T
TEFER, PD-L1HCD 8" i 152 id M ik U 21 ify
BIPE Gk, 5 £ )5 B A7 27 4 A B i 15 2
P, IR ICB BE 4 nab-PTX ] A V& 75 V4 J7 e 191
JRAE R HE £ . AN, % A1 BA IE 78 TF R — TR A
PELOBRF L G RIS, AT 63 B4V
b V5 I SRR e E 2 245 ) Ak T AR fiE FH PTX B o i
R A o7 00 ] 00 0 2 e R g R, R FE R B
PLIE A nab-PTX AE R 23R 97 I 2 o %X 5697 25 i
FKUC AL 22 BB, FWE RN 273%,
L PFS 2 5.63 0 H, Wi 0SSk 12.6 1~ H, o
N5 maEely, A6 HTI
ROPPAL 9020 45 SR A5 3l R B4 A nab-PTX H]
DAAE Ay i 309 R 98 1 — b 487 LA SR T & .
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R, nab-PTX B¢ 4 ICB L J2 0 4] BH 38 98 1) v 42 1R
ST, HEREGHAKKEZE FRFHFELIE
PRAF 58 B0 2+ o

4 B =

£ B RTIR, PTXAE A AT UJ B H 38 % b R 7Y
W BRI T A0S B Ny, B
PR BR 1 1 i RN T . B H A2 2T K/ ]
A= Wy I i R I BE R A SR AR R T A B
O fifk PRl R ST B BE 43 1) TR AR SR, L B I R
WA, HEAEZ AL FEREF S 2
BUA N, HE— 2P Bk PTX Gy K i 50 (4 3 1 A
il T2 EF WA LT ILA T R AR R
(1) #7025 W Bdhk B — A0 42 PTX Y B 2 A
R E L 0K 50 RS E R A, AR i R
Ao B 1) A, O T R o e e R A P R A 2 A
o (2) FRG I PR 52 B UE S8 PTX 75 5 HAb /b )7 259
K & 0 A RE 2k 2 5 4F 0O TR T M, N IERE R
i I 2K i R I SO A AT 25 L o TR A 25 )
il 25 52 45 50 AR 2 P R 2 By, a0 i
o 2 B 3 2 G A 25 W 23 100 BIG I E RT 2 T
20 K 1 5 328 A8 R A i 95 A0 I i o i 1R R 1
T, DTS AR GURR AR . (3) PTXC I A LAl R %
PORR B, BEAEsh Ja)T L LHGRIT . R
PR IR YT M ICB 25 o 38 2o 28 290 oK i 5517 ik 283
J7or IR, LB ZRIRT T RmMAiE . IHiE
P iR AR T A T A TE R UG 25, T RO
o 3 MO BT B 25 5 6 T SRS, T PTX 4 K il 5
B B RN A 5 e, #E— 2B T
MM S M e R oy 1 BILA R TR B 3k T A R
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