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Abstract: Malignant pleural effusion (MPE) refers to the pleural effusion caused by primary tumors or
metastases tumor from other parts of the body to the pleura. The common clinical symptoms of MPE in-
clude progressive dyspnea, cough, atelectasis, chest pain, and fever. It can occur in almost all types of
malignant tumors ; however, lung cancer is the most common cause of MPE , accounting for about 1/3 of
the clinical cases. Although there are many therapeutic approaches currently available for MPE , they are
usually inefficient and many can only alleviate the symptoms of the patients.Vascular endothelial growth
factor (VEGF ) has now been recognized as one of the most important regulatory factors in tumor angio-
genesis , participating in the entire process of tumor growth through its function of stimulating tumor an-
giogenesis , it can activate host vascular endothelial cells , and promote malignant proliferation. The new
drugs targeting VEGF, such as Endostar and Bevacizumab , have been developed and applied for the
treatment of a variety of tumors. Data of recent clinical studies demonstrate that the medicines targeting

VEGF are effective and safe for the clinical treatment of MPE. Therefore , VEGF—targeting represents a
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promising strategy for the diagnosis and treatment of MPE. This review briefly summarized recent prog-
ress of VEGF on diagnosis , pathogenesis, clinical treatment and prognosis of MPE in patients with non—
small cell lung cancer (NSCLC).

Key Words: vascular endothelial growth factor (VEGF) ; malignant pleural effusion (MPE) ; non—

small cell lung cancer (NSCLC ) ; diagnosis; pathogeny; clinical treatment

ARk, B A AT G 0 R K ) AT IR A 2 A AR AR AE A K R Y U s, 7RI
] AR 22 0 1 b g v, I 8 © 28 1 44 I FL S ) RRE A — R T MR B S0 AE 0 A i 1Y Cancer
Statistics in China, 2015 g7 , 76 5 VEbJ&E b, Blidis &0 R 20 i U4 22— m e r o bR /N i Bt il gz
(non—small cell lung cancer , NSCLC ) 52 ili 4 f5z by &% UL i 2 AU, 249 5 Fir A5 il 93 1) 85% ) o %1 kg s LU
(malignant pleural effusion , MPE ) J& I 1] NSCLC /8 % 5 5 UL 096 T 22— , 3 0 1 7K 4 A 2 4R 3] 0%
PEAN L2 W . MPE B2 Wi A AR SR TS A 25, "™ S8 A 3 AR Vs it . A UESE o | o AH OGPk
MPE g3 A A7 W B, 0P B fe i, TRk 3B R & kb i MPE JBE A A 0 T R Wi Z |2 Bl
MPE & 97 J5 W5 A7 W Js 28 000 5 |t I s 487 5 10 M s PR R A7 46 L AR SR BV S in A IRk
XT T MPE 7 2 A W3R 97 1

VEGF J&—Ff N B i M A= K I+, 47 6 4 L, f14% VEGF-A . VEGF-B . VEGF-C . VEGF-D , VEGF-E
FBG B K T (PGF )™, £E 1939 4F | IDE 45 #4145 N & A2 K AL F (vascular endothelial growth fac-
tor, VEGF) t IR 4 A ™ A= o 1971 4, FOLKMAN " 5 S5 52 Mg A K %) ot 45 40K v 3L, BRIV Mg 1) &
A e REANAN S iy 440 i A B w3 o 44 B A M R B A DG, TR BN T I R 30 A8 ) S TR R BT
P 145 A= i AT AL BB IR VR T . 1983 4F, SENGER 287/ & BRIl 45 3 325 4 X 1 (VPF ) IE 52 0 145
W AE R . 1989 4F , FERRARA 45l 2 2l 4k 43 2§ VEGF , I8 3 & 76 4 AE b iy s 2R H .
1992 4%, FERRARA 55"/ SUR I T 55— VEGF 3244 . Bl 45 Mg i 4 A= WA 92 1 AN TR A, VEGF 8
AR IR ol 45 AR B P e AR I R S DR L @ A M R N R EEN T, 55
i A R RN e 0 R A ok A S e O i I P R AL, DT S SR g AR R, Sy e R
BT B AN 0 SR IR BT R e AL SR IR . VEGF ZKSF B A IE 52 5 NSCLC A#H & MPE
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5F A — TTF-1 mRNA £ B IR At th A 73.2% , e Boe ¥ A 0, fe4d Tob B A7 .
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Fig. 1 Pathogenesis of MPE
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BIT AT, AR VEGFR 28748 (i ARF B B A BRI, F 201547 A 1 H DURER R Hi g
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b A2 UK % 8 4 RTK . o, VEGFR2 76 VEGFA 45 PN Bz 40 I 388 58 . 10045 397 A R0 00049 3 338 1 o) 7
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T J DA T 7 il e P BRI A A

#®2 RBEIRSTNSCLC 18X MPE £ 3 89l K 7 21
Tab.2 Clinical efficacy of Endostar in treatment of MPE in NSCLC patients
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#%.,2010 “ 140 A AR 43.75%; AERERENE, A
1148 : IR 44 60 mg/m’+ & & 36 . L. . 61
1148 . A 3 % 77.8% JLBA R & R
45 mg
. - [ 48 : IR 44 40 mg/m’; 128 : A %E51.11%; AEFRITEAERR, K 63
A=, F 2014 90 . oy
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Tab.3 Clinical efficacy of Bevacizumab in treatment of MPE in NSCLC patients
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B 2016 S 46 o 72
BE WM E+F4+ N R ER 1128 : 86. 96% THEN R
. 128 M AR 3+ 44 5 11 20 120:85.7%;  He\ R &, £ER
%E,F ‘ 54 o 73
3 IR 4 1M48:69.2% THREHR
, L8 M A% A+ 4h 51140 140:84.3%; HSR MK, AER
# 1% 2015 ‘ 63 3%k ™
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I R SEHE R T BFSE B, VEGF it 28 1k 7K -t gl 3iE 32 5 NSCLC A 56 1 MPE H 2% 1 5 A 56
VEGF F P Bz 300 28 78 B Jis B 049 7K 7 322 ) 3 v %) P9 Bz 300 R 7K, S B 193 NSCILC A S 1 0 P il s £
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VEGF #7855 i I Ab 56 5 KU . A R 58 IA N VEGF 32155 NSCLC #H 56 MPE 5 AR | i
oK BRI 220 DL B AT O I E VI &, S MK B 5 B H Al A 5 A% 22 [R1 A T O &R i o — 3k
WSS B VEGE A 2 DL T NSCLC #H 56 1 MPE B 2 i F)5 . ki B, $it VEGF 577 % NSCLC
AHIEAE MPE BA 8 22093697 B, VEGE 7K P J& I 1] NSCLC A5 G MPE 835 I Bl dEpn 2z —

5 #iE

Zi BT ik, VEGF ££ NSCLC Al &Pk MPE Hf 1 A B 5T, JCIE £ 12 Wi G PR If 7 B4R B oA B 21 5
o BEFE T AW A EOR B K MPE B2 W 78 i i BUORAE AL 70 A 2006 g B 25 R A5G £ 25 14 Al
WS TR BRI > T A EORAN S T AR B A R R, SR A T AR AR S R Y
Fh5 o MPE B KL S 2%, VEGF 7E—E T2 L /8 T MPE B AL, [F] IR 8 MPE #9357 $2 4 T
BrAHL L. U DU AER BB A T LT AR, R R ST UE S, SR A DL AR R AP AR A AL 1 R Y
25y %t NSCLC 1 MPE [ B S0 Bioid 8 2, AN ss 1T R 9 A0 e, i LA — e AR B 1 /s A
A3, R T VA 4 T 7K 3 7 R s AT 2R s T T ) e 82 ] AL, 75 B 22 ) R AR AS BIE 5 Sk it — 2k
o FRIT B 22 I i 24 100 1) T Shy RS 00 P T8 0 A A 9 S I A A ST R A B



94

TR AFZRCH SR FR) REA6H

[26]

[27]

2 2% 3Lk ( References )

CHEN W, ZHENG R, BAADE P D, et al. Cancer statistics in China,2015[J]. CA Cancer J Clin,2016,66(2) : 115-132.
PENZ E, WATT K N, HERGOTT C A, et al. Management of malignant pleural effusion : challenges and solutions [ J ]. Cancer
Manag Res,2007,9:229-241.

i A v B P I B 2 T 567 L) ] AR R, 2014, 53(3) £ 166-167.

ZACHARY 1. Signaling mechanisms mediating vascular protective actions of vascular endothelial growth factor [ J]. Am J Physi-
ol Cell Physiol ,2001,280(6) : C1375-1386.

IDE A G, BAKER N H, WARREN S L. Vascularization of the brown pearce rabbit epithelioma transplant as seen in the trans-
parent ear chamber[J]. AmJ Roentgenol , 1939 ,42:891-899.

FOLKMAN J. Tumor angiogenesis : therapeutic implications[J ]. N Engl ] Med, 1971,285(21) : 1182-1186.

SENGER D R, GALLIS J, DVORAK A M, et al. Tumor cells secrete a vascular permeability factor that promotes accumulation
of ascites fluid [ J ]. Science , 1983, 219 : 983-985.

FERRARA N, HENZEL W J. Pituitary follicular cells secrete a novel heparin—binding growth factor specific for vascular myo-
cytes [J]. Biochem Biophys Res Commun, 1989, 161 : 851-858.

DE VRIES C, ESCOBEDO J A, UENO H, et al. The fms—like tyrosine kinase , a receptor for vascular endothelial growth factor
[J]. Science, 1992,255:989-991.

HARMEY J H, BOUCHIER-HAYES D. Vascular endothelial growth factor (VEGF) , a survival factor for tumor cells : impli-
cations for anti—angiogenic therapy [ J ]. Bioessays , 2002, 24 : 280-283.

BRADSHAW M, MANSFIELD A, PEIKERT T. The role of vascular endothelial growth factor in the pathogenesis , diagnosis
and treatment of malignant pleural effusion[ J ]. Curr Oncol Rep,2013,15:207-216.

ZANG J,HU Y, XU X, et al. Elevated serum levels of vascular endothelial growth factor predict a poor prognosis of platinum—
based chemotherapy in non—small cell lung cancer[ ] ]. Onco Targets Ther,2017,10:409-415.

POPPER H H. Progression and metastasis of lung cancer| ] |. Cancer Metastasis Rev,2016,35:75-91.

HU C P. Interpretation of expert consensus 2014 on diagnosis and treatment of malignant pleural effusion[J]. Chinese Journal
of Practical Internal Medicine ,2015,3(1):1-2.

DVORAK H F. Vascular permeability factor/vascular endothelial growth factor : a critical cytokine in tumor angiogenesis and a
potential target for diagnosis and therapy [ J ]. J Clin Oncol , 2002, 20 : 4368-4380.

FAFLIORA E, HATZOGLOU C, GOURGOULIANIS K I, et al. Systematic review and meta—analysis of vascular endothelial
growth factor as a biomarker for malignant pleural effusions[J ]. Physiol Rep,2016,4:¢12978.

SRIRAM K B, RELAN V, CLARKE B E, et al. Diagnostic molecular biomarkers for malignant pleural effusions [ J ]. Future
Oncol ,2011,7:737-752.

GU Y,ZHANG M, LI G H, et al. Diagnostic values of vascular endothelial growth factor and epidermal growth factor receptor
for benign and malignant hydrothorax [J]. Chin Med J, 2015, 128 :305-309.

NAM H S. Malignant pleural effusion : medical approaches for diagnosis and management [ J ]. Tuberc Respir Dis, 2014, 76
211-217.

CHEN Y, LIANG B,ZHAO Y J, et al. Transcription expression and clinical significance of vascular endothelial growth factor
mRNA and endostatin mRNA in pleural effusions of patients with lung cancer[ ] ]. Diagn Cytopathol ,2012,40:287-291.
JIANG B, WU G P,ZHAO Y ], et al. Transcription expression and clinical significance of TTF~1 mRNA in pleural effusion of
patients with lung cancer[ J ]. Diagn Cytopathol , 2008 , 36 : 849-854.

PALAORO L A, BLANCO A M, GAMBONI M, et al. Usefulness of ploidy , agnor and immunocytochemistry for differentiating
benign and malignant cells in serous effusions[ ] ]. Cytopathology , 2007, 18 : 33-39.

LIGHT R W. Pleural effusions[ J ]. Med Clin North Am,2011,95(6) : 1055-1070.

XUBKTS. VEGF B 45 CEA i W3] NSCLC A Mg s BUR I PR (LA [T . S IR =243, 2013, 27 (2) : 156-159.
STATHOPOULOS G T , KALOMENIDIS I. Malignant pleural effusion : tumor—host interactions unleashed [J]. AmJ Respir
Crit Care Med, 2012, 186 :487-492.

HAMED E A, EL-NOWEIHI A M, MOHAMED A Z, et al. Mahmoud A. Vasoactive mediators (VEGF and TNFalpha ) in pa-
tients with malignant and tuberculous pleural effusions [ J ]. Respirology,2010,9(1) : 81-86.

GERBER H P,FERRARA N. Pharmacology and pharmacodynamics of bevacizumab as monotherapy or in combination with cy-



2018 45 % 1 3] BR o 22, % :NSCLCAHE X i % M iy 5 AR VEGF Fak Blfs R 3 T 5 3 R 95

[28]

totoxic therapy in preclinical studies[ J ]. Cancer Res, 2005, 65 : 671-680.

NUMNUM T M, ROCCONI R P, WHITWORTH J, et al. The use of bevacizumab to palliate symptomatic ascites in patients
with refractory ovarian carcinomalJ J. Gynecol Oncol , 2006, 102 : 425-428.

FERRARA N, GERBER H P, LECOUTER J. The biology of VEGF and its receptors [ J ]. Nat Med , 2003, 9 : 669—676.
HICKLIN D J, ELLIS L M. Role of the vascular endothelial growth factor pathway in tumor growth and angiogenesis [ J ]. J Clin
Oncol,2005,23:1011-1027.

ZACHARY I. Signaling mechanisms mediating vascular protective actions of vascular endothelial growth factor[J]. Am J Physi-
ol Cell Physiol , 2001 , 280 : C1375-1386.

PRITCHARD-JONES R O, DUNN D B, QIU Y, et al. Expression of VEGF (xxx) b, the inhibitory isoforms of VEGF , in ma-
lignant melanoma [J].Br]J Cancer,2007,97 : 223-230.

FERRARA N. Vascular endothelial growth factor : basic science and clinical progress [J]. Endocr Rev,2004,25:581-611.
VOELKEL N F, VANDIVIER R W, TUDER R M. Vascular endothelial growth factor in the lung[J]. Am J Physiol Lung Cell
Moistiol , 2006, 290(2) : L.209-221.

SEMENZA G L. Targeting HIF-1 for cancer therapy[] ]. Nat Rev Cancer,2003,3:721-732.

MAYERHOFER M, VALENT P, SPERR W R, et al. BCR/ABL induces expression of vascular endothelial growth factor and its
transcriptional activator , hypoxia induciblefactor—1alpha, through a pathway involving phosphoinositide 3—kinase and the mam-
malian target of rapamycin[ ] ]. Blood , 2002, 100 : 3767-3775.

LOEFFLER S, FAYARD B, WEIS J, et al. Interleukin—6 induces transcriptional activation of vascular endothelial growth fac-
tor (VEGF) in astrocytes in vivo and regulates VEGF promoter activity in glioblastoma cells via direct interaction between
STAT3 and Sp1[J]. Int J Cancer, 2005, 115:202-213.

COHEN T, NAHARI D, CEREM L W, et al. Interleukin 6 induces the expression of vascular endothelial growth factor[J . J
Biol Chem, 1996,271:736-741.

WOJCIK E, JAKUBOWICZ J, SKOTNICKI P, et al. [IL-6 and VEGF in small cell lung cancer patients [J]. Anticancer Res,
2010,30:1773-1778.

JER UL VA BUEIR YT A M E BOR A F SO R [ ] S RRRE 245, 2012(5) 1 538-539.

O'REILLY M S, BOEHM T, SHING Y, et al. Endostatin : an endogenous inhibitor of angiogenesis and tumor growth[J]. Cell,
1997, 88:277-285.

HAYES A J,LILY,LIPPMAN M E. Antivascular therapy : a new approach to cancer treatment [ J ]. BMJ, 1999, 318 : 853-856.

XU X, MAO W, CHEN Q, et al. Endostar, a modified recombinant human endostatin , suppresses angiogenesis through inhibi-
tion of Wnt/B —catenin signaling pathway[ J |. PLoS One,2014,9:e107463.

RONG B, YANG S, LI W, et al. Systematic review and meta—analysis of Endostar (rth—endostatin) combined with chemothera-
py versus chemotherapy alone for treating advanced non—small cell lung cancer[ ] ]. World J Surg Oncol , 2012, 10 : 170.

MOHAJERI A, SANAEIL S, KIAFAR F, et al. The challenges of recombinant endostatin in clinical application : focus on the dif-
ferent expression systems and molecular bioengineering[]]. Adv Pharm Bull,2017,7:21-34.

SHICHIRI M, HIRATA Y. Antiangiogenesis signals by endostatin[ J ]. FASEB J, 2001, 15 : 1044-1053.

HAJITOU A, GRIGNET C, DEVY L, et al. Antitumoral effect of endostatin and angiostatin is associated with a down-regula-
tion of vascular endothelial growth factor expression in tumor cells [J]. FASEB J, 2002, 16: 1802-1804.

LID H,LIU Q G, WANG H P, et al. Study on recombinant human endostatin in the treatment of malignant pleural effusion in
the elderly[J 1. Shaanxi Med J (China) ,2015,44: 1138-1139.

MURAKAMI A, TABATA C, TABATA R, et al. Clinical role of pleural effusion MMP-3 levels in malignant pleural mesothelio-
mal J]. Oncol Lett,2012,3:581-585.

MA X, YAO Y, YUAN D, et al. Endostar suppresses angiogenesis and lymphangiogenesis of malignant pleural effusion in mice
[J]. PLoS One,2012,7 : €53449.

QIN S, YANG L, LIANG J, et al. Prospective , randomized , multicenter clinical study of endometrial and cisplatin in the treat-
ment of malignant pleural effusion [J]. Chin J Clin Oncol ,2017,22 : 193-202.

HU X,SHI'Y, WANG H, et al. A clinical study on intra—thoracic chemotherapy of recombinant human endostatin combined
with cisplatin for malignant pleural effusion [J]. Clin Med J,2015,3:23-27.

WEI H, QIN S, YIN X, et al. Endostar inhibits ascites formation and prolonged survival in mouse models of malignant ascites

[J]. Oncol Lett,2015,9:2694-2700.



96 TR AFZRCH SR FR) REA6H
[54] ZEiuE, X750, TRk, A5 FA M BN ER 5407 510 7 i SN ST A B e fr) e PRAFE S0 1. 1l PR e 8 = A%

[55]

[56]

[70]

,2012,34(5) : 426-428.

KISKER O, BECKER C M, PROX D, et al. Continuous administration of endostatin by intraperitoneally implanted osmotic
pump improves the efficacy and potency of therapy in a mouse xenograft tumor model [ J ]. Cancer Res , 2011, 61 : 7669-7674.
ZE R, BRI IR 5 JELE M 9B T I 9 W S I /D 200 i 8 M e B R e RS [T ). R R S R 24, 2016, 11
(26):228-229.

TR ARORSE R0, 45 AN A B M 3R 565 A7 107 I /0N A0 s e s AR A7 8oL ¢ 0 ] b i
JRIMTEE ,2014,41(24) : 1573-1576.

A R BEIBRA ITAATA T AR /) 20 i i i A P e s RO B e RO LD ). 55 AR B %, 2014, 35(19) : 4308-4309.

W 5 R SE R R RIS MUEAE S AR /I 200 i e e f AR e 1 [T ] R E 240, 2013,22(119)
21-22.

XA e BEC, B B, A REUBE IR 5 IR 1 J P SR T A D 200 i 98 A e f AR I R RIS () ). I AR BE 2
2010,50(8) : 79-80.

BRSSO IURA N fs P PR TR IR B I s AR RO ) ] S I R R 244 7, 2010, 14 (13 ) : 63-64.

2R SCHE. ROE M i PN TSR A M e B T RO EE [) ]. BR 2R A2k, 2011, 32( 7)1 170-171.

VR BB, e 2 N A P B A 3R Ik IR B P T SR T Sl /) 200 988 o A e s AR I PR B 5
()] SEHPRRE 2%, 2014,29(12) : 1592-1594.

YAN J,JIANG Y, XU H. Endu treatment of malignant pleural effusion [J]. Practical J Cancer,2012,27:538-539.

ZHOU C, WU Y L, CHEN G, et al. BEYOND : a randomized , double=blind , placebo—controlled , multicenter, phase I1I study
of first—line carboplatin/paclitaxel plus Bevacizumab or placebo in Chinese patients with advanced or recurrent nonsquamous
non-small—cell lung cancer[ J . J Clin Oncol ,2015,33:2197-2204.

SHIBUYA M. Vascular endothelial growth factor (VEGF) and its receptor (VEGFR) signaling in angiogenesis : a crucial tar-
get for anti— and pro—angiogenic therapies[ ] ]. Genes Cancer,2011,2(12):1097-1105.

WU Z,WU Q,SUN D, et al. Progress in response prediction for bevacizumab in anti—tumor therapy [ J |. Prog Modern Biomed ,
2014, 14 :4570-4573.

GUAN F,LIZ,YUAN S, et al. Current status and clinical application of bevacizumab[ J ]. Chinese Scientists , 2016, 12: 30.
TAMIYA M, TAMIYA A, YAMADORI T, et al. Phase2 study of bevacizumab with carboplatin—paclitaxel for non—small cell
lung cancer with malignant pleural effusion [J]. Med Oncol ,2013,30(3) : 1-6.

LIHT,PEICH,LIAO T L, et al. Pleural fluid osteopontin, vascular endothelial growth factor, and urokinasetype plasmino-
gen activator levels as predictors of pleurodesis outcome and prognosticators in patients with malignant pleural effusion : a pro-
spective cohort study[,]]. BMC Cancer,2016,16(1):1-8.

MRRAE, IR, A2 i Lo, DU BT I0E G T T 7 A /)N 200 e it 9 20 P e Js BRI PRI [0 ] I R 7R 2 4, 2016,
44(7) : 698-700.

B R, FLRH BRI DA BT BA06 7 I /0 A0 e i s e fs AR I PRI [ ). v I i R 25 B2 2% 38, 2016,
22(13) :813-816.

M, Z A . UGBTI VR YT Ak /0N 20 s g 0 1 i RO RO A2 A [T ). R g 28 i Rz el (BB
J2),2015,35(8) : 1194-1198.

HHEE, 220, J RS WL DL AR BB IBR 45 MU 3607 =1 /) A i 9 A e e Jes BRI PR AT [0 ). o B BR R R4l , 2015,
44(7) : 648-652.

B DU RIIVEAIER 1336 7 /200 6 i e e PO 1y 28 PP A [ ). [ BRI I AR, 2016, 36(11) - 814-817.
B, ok B, T, L DU ARCERTIRE A 1% 5 it ZE /BRI T Sl e A A /) 0 L e D R R I PR BT 5
()] S BHBOR 22 i (BR 22 ), 2013, 42(5) - 588-591.

XA FR AL I, A5 DU ARCRRTIE A BA /8% 5C iih 2835 75 NSCLC % 1k I i RO A o7 28 L) 1. 04 pl [ s I 24
2016,26(12) : 1148-1150.

ZHANG Y, YU LK, LU G J, et al. Prognostic values of VEGF and endostatin with malignant pleural effusions in patients with
lung cancer| J |. Asian Pac ] Caner Prev, 2014, 15 : 8435-8440.

(LS B R





