H47HE ES WPl KRR (2R 2 ) Vol.47  No.5
20264F 9 H JOURNAL OF SUN YAT-SEN UNIVERSITY (MEDICAL SCIENCES) September 2026

O 589 AT A A8 e e SR LR 5 e i S

T HZ& BRI TE, XNEF
(P A B 28— B BB, )4 ) 510080)

OE: LEMEINEIE(EOC) , JUH i UM S W S5 (HGSOC) , 5 LI IR 0 I b AR A PE IR K R R
ko SER A S AN I (1CTs) B 253597 EOC B & M G2 #2629 0 8% ~ 15%  FHARAS i [K 22 — 7% T EOC SR ) i Ji
10T X8 e [T e Ak~ pl S AR A/ S e 1 1 285 SR 58 15 B PR AR B ) “ VRS " IR B 2, 3%
T A AEEAS S 3 AR PR ORI A A B A B T [R] R R (0 < v e " R AR S L -
WU f AR S A2 4R, 7 200 B2 T ) AT P R G W A0 L M2 FRUAR b 91 1 T 0 B AR RS R A 7 20 B A
KA G IR0 B/ B SR 2545 20 L RN CD8+T 4H i Ty i F 7k JUr 44 570 1) £ 928 400 1] D9 46 5 7 43 )22 1 i BH 1L-4/1L—-6/TGF—B/
VEGF 4 i K7l J i g o A0 2 o A2 L 2L M PR 55 Do 22 328 S50 o 7 30X 313 T 48 L 96 0 B S it 24 v P A A2 A
TEVRIT )2 , AR 0454 KEYNOTE-B96 . DUO-O , FIRST/ENGOT-0V44 , ATHENA-COMBO . MIRASOL , OVHIPEC-1
Je PIPAC S5 S BRI | I\ 58 G0 14 S 2 45 5 Ja B A PR 58— T A 4 3 VA 0 S e B Sl A8 2 B IR A2 4 o
BRI 2y | i s AT v A AR R s Jm 3 ik 126 S s (SR A1 . XU B8 1] W B EOC A is 187 AR 24 &
FHIBC & 7 S PR S HELR B REE A AT 75 2 T2 212  BRCA/[] Y5 F 4 BB IR S \PD-L1 MR 32 AR o Kk Al as
[E] S e R HATAE W2

SRERR) - BN SR SR 5 Ji e PR 5 5 K 5 SR ie 1B IR Sy A 4T o 5

hE 4SS R737.31 ERFRETE: A X EHS:1672-3554(2026)05-0767-13

DOI: 10.11714/jsysu.med.YX20260120

Mechanisms of Immune Evasion in the Dual Tumor Microenvironment of
Ovarian Cancer and Targeted Therapeutic Strategies

ABDUGHENI:Karima , LIU Junxiu
(Department of Obstetrics and Gynecology, The First Affiliated Hospital, Sun Yat-sen University, Guangzhou 510080, China)

Correspondence to: LIU Junxiu; E-mail: liujxiu@mail.sysu.edu.cn

Abstract: Epithelial ovarian cancer (EOC) , particularly high—grade serous ovarian cancer (HGSOC) , commonly
presents with intraperitoneal dissemination, peritoneal implants, and malignant ascites. The objective response rate to
immune checkpoint inhibitor (ICI) monotherapy is approximately 8%—15%. A key underlying reason is that the distinctive
intraperitoneal spread of EOC places tumor cells simultaneously within both a “solid” microenvironment (formed by solid
lesions/peritoneal implants) and a “liquid” microenvironment (represented by malignant ascites) ; these two compartments
continuously interact through cellular trafficking, exosome-mediated transfer, cytokine diffusion, and lipid metabolic
exchange, collectively shaping the typical “cold tumor” phenotype. Centered on this solid=liquid dual microenvironment,
this review dissects, at the cellular level, the immunosuppressive network established by M2—polarized tumor—associated

macrophages, enriched regulatory T cells, expanded myeloid—derived suppressor cells, and dysfunctional dendritic/NK
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and CD8+ T cells; and elucidates, at the molecular level, the central roles of 1L-4/IL-6/TGF-B/VEGF cytokine axis

imbalance, lipid metabolic reprogramming, lactate accumulation, and impaired antigen presentation in driving T—cell

exhaustion and platinum resistance. On the therapeutic front, integrating the latest evidence from KEYNOTE-B96, DUO-
0, FIRST/ENGOT-0V44, ATHENA-COMBO, MIRASOL, OVHIPEC-1 and PIPAC studies, this review summarizes

the evidence supporting immune—combination regimens, anti—angiogenic agents, folate receptor alpha antibody—drug

conjugates, hyperthermic intraperitoneal chemotherapy, and local intraperitoneal delivery from the dual perspectives of

systemic immune modulation and local microenvironment intervention. The dual-microenvironment framework may help

explain the poor response to immunotherapy and inform rational combination strategies in EOC; however, clinical

translation should be based on precise stratification according to histology, BRCA/homologous recombination deficiency

status, PD-LI and folate receptor alpha expression, and spatial immune phenotypes.
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CONTINUOUS SOLID-LIQUID PERITONEAL TUMOR ECOSYSTEM

The solid—lesion tumor microenvironment comprises tumor cells, remodeled stroma containing extracellular matrix and cancer—associated
fibroblasts, abnormal vessels, and hypoxic regions. VEGF-associated vascular hyperpermeability contributes to malignant ascites formation. Tumor cells
shed from solid lesions, whereas VEGF and extracellular vesicles are released into malignant ascites. In ascitic fluid, detached tumor cells survive in
suspension and form multicellular spheroids; spheroid formation supports anoikis resistance. Spheroids adhere to the mesothelial surface, promote
mesothelial clearance, and implant in the submesothelial matrix, leading to omental metastasis. Adipocyte—derived fatty acids and FABP4-associated
lipid uptake provide metabolic support for metastatic growth. Arrows indicate the direction of the depicted biological processes. This schematic
summarizes representative mechanisms and does not indicate quantitative relationships. TME: tumor microenvironment; CAFs: cancer—associated
fibroblasts; ECM: extracellular matrix; EVs: extracellular vesicles; FABP4: fatty acid=binding protein 4; VEGF': vascular endothelial growth factor.
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Fig.1 Composition and dynamic interplay of the solid and liquid tumor microenvironments in ovarian cancer
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HRD FHPE B R R 25 oM B B BR AL
FHALHN , DNA 55 F1 cGAS-STING/ I B F L £ {55
S PARPi BX & ICHAR 43t T AL AR 45 o SR,
DNA $5 £t 7] BE A il G2 il 2 1%, ELIEFE PARPi
TRV R SR URYE . BEAIRIT I AR AR
A8 F I R A PN R B HEWT i85 75 1 HRD RS (BE
AIRYT A BEEEME AR RRIR YT I

FRo #8 1] T 4K % B¢ 25 %) (antibody—drug
conjugate, ADC) K28 HLET R i R H S R4t 25
EOC () B B JE & . MIRASOL #F 58 44 A FRa =
ROBEAEREZ L3RRI R R ZE IR
$7 R I S BB 9% K 0k R 19 AL 7 203E ORR L PFS I
S Az 7E B (overall survival, 0S)™, 142 3k 15 55
B 5 240 o WO A L) o8 At HL AR
25 00 UIE (1) FR o ARG I 0 AF 1 238 B, 18 75 5 PEL A
JEEH A8 SRR SR RN o % 245 BB E 1)
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RSV A ETT SR AZIE , 24 3/4 135 [R) At foff FH DL A Bk
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H (HR=0.72, P=0.001 4) , 1 {1 0S 4 18.2 4~ H F0l
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] R L R A8 B AR VR YT 1Y 3R 2 45 o JRT 2542
PRt 1] 75 3 B0 328 I A0 L BB T 5 AR ARG o B 8 10 )
YA, DU AR SR BT AT G 14 SR 5 IR KA DG E
AR, PD-L1 CPS=1 0] Ay A HE 07 2 48 43 1 Ltk o
I I PR ST DA B9 S92 75 18 5 e 2R T e 1)
“WRE R ARG AEATIRYT BT BT e 5
43 —KBEEARIT

— LR PR AR YT UE TR T AR PG T, (H 4
JEA—F, DUO-O 5% 768112 Wi . AE I8 BRCA
S 7R 1 e EOC rh dF Al B2 (A G S bk & 17
DUAR B 4T K Jm 25 B AR R T Rt/ D AR PR i+ B8
PIMARIAERF . 2 PRS0 AT R , & SRR )
Z7E HRD PV AR R 67 PES By 23.3 P H SEK
%45.1 1 H (HR=0.46) , 7E ITT A#E 1934 H
FER Z 2514 H (HR=0.61) ; B4l A &A1) 5 24
PO A & BB AR AR R B35 PFS 4R 25, &
OS 73, & BRI R 77 58 5 0 BRALAE ITT AR/
W7 0S Sk 50.5 4~ H Al 49.6 4~ H (HR=0.92, P=
0.378) , HRD FH 4 W 20 75 X 5 %5 i #4 % (HR=
0.80) , YRR BN Goit4 WY . XK ICL T
VEGF 5 PARPi = I3 % nJ ZE K PFS, {H ¥ A B
B E B 0S 3K 35 , R 5 187 B4 M R [T 4G 1 34
EOC [)—Zbrifi

FIRST/ENGOT-0V44 fff 53 1Ak 78 — £k #1124k
7 5 R A AERE LAl i A Z 8 R, 25 R
/N PSR B G it27 W 2 (E R A PR (20.6 1~ T os.
1924~ H ; HR=0.85) , H. OS Jc 22 5% (44.4 > A vs.
4544 H ;HR=1.01)"*', ATHENA-COMBO #}f 5% |
PO T H B IS I OZ ST LS R IR A
R AIC BTSRRI 25— LR RHRYT
S5 R R R I A g iR BT AT 0 PRS'Y f
DUO-0,FIRST 5 ATHENA-COMBO Jf- & A] I, , —
LATER A WG Y O IFAR “ 25 e 22 AT T HR
T HBE iy 5t (HRD/BRCACIRAS 2 40 AL 4
A= 8 PARP SR LR A 5 B B 0 g S o o
R FE 0 LA AT 5 E 4 A b 2 0 R 2 (] 4 28 3R 8
S FER AR A RS IIEYT
4.4 BREIRITHREE

11 IR R S T I iRV T4k % . MEDIOLA Jf:
I B — L R BRCA 242 S, 117 & A0 4% gBRCAm XL



774 HlR AR 2 (R A2 )

547 %
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Table 1 Selected key clinical trials of therapeutic strategies in ovarian cancer

Trial
Population Regimen Main efficacy outcome Ref.
(phase)
R Newly diagnosed stage Il dis- Carboplatin/paclitaxel with or with- Bevacizumab throughout improved
() ease with macroscopic residual out bevacizumab during chemother- median PFS (14.1 vs. 10.3 months) ;
tumor or stage IV disease apy and maintenance no significant OS benefit overall
Median PFS, 6.7 wvs. 3.4 months;
AURELIA Platinum-resistant recurrent Bevacizumab plus chemotherapy vs. greater symptom improvement among .
(1m) disease chemotherapy patients with baseline abdominal/GI
symptoms
Newly  diagnosed  advanced ) )
SOLO-1 . . . . Five-year follow—up: median PFS, -
BRCAm disease in CR/PR after Olaparib maintenance vs. placebo 10
(1) 56.0 vs. 13.8 months (HR 0.33)

platinum chemotherapy
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Trial
Population Regimen Main efficacy outcome Ref.
(phase)
Newly diagnosed advanced dis- )
. . Five—year PFS, 22% vs. 12% overall
PRIMA ease at high risk of recurrence -—
) ) Niraparib maintenance vs. placebo  and 35% wvs. 16% in HRD-positive
(1) in CR/PR after platinum chemo- ) )
disease ; no OS benefit
therapy
Newly diagnosed advanced dis- ) ) HRD-positive  subgroup: median
i i Olaparib plus bevacizumab vs. pla-
PAOLA-1 ease responding after platinum— . . PFS, 37.2 ws. 17.7 months (HR -
cebo plus bevacizumab mainte-
(1) taxane chemotherapy plus beva- 0.33) ; 5—year 0S, 65.5% vs. 48.4%
nance
cizumab; biomarker—unselected (exploratory)

MIRASOL FRa —high platinum-resistant Mirvetuximab soravtansine vs. che-

] Improved ORR, PFS, and OS =)

(1m) disease motherapy
KEYNOTE-
100 (1) Advanced recurrent EOC Pembrolizumab monotherapy ORR approximately 8%—10% =
JAVELIN

Platinum-resistant or refractory Avelumab with or without chemo- Primary PFS and OS endpoints were
Ovarian 200 6
() disease therapy vs. chemotherapy not met

) i No significant PFS improvement in
IMagyn050  Newly diagnosed stage Il = IV Atezolizumab or placebo plus beva- o )
) ) the ITT or PD-L1~-positive co—prima-
(1) disease cizumab and chemotherapy )
ry populations

. i Pembrolizumab or placebo plus CPS >1: median PFS, 8.3 ws. 7.2
KEYNOTE- Platinum—resistant recurrent
) i ) weekly paclitaxel, with or without months; median OS, 18.2 wvs. 14.0 1
B96 (1) disease after 1-2 prior regimens )
bevacizumab months

Chemotherapy plus bevacizumab Olaparib—containing regimen im-

DUO-0O Newly diagnosed advanced non—with or without durvalumab; main- proved PFS in HRD-positive and ITT
(1) tBRCAm disease tenance with bevacizumab, dur- populations; final OS was not signifi-
valumab, and/or olaparib cantly improved

Dostarlimab plus chemotherapy fol-

FIRST/EN - lowed by  dostarlimab/niraparib Median PFS, 20.6 vs. 19.2 months
Newly diagnosed stage Il - IV i i o
GOT-0V44 e maintenance vs. chemotherapy fol- (HR 0.85) ; no OS difference (HR
isease
(1) lowed by niraparib; bevacizumab 1.01)
permitted
ATHENA-
Rucaparib plus nivolumab vs. ruca- Adding nivolumab did not improve
COMBO First-line maintenance “
parib PFS
(I
IO PARPi-naive platinum—sensi- Olaparib plus durvalumab, with be- ORR: 92.2% (gBRCAm doublet) ,
() tive relapse: gBRCAm and non— vacizumab in the non-gBRCAm 34.4% (non-gBRCAm doublet), and ™
gBRCAm cohorts triplet cohort 87.1% (non—-gBRCAm triplet)
TOPACIO/
Platinum—resistant recurrent ORR, 18% (90% CI 119%-29%) ; -
KEYNOTE- Niraparib plus pembrolizumab 7
disease disease control rate, 65%

162 (1/11)
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Trial
Population Regimen Main efficacy outcome Ref.
(phase)
NRG- . . Nivolumab vs. nivolumab plus ipili- -
Recurrent or persistent disease ORR, 12.2% vs. 31.4% .
GY003 (1) mumab

Stage Il disease without pro-

OVHIPEC-  gression after neoadjuvant che- Cytoreductive surgery with or with- Final analysis: median OS, 44.9 vs.
1 (1) motherapy, at interval cytore- out cisplatin HIPEC

duction

[52-53]

33.3 months (HR 0.70)

BRCAm: BRCA mutation; CI: confidence interval; CPS: combined positive score; CR: complete response; EOC: epithelial ovarian cancer;

FRa: folate receptor alpha; Gl: gastrointestinal; gBRCAm: germline BRCA mutation; HIPEC: hyperthermic intraperitoneal chemotherapy; HR: haz-

ard ratio; HRD: homologous recombination deficiency; ITT: intention—to—treat; non—tBRCAm: no tumor BRCA mutation detected; ORR: objective

response rate; OS: overall survival; PARPi: poly (ADP-ribose) polymerase inhibitor; PD-L1: programmed death-ligand 1; PFS: progression—free

survival; PR: partial response.

5 Ba5K%

1Y SR 98 20 A P U s R AR X, 9 3 Tl AR
SR 2 IO 5 R I K S SR B AL AR 1)
X MR O . ASCRGEMME T X —WEH AR
45 0 RE) JRRAE 5 A 92 2k 3 ML - E 4 2 T
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J DC/NK 5 CD8+T 4 Jfl Dy fiig i i, #4550 1 AH B3¢
FF A B [ B G 2 A D 2% 5 FE Ay 2 I, IL-4
1L-6 . TGF-B . VEGF &5 41 jifg X 7%t 2 £l , LA 2 JIg Joe
R A LR HE R S P B A AE R
“SETR 5 WA G AL T e LR I
V55 T 4 MOFEDR S5 EA28 M 25 . 56 T SR 4 i 5 % )
2= W ORI R 2 — 4R AR 5 WS A
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PD-L1 CPS=>1 1M 25 A ik 52 1CTs 75 58 ] B3t
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M$E /R — LA A 1 (H BT HRD/BRCA AR
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FEAR I R K L H 98 Ry SR I R 4R T A BN 5 ik

Fo I EHOMERER R B UATE T BRCA/
HRD .PD-L1 Mg 58 25 £ fif 5 Bi Ji 2 326 55 R A AL
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