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[ Abstract | Peritoneal metastatic carcinoma refers to the spread of malignant tumors from the primary site to the peritoneum. It
is commonly observed in the advanced stages of various cancer types, including gastric cancer, colorectal cancer, ovarian cancer
and pseudomyxoma peritonei (PMP). Peritoneal metastatic carcinoma seriously impair human health due to their high recurrence
and mortality rates, and palliative treatment based on chemotherapy is usually provided after radical surgery or in the advanced
stage of peritoneal metastases. The difficulties in the treatment of peritoneal metastatic carcinoma are the lack of targeted drugs and
the difficulty of drugs to cross the blood-peritoneal barrier, resulting in poor systemic effects. Intraperitoneal chemotherapy, as an
important therapeutic means, has a broad application prospect in the treatment of peritoneal metastatic carcinoma. In recent years,
innovations in intraperitoneal chemotherapy techniques such as hyperthermic intraperitoneal chemotherapy (HIPEC), pressurized
intraperitoneal aerosol chemotherapy (PIPAC) and the development of novel drugs have significantly improved patients' quality of
life. The development of novel drugs has significantly improved patient survival. However, the diversity and complexity of these
diseases have led to clinical variability and uncertainty in the efficacy of intraperitoneal chemotherapy in terms of treatment strategies
such as mode of administration, drug type and dose. Although evidence-based guidelines and recommended treatment strategies have
been developed, there is a need to further support these regimens through additional clinical trials and higher levels of evidence-based
medicine. This review summarized the development history and recent advances in intraperitoneal chemotherapy, compared and
analyzed the treatments such as surgery combined with traditional IPC, HIPEC and PIPAC, and summarized the research progress
of recently conducted intraperitoneal chemotherapy techniques; moreover, in terms of the clinical application of intraperitoneal
chemotherapy techniques, this paper elaborated on its use in diseases such as gastric cancer, colorectal cancer, gynecological
oncology, PMP, cholangiocarcinoma and pancreatic cancer. For the limitations of intraperitoneal chemotherapy technology, it is
proposed that the innovative development of nanomedicine is expected to provide a safer and more effective option for the treatment
of peritoneal metastatic carcinoma. In conclusion, this review summarized the latest progress, shortcomings and future development
of intraperitoneal chemotherapy, with the aim of providing a feasible direction for more effective clinical treatment of peritoneal
metastatic carcinoma.

[ Key words ] Peritoneal metastatic carcinoma; Intraperitoneal chemotherapy; Hyperthermic intraperitoneal chemotherapy;

Pressurized intraperitoneal aerosol chemotherapy; Nano-drug; Targeted therapy
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Fig.2 The warm effect of HIPEC

a: TNF selectively disrupts blood vessels within tumor tissue, leading to thrombosis and ischemic necrosis. b: Tumor tissue, when exposed to heat
stimuli, cannot regulate vasodilation via Adr, resulting in increased blood flow that fails to achieve thermoregulation. c: Cancer cells in the S/M
phase are sensitive to hyperthermia, which induces cell death. d: Hyperthermia causes denaturation of membrane proteins, disrupting the synthesis
of DNA, RNA and proteins. e: Heat stress activates lysosomes, causing cytoplasmic and nuclear damage, ultimately leading to cell apoptosis. f:
Hyperthermia can trigger the immune system by activating heat shock proteins, stimulating various immune cells, including natural killer cells,
macrophages, dendritic cells and T lymphocytes. This process inhibits angiogenesis, causing hypoxia, acidosis or nutrient deprivation, leading to

cellular degeneration and necrosis. TNF: Tumor necrosis factor; Adr: Adrenaline. Created with BioRender.com.
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Tab.1 Commonly used IPC protocols in clinical practice

) ) ) Surgical Number of sample Chemotherapy protocol
Preoperative diagnosis Research type Result Reference
program Trial Control Trial Control
Gastric cancer CRS Gastripec- | 52 53 CRS+HIPEC (mitomycin Simple CRS; Better [27]
+Peritoneal cancer 15 mg/m’+cisplatin 11 cases of PFS and MFS
75 mg/m’, 42 °C, 60 min) postoperative
chemotherapy
(such as
fluorouracil)
Gastric cancer (¢c>T3) Radical Phase 1Il 40 40 CRS+HIPEC [ cisplatin XELOX regimen Low DFS and [42]
gastrectomy clinical trial 50 mg/m’, 60 min, with 6 standard peritoneal
for gastric (42.0£1.0) °C ] ; 22 cases doses within recurrence
cancer+D2 within 1 month after surgery 1 month after
lymphnode XELOX regimen with 6 surgery
dissection standard doses
Colon cancer (T4NO- CRS Phase Il 89 95 CRS+HIPEC (mitomycin CRS+systemic Improve 3 years [43]
2MO0) clinical trial 30 mg/m’ ); Receive chemotherapy LC rate
routine adjuvant systemic combined with
chemotherapy combined oxaliplatin and
with oxaliplatin and capecitabine
capecitabine within 12 within 12 weeks
weeks after surgery
Colon cancer (T4NO- CRS Phase 1l 100 102 HIPEC after surgery 5-8 Hydrostatic injection No significant [44]
2MO0) clinical trial weeks (oxaliplatin of fluorouracil/ difference
460 mg/m’, 30 min)+ calcium folinate
chemotherapy with adjuvant
intravenous fluorouracil/ chemotherapy
calcium folinate
Appendix/colorectal Phase | 12 PIPAC (oxaliplatin Safe and [36]
cancer-+peritoneal clinical trial 90 mg/m’ )+whole feasible
cancer body chemotherapy
(fluorouracil+calcium
folinate)
Phase lll/IV ovarian CRS Phase Il 92 92 CRS+HIPEC (cisplatin 6 cycles of adjuvant ~ Cannot improve [45]
cancer clinical trial 75 mg/m’, 90 min, 41.5 °C);  chemotherapy PFS and OS
6 cycles of adjuvant (paclitaxel
chemotherapy (paclitaxel 175 mg/m’
175 mg/m’ + carboplatin +carboplatin
5 mg/mL) 5 mg/mL)
Ovarian cancer CRS Clinical 100 PIPAC (cisplatin 7.5 mg/m’+ The result is [46]
research doxorubicin 1.5 mg/m”) meaningless
Breast cancer/ Hysterectom/ Cohort study 44 PIPAC (cisplatin 7.5 mg/m’ Improve [47]
endometrial mastectomy +doxorubicin 1.5 mg/m’); survival
cancer-peritoneal Later changed to PIPAC rate and
cancer (cisplatin 10.5 mg/m’ histological
+doxorubicin 2.1 mg/m®) regression
Mucinous carcinoma of ~ CRS+Peritoneal Case report 1 CRS+HIPEC (mitomycin Improve [48]
the appendix +PMP resection 35 mg/m’, 42 °C, 90 min) survival rate
surgery
Appendiceal tumor CRS+Peritoneal Case report 1 CRS+IPC (cisplatin 30 mg/m™+ Good [49]
+PMP resection docetaxel 30 mg/m’)+ postoperative
surgery HIPEC (oxaliplatin recovery
4 300 mg+fluorouracil
500 mg, 42.5-43.5 C,
40 min)
Intrahepatic CRS Cobhort study 51 61 CRS+HIPEC (fluorouracil Simple CRS +IPC Improve OS [50]
cholangiocarcinoma + 1 000 mg/BSA+cisplatin (fluorouracil or and survival
peritoneal cancer 40 mg/m’, 400-600 mL/min)+  oxaliplatin) rate
IPC (fluorouracil or
oxaliplatin)
Pancreatic cancer Pancreatic Prospective 35 PIPAC (30 mL/min, cisplatin Improve [51]
+peritoneal cancer surgery or study 7.5 mg/m*+ doxorubicin survival
systemic 1.5 mg/mz, 92 min) rate and
chemotherapy histological

regression

PFS: Progression-free survival; MFS: Non-metastatic survival period; DFS: Disease-free survival; LC: Local control; OS: Overall survival; BSA:
Bovine serum albumin.



832

BiRE, & BREREBERNSEIF SR

A U705 ot e 245 0] T390 59 S§E988 A8 1R T B
CRSEXAHIPEC, ESE T HIPECTE B HLI8IH Y7 b
AR, Sl 105bET, Ao iras RS Z i
FEAAR 3, WESHIPECHENS 35 003t b S
YA BEWTUE N, R, BEERRTIE A
RAEEIX —ZHR . CAAME Y SR ER,
PIPACTEAN IR VR A —34
2.3.4 IPC5PMP

CRSIEAHIPECE # % 57. W PMP I bR i 1A
S5 % . Chua 7 FEAT Y — 30 ol o5 A
58, A2 298H A I FERIPMP R, 45 R T
N, TEIEZCRSEEGHIPEC)S, 63%ME#E
FERF AR 1047, BRI LAEEPMPIY 104 A 47 5%
0 H32%, BE—EE5E VT R, IR SR
CRSHKA HIPECIRYT M I EPMPA i 3 1 1
WAEH .
2.3.5  IPCH IR K AR

AT R, RJHCRSHIE T 5- R 15
WE A HIPECHA S5 L 5- 980 bR 18 B 8 38 70 |
Bk T 00 4 B AT B S V9 P RS g B S 2 25 1
B I0SH25.53 1, (AR R A HACRSHAR
Ji 4= B AT 1 6 LG JH P IR AS? s I R 2 o 3 g v
MOSIU K117 A, IWEBIHIPECK LK B E A
o AT AN S R I R B
R ACRIS R 2 22 tL A A IR, [l
T VR I AT 0 AR A I A TR T o
2.4 IPCH AR Ey IRk

S HIPEC HIPIPA CEEIPCH; AR T EL 40 A i i
RGBT G IR SE D, (AR 45 R 2B
— b, XRP2E T REVR A B ST B A TR
il AFEREA /N SRR 4 T SR /]
HPECRSSEHEA T/ 4% 402 . AT 25450 A J2 LA
FORIT RIS RIS A5 . AR 2 R R
JIT A AR I FEATS TP C A I PR g FHAR AL T 4 45 52
Begh I . ARRAIWIR N AE T AT R SERE L, 25
B M HT Y RTE i AHESE IR T SRS, X2
FHJ7 R RR et R S A TR IR 3, Ui
—EHRTHIPCHYIE PRI 72K

AN, TPCHEARAR Bt ArfE— & Ja fRYE, i
. @ PARMEREA 2505, IR 257 3212 Ay
TRIEAT R, AR T HE 1 2 R A S 1
@ IPCELR Y TE M I NI T AR R 1, 8K
MY 25488 12 AR @ RAETIPC—E
R LA T Rk i, (A T2 2125957
AR ERRE . MR EBR SN BEIR . 25
PP AR . 2R AN R B 2 R
MBI 2 R KRR T 25 45 2 Fh R R S
2R LAk B 08 1 v JEE R R AT s 4
AN P T e o 52 O - B E5E 7/ O e S B2 E
HATHRT, DA REIPCIIRITRCR o
3 WK ZAYEIPCHEN SN A

YR 25 AETIPC i 0L FH E U I 2
A I B i 2 WA R P R e L E K 25 R
N 1B B A5 T 2 MR TS5, X SR 2] LU AL
HBHEBRIPCHIBCR -
3.1 Ry KRB AR

B, RGP RSTEEAEL~100 nmZ
(], 3 N RS B AT RE 8 T 25 ) 1 25t 37
AALZY, I FH Iofag A A 3 3 T 1 e AR P K
57 B AT SRR R AR R O HaR, gk
i A] LGE A Yy B A e a5 582, e
I FE A S G P R M AR S R, AR AR
9P AR I R, B AR IE S Y
2R BRI A AS RN . BEAh, iR m]
DA 3 2 G ke S BOOR B iAR,  R e ) g
S R ) IR IO, DI VT A )
PE, WUDXHERAL M E . FEIPCH, 4K
Yyid o Hh R A A A e e, BRAE T —
SEALITRCR . MR SRR T
3.2 R eg Rl H IR B

Z PPN 25 ) AR R G AE TP CHAF 5 b g
TE2MIE LR, FEAHEREYR
LT ROk Y L gAY Fngy ok
BT T A () L XSGR AR IR B R
S s ALY 254 . mRNAS B, T
WRITSE B . IRSE . TR . TR S ]



(e @EER L) 2024455534555 91

833

BT . AR BAT B, aimlE
RARGEHE PR 2GR I . SR IR ROR |
JE 245 e B 1) B v Hi e R i 24 P55 X SE
FERE— I R AR Y FIPCIR AL T 2y

SLRARIE . AN, XLERIHT AR B AT L
BER LY ENE, IR 2t
BEPE, O MR RS G R i R T R AL B 4 e
7,2 A

R2 MARGYEIPCHIFHR

Tab.2 Research on nanodrugs in IPC

Carrier Material Load Cell/animal Administration Indication Advantage/result Reference
model method
Polymeric micelles Polyethylene Oxaliplatin Tumor bearing 1P, IV Colorectal cancer P reduces the systemic [67]
glycol, lactic acid mouse model with peritoneal distribution of drugs and
hydroxy acetic acid metastasis the toxicity to major organs,
copolymer improves the precision of
treatment
Nano hydrogel Carboxymethyl Paclitaxel, anti-  CS7BL/6 P Ovarian cancer (D Low system toxicity and [68]
chitosan, polylactic PD-1 antibody ~ mouse model with peritoneal good therapeutic effect;
acid hyperbranched metastasis 2 Good biocompatibility
polyglycerol
HC_eNP eNPs, "“C Paclitaxel Mesothelioma of 1P, IV Mesothelioma of TP efficiency is higher [34]
peritoneum peritoneum
tumor bearing
mouse model
Liposomes Liposomes encoding mRNA C57BL/6 mouse P, IV Pancreatic related TP enhances the ability of [69]
firefly luciferase model cancer mRNA delivery to the
mRNA pancreas
Liposomes Cationic assisted mRNA C57BL/6 mouse 1P, IV Pancreatic related TP reduces off target delivery [69]
lipids, liposomes model cancer to the liver and spleen
encoding firefly
luciferase mRNA
Liposomes Phosphatidylserine, ~ mRNA CT26-luc mouse P High transfection efficiency [70]
B-sitosterol model and selectivity
CAR-Ms PD-1 antibody ~ CT26 mouse P Late stage diffuse  Activate adaptive immune [70]
model peritoneal tumor  response provide new
strategies for solid tumor
treatment
Liposomes C12-200 cation, siRNA Mouse model P Enhancing the potential of [71]
Cy5.5 dye using LPM to transport
oligonucleotides
encapsulated in nanoparticles
for cancer treatment
Liposomes 4A3-SCC-10/PH mRNA tdTomato mouse P Liver cancer Improving mRNA delivery [71]
model efficiency in vivo has the
potential to treat liver cancer
Nanoparticles Silicon dioxide, Mouse model P, 1V Ovarian cancer (D IP has high targeting [72]
polystyrene with abdominal efficiency;
nanoparticles, metastasis @ Lay the foundation for
polylactic acid the treatment of metastatic
hydroxyacetic acid ovarian cancer
copolymer
Nanoparticles PEG’*-BA4, PEG™-  Paclitaxel, A2780/Adr cells, 1P Ovarian cancer (D Achieve precise drug [73]
Cys4-L8-CA8 Betulinic acid ovarian cancer release;

mouse model

(2) Overcome multidrug
resistance in ovarian cancer

IP: Intraperitoneal injection; IV: Intravenous injection; eNPs: Expandable nanoparticles; CAR-Ms: Chimeric antigen receptor macrophages;
Cy5.5 dye: Anthocyanin 5.5 dye; LPMs: Large peritoneal macrophages; 4A3-SCC-10/PH: A linker consisting of a 4A3 amino head group,
four disulfide bridged ester groups and four hydrophobic tail chains containing 10 carbon atoms; PEG5k-BA4, PEG5k-Cys4-L8-CAS8: Specific

polyethylene glycol (PEG) derivatives.
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