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Abstract

BACKGROUND: Osteosarcoma is a common clinical disease. In recent years, the application of inorganic nonmetal biomaterials in the treatment of
osteosarcoma has become a new way to overcome the bottleneck of traditional treatment.

OBIJECTIVE: To introduce the application of inorganic nonmetal biomaterials in the diagnosis and treatment of osteosarcoma, and to summarize its current
research status and future application prospects.

METHODS: A computer-based online search of Web of Science, PubMed, and CNKI was performed to retrieve articles regarding inorganic nonmetal
biomaterials in the diagnosis and treatment of osteosarcoma and mainly retrieve experimental articles on the preparation, application and animal cell
experiments of inorganic non-metallic biomaterials for osteosarcoma. Finally, 69 articles were included for review.

RESULTS AND CONCLUSION: (1) Inorganic nonmetal biomaterials have excellent characteristics of good biocompatibility, stable physical and chemical
properties, biodegradability and promoting osteogenesis. (2) The inherent shortcomings of inorganic nonmetallic materials, such as weak anti-fracture
performance, high preparation process requirements, low loading dose of drugs and bioactive molecules, limit the application in the cases of bone defects in
load-bearing areas and controlling drugs releasing. (3) At present, inorganic nonmetal biomaterials such as nano drug loading platform, biological implantation
scaffold and material surface coating are wildly used in the treatment of osteosarcoma, which realizing new diagnosis and treatment strategies in chemokinetic
therapy, nano targeted diagnosis and treatment, catalytic therapy, immunotherapy and tumor hyperthermia through functional modification. However,

these researches mostly stay in the basic experimental stage for lacking of the clinical trial data support. (4) Improving the preparation process of inorganic
nonmetallic materials, exploring new functional modification strategies and further extensive clinical evaluation are the key to turn the basic research into
clinical practice and promote the sustainable development of inorganic nonmetallic materials.
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M EIe T, R RAES KEIRE, 808 nm LB T, £
5min A FAEHKTF (ABHF 51 °C), vOYERE ; BT, #
Anik 0 £ F A e A3 Ao b4 tm S 8 1 -5 BN 9 dm 04 )
T RAEAT AL T B S 2 R R R E K. 25,
mTERENEBER, #—FRkT T EA.

LR ATIET T RAAER BTG S Rbl, ARILT
BT FRBRE F657 550 maek Y, AMBERZRE WGBS
7 B EATAE B F R AR & 693X 5 B R RAE T RAF6) Ik,
2.4 ENESEREAMREESRZEIS 5SBENNA A% Lit
FAIEL B AR MR NIRRT 5 ANRCE2ERT
BAFOI R, AMmA RIS, FAMRGHRSHRT 3R
ST VAR AT 0 B i A B AT IB AL R Z AN, K ER A AL
HKEZREFEE™. B4, AR oHHTLEITE, 2
LELNSREE R & SN S AR N YA R AN o S
Vo dnis, PR T HAER R WL Bk, BB B E T A
kAT B FA. TAIEE BN AL AT, MRS,
BITALERA . ARG, RIS amfe . iEAS . 3.
SACA B G| SR B A G hE

B LR GRS IEIT B A e Bt AL, TR
WAR T EVEMR T T, RE TR, BT 24 F14,
BRSBTS I AR KB
241 EHYEHBESETNGEA THAAXLHZEEHA
HLHY—FrF X, TEBRY &L HHRFEGF, £ B AR
g EHRENHY, KTFALEFEa ik, %keHsE
Fr ik PO Z R AR B R TUR B TUAS A B E LR 64 i i
NG R IBR, MR KRERIR Y RRER A, #E5H5HH
aF) 8 2 B O WANG & Bk T — R R - LB A E A
BB, R BEARFRGRGE. RIFAMERE
M. TG A A, RILERE - JLBAAAD 5 B) T 89
BT B B TGRS IE AR, S RATIL
FAT AR B EILE W IB 6T AR BBy . B AT
wth. RPTHEBMER, ARTLZEARTFR, ULUES
A% R FRERAS | 32 B B e AR ) T B 69 B 30 48 25 Bk,
ERH. FEA2ndaMELZAMBT T RNE, EFEE
8, SRR AL b BAT R MR R LI EAEpHT.4
ARBRM (pH 5) ZRBL T, % & % A4 iE 28% = 36% ¢ i 244
4B RBR, K% 63% K ERA 4 B, Rat, %
B R GRG0 BB R B A B T I R 7 845 69
A, B ERERIBRTE L, TUANIRRA AT BT
LT R, ARAGFHAFFWE . b, AATE
SR IR HR 2 BEAT B3R5 T LR A T SE 4976 57 69, YOON 4 B9
& T T EE A4S TR T T RS T LR B LR B AR A2 A
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%, B RIBETT PR KRR 6 RIS,

Fb, EAIIEEBHA AR EESZ T IR, Kt

IRE A AMARR, TEIAKY. EHERHILY, THLSH
ot 25 M Fe f R A RIS A, H IR A B SRR 44, Jhadad
BT et B MK, R OR. B E A Mgkt
TR GRFARAN, TAHRERNIEL B M H R 2/
RE ) PRAEFT 49 B3,
242 B ABHRG AT ESG AR P A 3DITERHA
RS IEAR B R, TR ZRAMELIIEL B L
RESTHAMAT. £ 3D TP AR R L Rt s b, A FHE
KA D AT AMHIB IR AE AR _EZHMR A, RAME
T R RABE RS LA AR AR, RIFT RAFIIT B
SROY Bk PR B ARG B AR, R B- BEER =45 R @Ak EdL B
BIHRE, AT ARAT RAF O I R HGE SRR, PR AR
PR, T BA, ZRAEE TR PR
R R EERGE TR R R 7 %, i@ idd4id Cao, A= Fe,0, 4 K AHF
Bl AR5 3D TP u4E b ko 2 2, MAET S «—
WAL ARG, AR Fe,0, ARIR AL RAAHE & X L Ak
BN AR AT 7 Y. B T SR R A
BHWMMETERS. SAMEUEREAMEER, BIFEFE
E TR R R TGS . A, Fe,0, ARAB AT
R TR N g Ee i AL A, @it “E5M” R F4A
EMWA, TR TGO EN N FET. HE—F LRI B
MK L H0, VA T A R FiE A, R84 g aitEey
BHRARF P, Wi RALAE “4EE R Ca0, /£ 3D ATEP4E
kB EEEG Fe,0, £ F i, LI T RIFOBAM AT
AL, SSRGS RIAR A AP IE 69 A K. Cao,
B B BEAAS TLE, AmATEE AR g8 A . Bk, ST
HAR A B EAR A5 B, B AL 3D ATEP A RS R T
IE NI JROET 5B S L., i, FARRK
5- R 3 QR B ZRRBAS RO ZAR, BOME B LR A
Rk RAF OB MG S 7 BOR, ST AAEAS AL E 5T 69 F A A
P,

B AMIAEE BHAMAT R TAE DY . RRBRR S
FEF X, FEADBIT R TIFBERIRE T AE B, K
REE, B RS R AR G| FALUE A B A AR
Ve B I8 RS B BAS RERBNATT B Rk ., R AR
B IR RBREA MRS T R R 5 F, T IR WL
BT TR GETRE, BABAAHH X LYLY S
B, FEFER W57 I B AR KA.

3 i{7i$ Discussion

3.1 BB ATEZISHARNAMAEANEM ek, £
AL BHAR A ST E, CE2BRFTRANER, ATL
HUAE 2 B 2 A AT Z 80 4 KA AT AR A, 27 WIBIE 7T .
G R ARG E TR T T RIFHNARERGES, A
ER Lt —FHETRNBET I REGETHR, HEEH
ABREEZT b, Kd, RAAEE B BA 6 2
BB HEILERZRS A EAMEES T HIRANTNERL,
PRl T AR R B8R FHRHETEEESMFEHGEA.
Sooh, X BRI AT G AR AR 52 B el R SR B R B B TR
S 4T 3 B 3K LB 5T AR IR 09 16 R L R B R R AE AL AR ) R A R R Y
B, & HF G AL B TR IR G B
Begs S 34T 428, (2B MAEAMNIEE B “—H 2 A7 |
FHEF RNBHBRREBGE T B RS ARk, LFEE LR
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iEat by MR R AT — R, A REMTREREE
% FHE: 34
3.2 FEGAXBITFHAMRIVER B AT, 40 LAk &4
FERILE W) G H SR B AR AE B 6 L2 R Y, L F G AET
st b G A SR AT R, A B R R AR B S A
&3t LFEZWET RAIEE B KM IEAMA LT A
JBE T M A E BB 5 @R e RAFHRAE K
71, BB ALt &K AR R B B AeiE B SE B BEAT T e, SRR
J& Gt AR T e AT T R

EFIAAR T, KB HALHZARDBGERA AR, 2
A AL 5%-10% 8494 F E 4 26 Mk ik i% 5| Ye by ib g 304z 7,
& F 2020 4 CHENG & 7 447 Meta A1 eg s Rk A&, HAEA
T AR R ) ) FAER AT T 376 NaIE R, kg
B EFE T 2005-2018 X Kty &b kY, FRAINLERSE
— /A RARRT 1) & 49 34 Ao P AAETIE SR 5 A A 2.23% A= 0.76%;
SbIl, PR 255 24 h 69 -F ¥ Fe AL B E 5 A A 2.24% Fa
0.76%, 168 h 43| % 1.23% #= 0.35%. X300 i 1T 24 K A4
B RT AR 89 F 8] B . BA — 2 e ¥ed b/ . g
READHE A RIRFARF R, LA B AFRRL 2 L EB AKX,
ML G R TR R

Shdl, F-sk 09 AT R G A EPR 2L 2 gh R AR HEAT AR
T ERE EAE]. WK EAR ( ALF2 20-200 nm) IT A8 1A K 49
0% Py 3L ( EL 4R 10-1 000 nm) 5 B AR T8 AR Y5 44 i) F o B0
K% HM G F o EE AR B 695 2 A B T R BAR G ARG An i
B, A9t s e AT K I EPR 2R vk KB & LA, {2
ARG L ohiR 5 EPR HHATH K 505 SR 09 A UM AFiE—
FiEE, BTFRAMBRALESF S FHHEALARRARR O,
QL FRE, AAMTFRIGKDN. RitEEREIAS., A
KRR B R G E S A R, RO FERS Bk
RATH SN 20 B BT a0 M AL, (2716 JRAEIL 6 DA
'E’z [63—64]c

B AT RALIE A B S R A B B AT (9T, 2K
RT S GLHEG%, BT HWBARAL TS Ies Bp@ it EPR
MR & Wb g, BT A b 8 i R A AR BRBUAR IS Am Hat
PP sl e b 0, gl X ST 2 iR A G VAR
H 2 R, 4w pH AR, SR, R FeAR B RS AR B 4 T,
VAIA B JE A SR IR T 35 P 0B B

T AR BREL R 7 dy, AR IR B R AR BN
b, FARIL L BT F RGBS T AR, B BT B R E
FAEFZAEGL AT I SR Z T I et iE. BAE. B
AN AL ARGty 42, FFAEMASMZIRZ A8 IR,
S A ISR L RN RE BRI R IR T A A S0 B HY
REBDAFRBAI B @M., 5G4 hmt, TG TR
B BTG 98 A AW B o & &) R .
3.3 ZEAROVBRME AL FF AT AA 6 RAAEL B A
FH RIBLIT I ik, (B2 RAGE T X sk 374 ag4F R 32
BARRER, RIS M B EAE AT IE Mg K, i,
HF E R RS IF G E RN, KB HARH
o BT S 050 55 B k3, A2 AR AR HRAL AR W6 R AR 7 AT B
B R HEATIE RIREE, B2 T 6916 ORI SR .
3.4 LANEERN @A AR 9 45E, TR ILAAIE
B MAF T NI P AR B2 AR, i
FIRRIH TR ITIEE 97 R, 28 2 R R E 8916 R
XY HIE, Bt e iAo s AT AR AR e 4T R B 52
FRlG R B At £ . 4ofT 5 IR RAUIE & B A48 B A7 64 8 2k

A3 HETEERG DM EADERS T ABA T NFRE,
FREEANREHMR. BERHRETEEBHNFHHGERN L
B, R A B AR R R AT A 2 fe B Rkt
H—F 7RI RN RN, ARAEE B A YA A E S A TIE R,
SEILA R L R INABF R B2 A 5 SR A R R 0 1P AL

TEEREK: LT P, TAES AME. 8K
B, BIFEIMERKRER. MIERFT VR, FHRAAREN BT L X,
R FeE s AT AR

FIFMR: LFGLHML Y, ERAHAFLERTIEZY R
BEAZFR,

FERGREVERR: 38 — B FFAURIRIE, 48 (FriR3k FF T i)
“E 4 - AFFALMAR R - AR KEF 4.0 K3, ESHIRGHAT,
AAFAA T etk B 69 F RN A%, PEFY R, R AT
TR P . T N, A, 3T, k. BREEIZIHK, HH
25 R, RS AR R T AT A A IR,

FRAREEIL: S bR AT AR 5 435 F T LFERARAE A .

ARG : XERBETT (AALEMRESFIREHLY (PRSMA
FE). XFERAMCLZEE LRI G LREN R LHITIREE. L
FRPRATINF ERRGINT, RATEBUAAD XL FHCHALAATE.

4 =ETmk References

[1] MARINA N, GEBHARDT M, TEOT L, et al. Biology and therapeutic advances
for pediatric osteosarcoma. Oncologist. 2004;9(4):422-441.

[2] PICCI P, Osteosarcoma (osteogenic sarcoma). Orphanet J Rare Dis. 2007;2:6.

[3] HEARE T, HENSLEY MA, DELLORFANO S. Bone tumors: osteosarcoma and
Ewing’s sarcoma. Curr Opin Pediatr. 2009;21(3):365-372.

[4] GUILLON MA, MARY PM, BRUGIERE L, et al. Clinical characteristics and
prognosis of osteosarcoma in young children: a retrospective series of 15
cases. BMC Cancer. 2011;11:407.

[5] MISAGHI A, GOLDIN A, AWAD M, et al. Osteosarcoma: a comprehensive
review. SICOT J. 2018;4:12.

[6] LOH AH, NAVID F, WANG C, et al. Management of local recurrence of
pediatric osteosarcoma following limb-sparing surgery. Ann Surg Oncol.
2014;21(6):1948-1955.

[7] EBB D, MEYERS P, GRIER H, et al. Phase Il trial of trastuzumab in combination
with cytotoxic chemotherapy for treatment of metastatic osteosarcoma
with human epidermal growth factor receptor 2 overexpression: a report
from the children’s oncology group. J Clin Oncol. 2012;30(20):2545-2551.

[8] AU KM, SATTERLEE A, MIN Y, et al. Folate-targeted pH-responsive
calcium zoledronate nanoscale metal-organic frameworks: turning a
bone antiresorptive agent into an anticancer therapeutic. Biomaterials.
2016;82:178-193.

[9] WACHTEL M and SCHAFER BW, Targets for cancer therapy in childhood
sarcomas. Cancer Treat Rev. 2010;36(4):318-327.

[10] WU JJ, WILLIAMS GR, ZHU Y, et al. Ultrathin chalcogenide nanosheets
for photoacoustic imaging-guided synergistic photothermal/gas therapy.
Biomaterials. 2021;273:120807.

[11]  WANG J, HU X, XIANG D. Nanoparticle drug delivery systems: an excellent
carrier for tumor peptide vaccines. Drug Deliv. 2018;25(1):1319-1327.

[12] CHENC, XIE L, RENT, et al. Immunotherapy for osteosarcoma: fundamental
mechanism, rationale, and recent breakthroughs. Cancer Lett. 2021;500:1-10.

[13] LIUY, NADEEM A, SEBASTIAN S, et al. Bone mineral: a trojan horse
for bone cancers. Efficient mitochondria targeted delivery and tumor
eradication with nano hydroxyapatite containing doxorubicin. Materials
Today Bio. 2022;14: 100227.

[14]  HET, YUAN YY, JIANG C, et al. Light-triggered transformable ferrous ion
delivery system for photothermal primed chemodynamic therapy. Angew
Chem Int Edit. 2021;60(11): 6047-6054.

[15] CHUBY, QU Y, HE XL, et al. ROS-responsive camptothecin prodrug
nanoparticles for on-demand drug release and combination of
chemotherapy and photodynamic therapy. Adv Funct Mater. 2020;30(52):
2005918.

[16] DONG SJ, CHENY, YU LD, et al. Magnetic hyperthermia-synergistic H,0,
self-sufficient catalytic suppression of osteosarcoma with enhanced bone-
regeneration bioactivity by 3D-printing composite scaffolds. Adv Funct
Mater. 2020;30(4):1907071.

[17] BERHES, DANZER E, MEYERS P, et al. Unusual abdominal metastases in
osteosarcoma. J Pediatr Surg Case Rep. 2018;28:13-16.

[18]  RAINUSSO N, WANG LL, YUSTEIN JT. The adolescent and young adult with
cancer: state of the art- bone tumors. Curr Oncol Rep. 2013;15(4):296-307.

Chinese Journal of Tissue Engineering Research | Vol 27 | No.21 | July 2023 | 3373



@77z

PEERTIZHR

www.CITER.com Chinese Journal of Tissue Engineering Research

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

INVERSC , BRI, BRJA L, 55 . B R4S S E S EARLS T AR R YT
TEFedt ). SEH A Rl & ,2019,25(8):728-733.

OGAWA Y, UE H, TSUZUKI K, et al. New radiosensitization treatment (KORTUC
1) using hydrogen peroxide solution-soaked gauze bolus for unresectable
and superficially exposed neoplasms. Oncol Rep. 2008;19(6):1389-1394.
BLATTMANN C, OERTEL S, THIEMANN M, et al. Histone deacetylase
inhibition sensitizes osteosarcoma to heavy ion radiotherapy. Radiat. Oncol.
2015;10:146.

AHRW], 5, AKTT L SERNE ) R [ I | R ORI A
ORI SR 2% S RAE (). AR B2 TREE T ,2022,26(18):2888-2893.
CHEN ZW, ZHANG PD, XU Y, et al. Surgical stress and cancer progression: the
twisted tango. Mol Cancer. 2019;18(1):132.

HARRISON DJ, GELLER DS, GILL JD, et al. Current and future therapeutic
approaches for osteosarcoma. Expert Rev Anticancer Ther. 2018;18(1):39-50.
XU M, XU F, YU C. Clinical analysis of osteosarcoma patients treated with
high-dose methotrexate-free neoadjuvant chemotherapy. Curr Oncol. 2014;
21(5):E678-E684.

ANDO K, HEYMANN MF, STRESING V, et al. Current therapeutic strategies
and novel approaches in osteosarcoma. Cancers. 2013;5(2):591-616.
TCHOUNWAOU PB, DASARI'S, NOUBISSI FK, et al. Advances in our
understanding of the molecular mechanisms of action of cisplatin in cancer
therapy. J Exp Pharmacol. 2021;13:303-328.

WITTIG JC, BICKELS J, PRIEBAT D, et al. Osteosarcoma: a multidisciplinary
approach to diagnosis and treatment. Am Fam Physician. 2002;65(6):
1123-1132.

CHEN B, YANG JZ, WANG LF, et al. Ifosfamide-loaded poly (lactic-co-glycolic
acid) PLGA-dextran polymeric nanoparticles to improve the antitumor
efficacy in Osteosarcoma. BMC Cancer. 2015;15:752.

WANG YC, DAI HL, LI ZH, et al. Mesoporous polydopamine-coated
hydroxyapatite nano-composites for ROS-triggered nitric oxide-enhanced
photothermal therapy of osteosarcoma. J Mat Chem B. 2021;9(36):
7401-7408.

ISAKOFF MS, BIELACK SS, MELTZER P, et al. Osteosarcoma: current treatment
and a collaborative pathway to success. J Clin Oncol. 2015;33(27):3029-3127.
WYCISLO KL, FAN TM. The Immunotherapy of canine osteosarcoma: a
historical and systematic review. J Vet Intern Med. 2015;29(3):759-769.
HUANG R, WANG MW, ZHU YZ, et al. Development of PET probes for cancer
imaging. Curr Top Med Chem. 2015;15(8):795-819.

JIN'YY, NI DL, GAO L, et al. Harness the power of upconversion nanoparticles
for spectral computed tomography diagnosis of osteosarcoma. Adv Funct
Mater. 2018;28(33):1802656.

JOKERST JV, GAMBHIR SS. Molecular imaging with theranostic nanoparticles.
Accounts Chem Res. 2011;44(10):1050-1060.

YANG R, KOLB EA, QIN J, et al. The folate receptor alpha is frequently
overexpressed in osteosarcoma samples and plays a role in the uptake of
the physiologic substrate 5-methyltetrahydrofolate. Clin Cancer Res. 2007;
13(9):2557-2567.

CIPRESTE MF, PERES AM, COTTA AAC, et al. Synthesis and characterization of
Gd-159-doped hydroxyapatite nanorods for bioapplications as theranostic
systems. Mater Chem Phys. 2016;181:301-311.

LU Y, LI LH, LIN ZF, et al. Enhancing Osteosarcoma Killing and CT imaging
using ultrahigh drug loading and NIR-responsive bismuth sulfide@
mesoporous silica nanoparticles. Adv Healthc Mater. 2018;7(19):1800602.
IMANI R, DILLERT R, BAHNEMANN DW, et al. Multifunctional gadolinium-
doped mesoporous TiO2 nanobeads: photoluminescence, enhanced spin
relaxation, and reactive oxygen species photogeneration, beneficial for
cancer diagnosis and treatment. SMALL. 2017;13(20):1700349.

KOPP LM, WOMER RB, SCHWARTZ CL, et al. Effects of dexrazoxane on
doxorubicin-related cardiotoxicity and second malignant neoplasms in
children with osteosarcoma: a report from the Children’s Oncology Group.
Cardiooncology. 2019;5(1):15.

CHAMBERLAIN FE, JONES RL, CHAWLA SP. Aldoxorubicin in soft tissue
sarcomas. Future Oncol. 2019;15(13):1429-1435.

WANG SD, LI B, ZHANG HL, et al. Improving bioavailability of

hydrophobic prodrugs through supramolecular nanocarriers based on
recombinant proteins for osteosarcoma treatment. Angew Chem Int Edit.
2021;60(20):11252-11256.

GHOSH S, RAJU RSK, GHOSH N, et al. Development and physicochemical
characterization of doxorubicin-encapsulated hydroxyapatite-polyvinyl
alcohol nanocomposite for repair of osteosarcoma-affected bone tissues. C
R Chim. 2019;22(1):46-57.

3374 | PEHERTIEWR | 582748 | 55218 | 20235F78

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

LIUYJ, QIAO ZG, GAO J, et al. Hydroxyapatite-bovine serum albumin-
paclitaxel nanoparticles for locoregional treatment of osteosarcoma. Adv
Healthc Mater. 2021;10(2):2000573.
TAN BW, WU YT, WU YZ, et al. Curcumin-microsphere/IR820 hybrid bifunctional
hydrogels for in situ osteosarcoma chemo-co-thermal therapy and bone
reconstruction. ACS Appl Mater Interfaces. 2021;13(27):31542-31553.
YOKOI K, KOJIC M, MILOSEVIC M, et al. Capillary-wall collagen as a
biophysical marker of nanotherapeutic permeability into the tumor
microenvironment. Cancer Res. 2014;74(16):4239-4246.
CHENG YH, HE CL, RIVIERE JE, et al. Meta-analysis of nanoparticle delivery
to tumors using a physiologically based pharmacokinetic modeling and
simulation approach. ACS Nano. 2020;14(3):3075-3095.
MICHIELS C, TELLIER C, FERON O. Cycling hypoxia: a key feature of the
tumor microenvironment. Biochim Biophys Acta. 2016;1866(1):76-86.
MAEDA H. Toward a full understanding of the EPR effect in primary and
metastatic tumors as well as issues related to its heterogeneity. Adv Drug
Deliver Rev. 2015;91:3-6.
ZHOU HY, HERNANDEZ C, GOSS M, et al. Biomedical imaging in implantable
drug delivery systems. Curr. Drug Targets. 2015;16(6):672-682.
MENG E, HOANG T, Micro- and nano-fabricated implantable drug-delivery
systems. Ther Deliv. 2012;3(12):1457-1467.
WANG YH, SUN L, MEI ZG, et al. 3D printed biodegradable implants as an
individualized drug delivery system for local chemotherapy of osteosarcoma.
Mater Des. 2020;186:108336.
LIU'Y, RAINA DB, SEBASTIAN S, et al. Sustained and controlled delivery of
doxorubicin from an in-situ setting biphasic hydroxyapatite carrier for local
treatment of a highly proliferative human osteosarcoma. Acta Biomater.
2021;131:555-571.
YOON SJ, MOON YJ, CHUN HJ, et al. Doxorubicin center dot hydrochloride/
cisplatin-loaded hydrogel/nanosized (2-hydroxypropyl)-beta-cyclodextrin
local drug-delivery system for osteosarcoma treatment in vivo.
Nanomaterials. 2019;9(12):1652.
WU'Y, WOODBINE L, CARR AM, et al. 3D printed calcium phosphate cement (CPC)
scaffolds for anti-cancer drug delivery. Pharmaceutics. 2020;12(11):1077.
a5, vt B R V)RR S T B SRS S A R AT St
J& D). AEWE B RS I R 7T ,2022,19(1):75-79.
WILHELM S, TAVARES AJ, DAI Q, et al. Analysis of nanoparticle delivery to
tumours. Nat Rev Mater. 2016;1(5):16014.
MATSUMURA Y, MAEDA H. A new concept for macromolecular therapeutics
in cancer-chemotherapy- mechanism of tumoritropic accumulation of proteins
and the antitumor agent smancs. Cancer Res. 1986;46(12):6387-6392.
FANG J, NAKAMURA H, MAEDA H. The EPR effect: unique features of
tumor blood vessels for drug delivery, factors involved, and limitations and
augmentation of the effect. Adv Drug Deliv Rev. 2011;63(3):136-151.
LAMMERS T, KIESSLING F, HENNINK WE, et al. Drug targeting to tumors:
principles, pitfalls and (pre-) clinical progress. J Control Release. 2012;
161(2):175-187.
NICHOLS JW, BAE YH. Odyssey of a cancer nanoparticle: from injection site
to site of action. Nano Today. 2012;7(6):606-618.
GILLIES RJ, SCHORNACK PA, SECOMB TW, et al. Causes and effects of
heterogeneous perfusion in tumors. Neoplasia (New York). 1999;1(3):197-207.
NICHOLS JW, BAE YH. EPR: Evidence and fallacy. J Control Release. 2014;190:
451-464.
FLYNN T, WEI CM. The pathway to commercialization for nanomedicine.
Nanomed Nanotechnol Biol Med. 2005;1(1):47-51.
WANG SY, HU HZ, QING XC, et al. Recent advances of drug delivery
nanocarriers in osteosarcoma treatment. J Cancer. 2020;11(1):69-82.
XU SF, LU HZ, ZHENG XW, et al. Stimuli-responsive molecularly imprinted
polymers: versatile functional materials. J Mater Chem C. 2013;1(29):
4406-4422.
PENG HL, DONG RC, WANG SQ, et al. A pH-responsive nano-carrier with
mesoporous silica nanoparticles cores and poly(acrylic acid) shell-layers:
fabrication, characterization and properties for controlled release of
salidroside. IntJ Pharm. 2013;446(1-2):153-159.
SENAPATI S, MAHANTA AK, KUMAR S, et al. Controlled drug delivery vehicles
for cancer treatment and their performance. Signal Transduct Target Ther.
2018;3:7.
WANG CF, MA ZJ, YUAN KM, et al. Using scaffolds as drug delivery systems
to treat bone tumor. Nanotechnology. 2022;33(21):212002.

(FATgmiE: W), ZN, ZJP)



