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Abstract

Boron Neutron Capture Therapy (BNCT) is a binary cancer treatment. The principal mechanism is
to deliver a B-10 containing drug into tumor cells firstly and then irradiate tumor lesion specifi-
cally with thermal neutron. The fission reaction will generate two particles, a particle and lithium
nucleus, which have high biological effectiveness and will damage tumor cells effectively. These
high linear energy transfer (LET) particles can not only destroy double strand DNA of tumor cells
but it can also protect adjacent normal tissue because it possesses very short reaction area. This
time we are trying to report a 77-year-old Shanghai male patient who suffered from huge recur-
rent hypopharyngeal cancer. After failure of several kinds of treatments, BNCT was chosen for him
as a salvage management. Because the recurrent tumor encased his right carotid artery, our BNCT
group first helped him to perform a stent-graft placement to protect his right carotid artery. Then
he was referred to cancer center in Tsing-Hua University Open Pool Reactor (THOR) for BNCT
management. He underwent B-10 drug (4-1%borophenylalanine; BPA) infusion first and then was
irradiated by thermal neutron. After BNCT, significant tumor regression was observed. Followed
Positron Emission Tomography (PET) scan revealed there was no viability of tumor cells. Patient
didn’t have any uncomfortable complaints after BNCT. The treatment results showed outstanding
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outcomes, especially for the tumors with infiltrating characteristics. It’s really an effective therapy
with good post-treatment quality of life.
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WP FRRIGT R — I o R T R, FEFEEEGE SN SW- 10N BEEN, FFH
MR UE, BRSO, BRI R P LT A B AN B AR YRR I R R R T
abL A KN . XL T B BB A AR T ANE RETE RUREOR 8 4 X S AC MR EDNA,  HLHR E TR i
AN, MTRBEFZHZADERERPIER. ARFEERE—A775KkE LBHEHEE, HEREX
BERMTHE, E2REMENBTERE, FEZAREIHH A FERBTRBANBIENLE. B TE
RMBEABAINK, ARG LREREGITFKLERPEXELE, FENMEBERZEFRM
W RS IRIT P OOBTIR T ZHE, A S RHEIT - 10Z54BPA (4-1°borophenylalanine) /5
HEZHGFRYE. JITHITEREERNATMNERNBSE /N SE, BERENEFREFERTMNE
EHRRMNRR. BERTREEAESHRERRR, BITRRERERIHXMETRRRE, RHE
EXFFRIEMER MR, TR B — N R R ERRET .
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1. &l

W F{F 35677 (Boron Neutron Capture Therapy, BNCT) & — WUHT UL M USRI BR, B Rk &
24T, SR T2 A% I S HE R e~ S B RS R DL A s TR AR 8 R B TR AR R, (R SUAR
20 KA E R ALY, 2 — TR e LR B R IR T SR . AN IR R B IS R — R R S R I ) R IR
TR B, HTESIGIT R G B e e, BRI I e HER o7 3R 97 R W & R A s
TBIT UK o % B ARG I & B TS SR S 117 3R e VR T B BN B T, R 56 BOZ BRI AL &
e R BB BER R A, I NV 7 VBT ARk, BRI A R B, JRAE SRS B A K g [F]
B, AT IT R R i e

2. RS

KA 77 % H R R, AR T 2016 4F 1 H RIERSERZK, 5 E VD, WEMERR, T iR
RSN N SN VS 2 Tl S 1 M i B e T o S S 1 i N N 187 N U 1 K
Fr 20 R LR 9 40 il (Squamous cell carcinoma), 4G ARG IAREBILER, FLH KN RE
X 3k P T P SRR L RS i, B U S AT A F IR YT (TP regimen: Taxotere + Cisplatin), $4ATH
2016 7 1 H & 2 HAE, JLihmANTRE . 09T 58 UG 18 ER I R A IR ik N MR B A 2 b, JihRg 2 A /)
RE. BERTRABAEEE, B2 abm KRB R MR ER#ITEE21E 5B . SN H
FEREZ AR, AR B Sk 30 ) 50 28, N yeTIN2eMO, stage IVA J4ERESE 1 I sk, B
T 2016 4 3 H UG TZEIT B 4k 2L 407 & S AL 59097 TP L7,  BAAHRAIVE YT (Cetuximab) \ ik . J&
SR HE SR B BUR 496897 (2016/03/29-05/19), e J5 K MRg DA Ak AR AUIAL S L8552 T 70 Gy (FH)
BITFHIESY 33 IRPAT e TSHAIT &5 DY H T 2016 4F 9 HRIUMIE AT ARG, iz B 12
PE AR T R E, VIBRI k5 el e R 152 T IR #9697 2494 UFUR  JIR % (Uracil-Tegafur)
SR, {EFIAEY 2016 42 9 H 32017 45 8 H . JE4ERFiaseibrs, SRMAE 2018 4 6 H BB R &
ORI S A M PR T B, R E R R R R, TR R T A6 e R 2 A RO ) S R T
(Pembrolizumab) J1 Ik 5 4L IR HE 1] 16 77 (Afatinib), 677 H 2018 4 8 H —EHATH] 2019 £ 2 H, #Rifi
A SR b PRAE S [R) RR S PR IG A, IR TE HAM @ ARV T IR, DRI R A A AR B b AR5k
09T BB VA VR T 1) 22 Ak

BFELET 201992 H 22 HEZ M METHE NI Z 1) %4 (Computed Tomography; CT/Angiogram),
R g Rt 2 — A SR AR R A A 7 RN, KR REE ik XA e E . X
AN v RS PR bR R IR, i U 0 Mk L e 2 DR A bR AR 0 BV T e S TG A S I A iR 2R 1)
KR BT 2019 4F 2 H 23 HES MERFZ 351, HARG BN &3 & BHZE T 8 2E5 A M A
BRI E A BN L PSR PLOR I LS 1R € 5 %2 42 1% (Stent-Graft) o

FIHN VAL B FE R S A E AT SRR TT, BT R AT AT R R I E TR R
(FBPA-PET; 4-borono-2-'*F-fluoro-phenylalanine-positron emission tomography), %3 25 /& i% b B Ui
B-18 braE TVRIT FHIIET-10 254 BPA _E(4-borono-2-"*F-fluoro-L-phenylalanine), 235} )5i%iE 1E 14
AER R RIS W25 o3 AT, an SR e P9 s PERS B SUV (Standard Uptake Value) K+ J& 1 1E % 4H

ik
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U SUV HUAE#E T 2.5 £#% BA_E(T/N ratio: Tumor uptake/Normal tissue uptake > 2.5), 4 & [E Brfiff 70 22X 1],
IR R IR A% B B IR i 22 15 2k 2 b AR SRR YT 2 HE . IR AR IR S B # T 2019 4 2 H
26 H IR IE T 1 A 25 B om SB  I IRvs MR LU 3.04 KT I RAnEZEsk 2.5 (1] 1), Rt BE RD 5 1%
4 B RITPAT IR YT I s 2241k

Figure 1. Special positron photography examination before special treatment
(FBPA-PET)
B 1. AT AR E FIE# 4 E (FBPA-PET)

(B DFRFRIG T ATRFIR IR 7 B2 E1(FBPA-PET), fe &4 R 2 SUV 5L IEFHL SUV [
FeIE Hy 3.04, KFIRITARAERT T 2 AR LU B BEoR 2.5, PPl iZ 8 & A 3@ B2 il b 7 3RIE7 1 T 1 IREER
PG b 5 HE T 7R R A% 1 B2 22 B 50 SOMIRR TR X B Va5 F & T R P S MR 34T 5
IEHH X 1 EEBIME AL 5

Wby ARe T T H AT T G TIARE TARMEER TR waR TRie T, DA i I b2 Ik 2 B
PR B N2 B3 22 DL 25 8 B 2 i IR ME SR 15 34T, FLR R 2 A o AT & 4
(Compassionate use), H FBCAHFIR IR E #3216 )7 8 10 R 2 HE BRI, [5G, B i 24w &
TR E) . AREFIRIMAEL S & X EEIZAEE, <5 T 2019 4 4 H 26 HHUTHIH
TARIRIGST o PATIRIT T, NYUERR B MRAROL AR, B B R — DT IR B L2677 (5-FU
+ Cisplatin), {Hi1 TEIMEHE R, EFLFEIIT PR ELRFER AL E.

3. iR FRIRIBTTHIRHE

BET 2019 FF 4 H 26 H EAHARBEH A, EIBE AT T 46 K5 SN HERN 17 i v
OEEZIGIT R ZHE, 097 iAW e IR T iR SOIR L . 5223 TT IR 635 BPA 254
P, I E RN 450 =50/ E A T E(R) B A TR B 232 450 258 BPA )2 3 Ak
B, BE LI/ SR Y, LA RH (Infusion pump)HEAT . J5 SR HE R IR S IR EHEIT I,
R VR RE A 2 R G (BN S SR A 180~ 18090 =25 /A A JT40), LSRG L A5 B kR AR 1M
WHHIN-10 25903 BE B R s Azoe M, 3R A B8 MR VBT R R Re 4E R g « B E AT IR TR RTY
B D9 33.1 ppm (1€ 2). % BPA $iiiig i (1) SR A% 20 32 BETF 4R 2 Hh nt #OK 27 S 1 S B HE 356 v o0 i T
KREFZ[2] (3] CRERKER T S o HE R 56 0 BT 44 2 KURRI; Kyoto University Research Reactor Institute,
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Figure 2. Values of boron concentration in blood at different blood collection points

2. A[ER M i K S #E

(131 2) B T R R AL i S0 IV P R P O M 3 B0 50 R B PR R EE A T 5

B TREM AN JE A BPA J5, BEEIEEA T IS =BT T R AR, IR RO HE D)
(.66 MW), BIMEEMNIEESZ 21.6 28Hgh TSR, RIZEaa i, Hia 8 o ke
AERVEGE, 67T RO IA 58 B 3).

64 NVR
H2G

64 NVR
H‘Za;urd'*

Figure 3. Tsinghua University boron neutron capture treatment neutron irradiation room (left),
the stability of the patient can be evaluated by a surveillance camera outside the treatment

room (right)
3. BERFMhFERGT P TFREEC), BT ENITELBRRGTEHEE
HREE ()

ARRBATIOIT T2 HE, 8 A4 (Gross Tumor Volume; GTV)Ffi#52 [¥°F 3477 &4 17.82 Gy-E (£
YIS RGRIEE)s BemsliEN 23.56 Gy-E; BeffiilE N 8.48 Gy-E. WITERG—MNA, K™ EEIVEH R
JESET 2019 45 7 A 30 H 2 H B ERE TR AL A 1 5 00RO IR 480, BAG I 25030 ik o4 ) o
(K 4). 10 H 31 H g HREZ ARGt 12435 FBPA-PET A, 45 5% I 58 4= 15 A8 40 e 3% ) 2
W, Hm A BRI RIUE 5), WITERES O FECL ERIBE, Y897 BRI, RAEXK
JERR B JE SR A iR, ARTEE R, EEERTT A, WEE—UIAW, A RRMEER. X
ANEITAMEA SR, HEER AT G AE RPN A, IRAEEE T R E IR A
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Figure 4. Computed tomography before and after treatment

E 4. JBTRIERIT R RS G

() 47 U ED IR 7 AT THSEHLETZ 56452019 4F 2 H 22 H), SR ERE R IR A i 2530 ik 6,
B, 2404 726 H— )W #5067 )5, AMUEDN 7 A 30 HEIRT R RAR,  BRa] UL R A BRI
Aapsoh, JER WA SN A AT SR AL, iR DL AR

Figure 5. FBPA-PET inspection
5. FBPA-PET #&ifll

(K 5)2019 4F 10 A 31 HZ 455k IE T H35K & (FBPA-PET), 6 2 Fh A 52 BT AaT g v 1 1) B
UESEAE A T AHI b T2 39697 O A R 12 ik T8 9 95 42 1) 7 R
4. it

R R S TG AR AN 2 LA R, BT REIRBIA S, 2Wii B C 4 AR S RN
B SE R .. RN E B TR, BEEIFHUGTT AR SERIT S . 1097 5 1T
S R R BE AT A FTAS [, R G 78 b X PR B e B e, T MR e AR PR FLAE ATV R AN 25%~30% [4].
—HRIZEMERE K, HRERITHRFAREBUSETT, B RS R IR YT, BN AT
AT (Paclitaxel) LK (&8I0 S M 25 W8 BL (AN Cisplating . 53 ¥R R PEVRIT 2590, AE KR 7 BHTPE
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FAREPLR(Antibody for Epidermal Growth Factor Receptor, EGFR) Cetuximab 7N &1 X & & N R EH R HIE
7RG —, W] LUE RBUE K B FEN H 754 [5]

AR EFRNASTIRITE, BREE0TT, BEHGIT UL 25697 e RS AN b i K 2
RETECR N 8, T ARGBT O RITR, N B AR BNEZ I b AR 3RE T 2. A
FIBAE 2010 FEFFAAPATH — R NMIRIE K, H AT CEpdTd 100 A, 117 ARG B il —
KA B BE ST A B I b7 3R T I ek, B b 2/3 AEIR KIS, 5 1/3 WS K e > 56
HArs AT, BT HRERET, bl — R e ftme, maHITHaTr i <. A4
A BVE ST AT 32 07 R R 2 S e S HE S P b~ T3 R i e D BOR TR =

R A7 IR AT & — AT L 2 B ILFE SRR AR e ey, Horh B TFH LMy,
RN, R, B TRV IR MR U R AR B R AL R A AR, RRRIR ST IAT . AR IR RS
T AT Y6 T HTOE 1A DG T AL Z B IS S A VPG, O B T AR D v XU 39 5 ik I A R 2
(Carotid Blowout) [/ AT e 58, 3K 72 PRy £ 25 56 Al 8 e sz R e ieihva Ty, A R MR e 78 % I8
MY, SeriiI SR AR, EREF R IE C A2 B AT BIR, DRt AS [ B () R 2238 5 17
B, AR EHATIN b FEEIRGIT T, JeidE i i N B SRR T, SR R ERTT E, RE
K@ 4E /N T BN B R B R 1t . PRI, SBE R M 23067 G, SR LSRR, KM
BA DAL o 52 R Sk s A, AR B s B M B R AR MESE R T, S TEIRYT RIBIAT ZHRZ SR & S ke
&, DB IT i E R fakeie] [7]. Wi TR REITERIT iR ENNE 4B 2 5, &0l LUs gL E R
PERRSRTT, XML RAGROCFIRIT, HER T ER IR T T CiER B .

TN FARSRIGST N — A oA, IRIT BRI 7B R ) SN2, AR
()2 A v o Y R . e S5 0-10 ST R A R A SRR, AR o R DA R AL
Fe AR E AR, RS HX T Mg A A s AR R RE T, il gt R 2 IR GO iR
ST 3~5 5L B [8]e XA AE BN 1) =AU DA 78 3 P th BB [9], SR 4mPif
FORBE 1 EZ0 R L — M SN 254 LA K TG VARG a5 B 1 b s, BEnaAH, X —
— % AR ) KT v i, B 17 3RVA T8 T bR R v o7 At e th— 2k BB . ARHIBN H AR
RS 25 £ 2 E o & 5 R AE A w il 25 427 1) BPA 254, BPA B 45K 5 N\ A4 b 75 I FEBR R A
JfZ % (Phenylalanine) AL, R TE IR A LA E A T-10 MBIRR Ik & BUR(E] 6),  H 1 Br 3= 22 DAk 24
YNGR G771, li-10 SR “10” 2o R I ELR, BARSH RKE Mz -1
FEEE, B-10 52 1/5 ey, DR EM R Eahae ke, Mi-10 BEoh—FAi R, (HARA U
PER. HETH A S EAFREA, 5, DUGRMEE, BRI rm-10 259 BPA #58 DR im AR
H.

HO
B COOH

ANV4

HO
NH,
Figure 6. BPA drug structure
[ 6. BPA 25491454
(& 6) BPA Z5W45#), 56 Z43E R Phenylalanine (Z< P9 HEER)ISABL, T3 ik firk /6 401 it 6 T LAT-1
P 2 AR AR K BRI
AR AN F R B B b 7 BRI, R E IS R BB T R T S R ME AR J5 S HE D I I PR i

DOI: 10.12677/acrpo.2019.84005 35 I iR R 5 5


https://doi.org/10.12677/acrpo.2019.84005

MR—3¥h %%

JEMRGHEIT, R T AT, DARISE R v 1 5 R (Epithermal neutron), [ J9#4H - (Thermal
neutron) S WA B G IE A, ToVEE O IRER IR EAT IR TT AL B, DRl Ibe 4 77 o5 J S HE DR e e 1 B2 4
A GG B R T E R TR o TEHE ORI R BB HE 1) 5 R BT B 58 4 6 [ B 51 e 2 T 2001 4R
bt % ERAT R TR IR T I SN HE R TR E[ 1], @ RS 10° mem s, A HEH R
BINRIT . SR IR RO B AR S R HE W] DUSR At i Jd & P TS R DARNR T AT, R e S M B
TEA R NG RS A Rt . AT E R SRA T BB, 22y ORI LA R s S R AR R R
HERSCN B IEIRRIGIT I & . RIS AR, #9855, waetm, HEAZEREER A, 2
— MDAV BAAERST Rt . BATEPR EFREA HA, SEE, BRI LLEKRREHLIX, 3576 B 6
ARSI A TR, MBS ARRER, B 77 3R TT 0 BeAE R VA TT AU Ak, X TR 9T
FIHET10] [11].

BXHaIT Mg R E R, DURIE R HSGHE R ER, FE R AN B AT R G TT IR R S
(Treatment planning system), Z %697 THRI R G R FIEIZH, TATT0] DURS i 48 16 7 1997 8501 Je 21k
[ B\ FHEAS WS b SOk [R5 250 1) R AR, W 0T IR AL 2 A7 B Ak AR BRI, e mT LGRS IR 2
LT THZRIT GG MERH. RTMEAEMITE, BT HRNEIHEEYIG R IT R B,
BT R KB PSR FHE T AR I SRS, DU RE BRI MR 2 A S80ay7 s . PATHIT RIS R
1k, FEERCKIRIGITAR b, MRS TT 5 A 58 421 2K Y. (Complete response), B4 7314 &
J %% (Partial response) Ik FR LI 7N B, X2 — N E R B EALMVARIT AU, a2l T H#4
[T P e S PV T R R IR

bR EAT I 7367 B X2, BAE A A — RN A5G 1 58 E (i) [12], Hofhan 5 A,
5, s, EndL, PUARAE, $EWAE, WSl AHSCH ARG IRES . AERTE) 401 BERERH AN B R
REHE, TR S2E N 2R B B K A MR AT VT e, O EE(13], BT ES DHET IRR G
TEI A AT IRIE YT B R B LR S R S B R [ 14], SRR S, INA RN, 5 2R R, (]
JZ 41 08 (Mesothelioma), fitiw, FLHESE, BA B FUHIAZ M 15] [16], XWUGST 2 B fE
IR I-10 259, ae R R SRR IR BICR[17]. Fiak, BT MR 2 BAT IR BOZ S UG R IR
HIZ5YN(BPA), SR a4 A7 i 1) X IYE L, R b o 2L A VR 2k 1 2 e P sl £, SR 4 1
BT, BOR T ER AR T L aE S N T A R AL, B R IRV T I B 205 A R X 38 AT R
FEXAMEIT OR8],

G A AR ANGST FE IR IT AT 250G ) 2SRRI IE 7RS4 FBPA-PET, X
AN BRI AR AR T I SR I [ A5 ] 4 5 O 1 F-18 1) FBPA /R (Tracer), i1 iX AN 2454)
IET R 5] DU FR T HE & BT, VAl 8 2 IR 1% BPA 29S8 AE s anfmr[19]. A+
% 2550 1) Al 2 i R B U SUV M, 5 IR 4211 SUV {E EL RS — BRAE(T/N ratio), IR AE 41
RKT 2.5 i, HERSCERPT EoR[1], ZIIEIT A Be A A A7 A, i REEBHERAC, W i 24
YIRSz AR, AR —FEd e, Bt — PR IK, XA —FEmE—FHIRRPIRES, 29Wosef S,
FETCVE A BEIT AL, 1XAS FBPA MRABEF 7T, F 2@k Mg R LAT-1 #5228 i [20],
TR KRR FEA A LAT-1 #5248, Ktk FBPA-PET £ 22 1] DUAT 25048 i) 2 I Jee 240 A 1 36 B
AR R RYEMEPIRIL . XA IE TR ERT FBPA 2 — N EW BRI EFREE, REHATSMH ARG
R AV UIE Oy IE L T IR IR 24570, A7 SR 55 )75 8] o T b a] LA F 18] —Fh 245 ) [R] I i3k 4712
Wi 5 (R BF EAT V697 O E R, FRATTIGIRFR Z A “ Theranostics” $ AR (Therapy + Diagnostics). i%&id 1%
FBPA-PET HIEVEVEAL, 8ol AERBIGIT 450G, VPR s sl i, 22— A dewEaH rmd T
H[19][20].
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5. &t

AURBO T W /G AR 2L T R T K R R AL B S AMESRAS I EERIIR T AL
HIGT IR ARG A B, RIS N W iz U AL St e T LR 26T, BB A A
ARG T RS R, ELMA G A5 B DI REAS AR B o ASVRT 6 2RV IE R & 18, HARERC, A ReAHFEI R K
Ik BRI AT B TR AN B R 3E, 72 AN A BRIt VF R UHE) ™ 8 b 74 3136 77 O
FIRYT IR —3, PhBhI PR 5 2 75 o Bh AT (0 /5

B oW

BT IR SR 0 B 7 S S HE R P Lo D B R B BT AT 2 AR AT, R R ARG, R
PEEAEA LR E PRI AT, XIS A ERAE R RENT AT 3R 4t 2 SR Wl

WTEER ARG TR R 5 ARG T R R PG (THORplan),  MREZIR I8 £ P

BB E R AR A R SR FEA RS20 5 v B, A i R R v

GALR B AR L, BRI, IR L4

B bR A e S ik AR G R T 988 5 2 s T AT = T s PR W 3 o

AR S B S SEAP AR B8 TR 5 T8O IR AF 78 o AR /NI 2 —H 2 it 2 BNCT HBA A A 7]
(NiIR

e PRSS: 37 BR AT

BVETHUN MR M MR HE Lt

SE
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