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[ Abstract | Objective: To discuss the diagnostic efficiency and imaging features of somatostatin receptor positron emission
tomography (PET)/computed tomography (CT) for bone metastasis of neuroendocrine neoplasm (NEN). Methods: Clinical
characteristics and PET/CT features of NEN patients with bone metastasis in Fudan University Shanghai Cancer Center were
retrospectively analyzed. Positive lesions on PET/CT were defined as focal significant uptake which was higher than background of
normal bone. Maximum standard uptake value (SUV,,,) of positive lesions was measured. The difference of SUV,,, was compared
by independent sample 7 test and One-Way ANOVA grouped by tracer species, primary tumor, pathological grade and bone change.
Results: 105 cases (10.1%) were finally diagnosed as bone metastasis of NEN in 1 041 patients with NEN who underwent “Ga-SSA
PET/CT. In this study, 36 cases underwent %Ga-DOTATATE PET/CT, 69 cases underwent ®*Ga-DOTANOC PET/CT. The detective
rates were 88.9% and 76.8% for ®Ga-DOTATATE and “*Ga-DOTANOC (P=0.191). The most common primary tumor of bone
metastasis is pancreatic NEN (28/105, 26.7%) and secondly rectal NEN (21/105, 20.0%). Bone metastasis mostly originated from
NET G2 and presented as osteoblastic changes. There was no significant difference of SUV,,. of bone metastasis on *Ga-DOTATATE
and ®*Ga-DOTANOC PET/CT (17.0 + 19.6 vs 24.6 + 31.4, P=0.216). SUV,,,. of bone metastasis showed significant difference among
gastroenterpancreatic NEN, thymic/pulmonary NEN and phaochromocytoma/paraganglioma 18.72 + 17.44, 15.81 +21.17 and
45.87 + 66.88 (£/'=3.867, P=0.025). Conclusion: Somatostatin receptor PET/CT shows high sensitivity of detecting bone metastasis
of NEN. ¥*Ga-DOTATATE and ®*Ga-DOTANOC PET/CT presents similar diagnostic efficiency. Bone metastasis mostly originated
from gastroenterpancreatic NEN and commonly manifested as osteoblastic changes. Highest radioactivity of “*Ga-SSA was observed
in bone metastasis from phaochromocytoma/paraganglioma.

[ Key words ] Neuroendocrine neoplasm; Bone metastasis; “Ga-DOTATATE; *Ga-DOTANOC; Positron emission tomography/

computed tomography
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43 h9E8 (neuroendocrine tumor, NET ) K/4rfb7%
AP 25 N 43 9 ( neuroendocrine carcinomas,

NEC) . #HF AL (World Health
Organization, WHO ) R¥E i1 43244 ) Ki-67
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emission tomography, PET ) /i HAZE 1%
( computed tomography, CT ) HJ7s i) 3 22
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SSA PET/CTYENENJUHIZ/MUAFFINETH, £



238

iR

E, 5 MM WINE R A KA R ZRPET/CT AR E AT

LRkt mRLREAE:, RERS ER MK T SSTR A 3R
ik, PR SR AUE KRR RO A% R ik sz 14
AT (peptide receptor radionuclide therapy,
PRRT) "' [HIt, SSTR PET/CT/E JJNENK]
FRPERAAR, B AENSMYIG RS
AW 53 HINEN “Ga-SSA PET/CTHYZS
R, RINENEHBIESRIE . 046 L SSTR
PET/CTHIZ Wi B EFIZ AR FAFIE

1 TRk

1.1 ERER

W HE20194E8 H—2021412 H 725 B K24t
J&8 B i I B 47°°Ga-SSA PET/CTH: A FNEN 8 %
1041451, FIrAT Ha 4 ik 7R e o B A A k52
INEN, H A 105HINENG 55, B Hie S
HIE IR TR X PET/CTRAS, i E 261
A VLM R X2 42 bE05 [ mFECT . 3Rk
1% (' magnetic resonance imaging, MRI) Fli%Z&
BRG], HA 84 F ARG R A RSy
NENHE#K . HHEBNE2HKEN T O f
FRATIESCINENE #H; Q gt R
RIGHRAES s B vkt g B B sy 4
24
1.2 WEHZX

REER R A RAMEEE&Z A AW

“BGe/®Ga” KAEE, FH5 mL 0.1mol/L HCIA W
FGarhi el 2 %100 uL DOTATATE/DOTANOC
(50 pug) 5900 pL 0.5 mol/LESFRHNZE Mk i1 )
M, ININE95~100 CJZ i 10 min, BHIG
1k TG TR VR PR A P i TG R PO MO . SR SR
R T O RIS v 2 € i s 0 4 B R A T PP AR O 0
WE e 28 7= i PR 0 o e 2872 i I U Ak 2 2l
H9>90%.

BAR D7 R kiES148~185 MBq “Ga-
DOTATATE/®*Ga-DOTANOC 1 hJ5 #F4FPET/CT,
KRR oK TR Y, EVLATHES e, R
% [¥] Siemens s A [ Biograph mCT Flow PET/CT
ARG, SATIRFIECTHH, EHE120 kV, H
140 mA, FH)ZEF)ZEIEE N3 mm; FEE

FfIPETHIH, RAEME N B IRAL3 min, fHH
CTEUZXPETIA M EH AT AL IE, REL
WG KA P FERKINEET (ordered subset
expectation maximization, OSEM ) #17 K%
Gigzis
1.3 BEf&ah

A MG 245 A 4 56 R % = 22 R} BR TR
HikB o PET/CTRRME Kt SChH- o A48 H
= P IE R B AR R kR, X B
T IR B v B e R e A, W ka0 2 )
JRLER X (region of interest, ROI) , FHITHEHL
A a5 e ki R R AR HERR BUE ( maximum
standard uptake value, SUV,, ) . #4, ¥Bigks
FE ARl CTHRAAR L 85 FE 0 el A8 Ry B M
WatE . BARICE M,
1.4 SEit#abiE

KHISPSS 16. 08 BEA T4 7047, Fisherk
B RE S A 3 FH T L AN [R] 7 3 50 Jeb AR ] g € 000 P
PR ARIEA RS BAR . MR R
R EFESE S, AR SRR AR e
95 N 5 22 0 it LA R L [R) (1 22 5% . P<<0.05°R
ERAGIFEE S

2z B

21 BEIGRET

1 041147 *Ga-SSA PET/CTINEN (%
H, 10561 (10.1% ) Z2Wi ANENE 7,
H B rkes ], Zot374), 4 H14~79%,
AR (54.0+12.2) %, MAERR R E
504 DL ERBRE KA TSRS 28 R AL ME
i, BRIENEN (26.7%, 28/105) %, HikN
HWNEN (20.0%, 21/105) ; M4k, FE4%40M
/R R AT 106 (9.5% ) , WIENEN 164
(15.2%) , HINEN 9 (8.6% ) , ANHJk
NEN 8] (7.6% ) , 'E¥NEN 4] (3.8%) , B
NEN 3% (2.9%) , /MNAHNEN 241 (1.9%) ,
EHINEC M HEENECK 1] (1.0%) ; 4210
I %2 % PN 53 W M 25 & 4F ( multiple
endocrine neoplasia-1, MEN-1) , [A]H}& I AR
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K RAFNEN, AR5 2 5 2 K Ga-SSAFHEHL
TEOLHIET, HA 1S R I8 TR, 57 16k
VAT . AR B2 S SRR R AN RS g )
ANET G2, AHEEY, KAEBEHBINENE
FHS57.1% (60/105) ANET G2 (£1) . 26.7%
(28/105) MIRIF AT A I RN B RS, Hax
73.3% (77/105 ) Bhity v ik # v e IR S B 1
B

®1 BERERTEFE

E| (ks “Ga-SSAFHME n (%)
el
B 68 52 (76.5)
Elg i 37 33 (89.2)
SE 5
=50 74 60 (81.1)
<50 31 25 (80.6)
JE R AL
1 g
NET G1 2 2 (100.0)
NET G2 32 29 (90.6)
NET G3 14 14 (100.0)
NEC 4 4 (100.0)
Ko 2 2 (100.0 )
a J Ll
B 21 10 (47.6)
NEC 2 2 (100.0)
E N 2 1 (50.0)
53
NET G2 2 2 (100.0)
NET G3 1 1 (100.0)
RITER 1 1 (100.0)
e
NEC 1 1 (100.0)
JIEE
NEC 1 1 (100.0)
MEN-1 2 1(50.0)

22 BERBER
AAEHT, 17°Ga-DOTATATE PET/CT
Kty FALit36f), 17°Ga-DOTANOC PET/CTH:

ArE 69, AR BH I %53 1)k 88.9% Fil
76.8%, WidlHI2ZEFTGIT2=E X (P=0.191) .
BRI I E R (876, 82.9% ) . B
(8214, 78.1% ) . AE (626, 59.0% ) . PUJK
B (291, 27.6%) . JEME (260, 24.8%) .
FiE (1961, 18.1%) . Bas (1561, 14.3%) .
Wi (76, 6.7%) . 51.4% (54/105) (5%
JEFECT LR Bt #, gk, RAH
([R5 el ) — FB 3 AT ¥ 15 e 8 AT
PEMCAR ) R A UL B T AR 1 A% 43 3l Sl 3 6 441
(34.3%) . 1061 (9.5% ) K6 (5.7%) . H
THEB TR BE B TS, A7
AR AP IEE (K1) o AR EBHNENS
MR 2 RN CE RS, MR ZNEN&
FE LAVE B P2 A, WS AN R R Rl ey
T R R D, T RBLA VA e A TR
AhAr (F2) o WIEEFHBIZER, &
R AN B SE R B 156 (14.3% ) , 34
DL B Z kR E 65 (61.9% ) , IRiBEEH
2505 (23.8% ) (KE2) . fEEsME#atrm, 2
ST B A G IFE NG, GIfk g
HmETIN, St E 6o, 4 IFMike ¥
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R Rh 2T

B HINEC 1

JHZENEC 1

' NEN 2 1 1

MEN-1 1 1

AHA i ZNEN 3 4 1




240 WRE, % N WM B A KA R ZRPET/CT AR AT

L.

".o;u‘
o
o P
&

AL

3 o
vy

e

.

¢

©
>

E1 INENETIRBMEBE B ®Ga-DOTANOC PET/CTE %

B, B, 9%, T/NBUIBRA, PR RNET G3, Ki-67
WIEFER30%, NI 4T%Ga-DOTANOC PET/CT, f#/54:
SRR RS, IIEZ R, SSTRE A mFEIL. RED
TR BRI )7 /AT 3 H G HAACT, W B B i 46 /N
Wkl g BB R, RN A AT AL JERR A (358 ) MRI,
FFHE RS A Fe a0 AR 4, RSP ROTAL iy Z . A “Ga-
DOTANOC PET/CTHz K% E %52 ( maximum intensity projection,
MIP) Ff4%; B: ‘HHBICTWIZ B, K8k B MM /& 5L
WETESRA; C: BB "Ga-DOTANOC PET/CTHZ R4 K
1%, WOMESE R kLR R U R s, SUV,,.,.=49.7, D: 1bJ73
NRIEEE SRR CTHIZERG, WMERE R k3 ai i iR 4 ;
E: WEBIHCTHIZEG, MErskIonFAN 55, F: gL
*Ga-DOTANOC PET/CTHIJZ Rl & EIUS , T 22 Mk il S5
WHE, G AP AR EE S 26 B MRUFRRI,
KT I AR

E2 BEEENETE#%%Ga-DOTATATE PET/CTE %

B, B, 358, BIKBYIBRARJGIE, RHEEAAR (B
&) NET G3, SSTR2 (+) , Ki-67H45i45%5035% 14F R BAT
R, ERMETEEEIARIT 101 H 5 Z 4 Ga-DOTATATE PET/
CTHRHFEVRIB PSR, W/ SSTREF L B L RMkILLS K
HEREERL, YIONSSTRE 1K, KR ImE+- smi fie Jy R ALI ¥ 34
SPRRIE U, 0 FH AP 7 35 B+ 5 RUDR M I+ R 5 R Ak 3
TR R, SRR, R AL B M R
A: ®Ga-DOTATATE PET/CT MIPEI%, B: ‘Hi:#4CTHZK
8, 553k BT B B kR DL IH B R, C: B ALY Ga-
DOTATATE PET/CTWIZ il & MG, 16 kb i S 1 4 U 0 3
i, SUV,.=11.2, D: 73 HIFEECTHIZEUE, ME s
hh S R

[ #:*Ga-DOTATATE 5 Ga-DOTANOC Jif
BB g R AL, ESUV,ZER TSI
Y (17.0+£19.6 vs 24.6 £31.4, P=0.216) .
R i Jirb 988 D & S ANE 4 2H, DR e % I
NENH RFFEUW, KRN B HFENEN
YN B/ fili NE N I 55 20 B 9 / 1) A 8 755 980 kA7
ST, SHBHBISUV, EFA ST+
=Y (F=3.867, P=0.025) , Bl MmMNFE/
JHNENB B # B 4SUV, , ZR Lg% E X
(18.72+17.44 vs 15.81 £21.17, P=0.734) ,
{00 5% 20 JH 988 / R A 22T IR B R R AES UV
(45.87+66.88) Ml @& THIM & (PoJlh
0.010F10.015) . 7EEFHHZ W E A BENET
i, Gl. G2RIG3 M BB RISUV, 25T
GiiteFE X (21.18+20.36 vs 17.91 £10.93,
P=0.549) . WIEEHBIIEE, o RhE#E<
34 BB >3 KRB R34, KUl
SUV, . ZRILgit#E X (15.6£13.7,
18.3+23.5, 32.8+39.5; F=2.382, P=0.099) ,
H k@S A RESUV, JxE (P=0.043)
AN RO AR BB e A AR, SUV, JIRZE R T4
e Y (F=1.054, P=0.373) .

BB ST LR IR N B UL SR RS . NEN
pILE Y R R L (2R s w0 1 O S RN 2
b RAFINET BEARAE K BN ZRE , (B8 TERI 12
A AR, A RS Sk WL, FEAR AL
B PG IR 1562.99% (66/105) o BE
FESCHR VT IR IENEN B R R AR N 4%~12%,
TEA 037 %Ga-SSA PET/CTH A (1 s,
B R AR R10.1%, 54t E
B U HRE BB R R AR R (10.35% ) —3K.
1M H A FE H A 26.7% 10 835 A2 ARG T i R
KIE RS, Scharfs 1 MAKF35. 3% H N
[R5, iz B s FARESY, X0 fg
JSERCAARABEY WEZ RGN ERE, FFE—
SEBIERER AT . Lim% 7 [P AR SE BR
1 2126NENEE H, T%AEE R, Hd49%
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J BRI, 25% MRk, 20% NI JRA ;
2/38G1. G2, X—Z5 RIS AT, B
B IR T EH W ENEN (51.4% ) , H hig
JRIHNEN (23.8% ) , £957.1%H) % INET
G2. ZEMLBO4s s UL T4 e i — TS 0,
e UL Bebg S S /N (37.6% ), X AT
B RKSENEN Y R A i b 2 S AR R A e B
FERSHOREIRE RS , ARS8, 1028.2%
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P2 ( European Neuroendocrine Tumor Society,
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SR WIRE L 22 5, HW AR SR EH A
1o WEHE 20 IR /) P 28755 988 B k8 PR e B 3
i ELA O R kR

(& £ X W]

[1] FRAENKEL M, KIM M, FAGGIANO A, et al. Incidence of
gastroenteropancreatic neuroendocrine tumours: a systematic
review of the literature [ J ] . Endocr Relat Cancer, 2014, 21(3):
R153-R163.

[2] DASARI A, SHEN C, HALPERIN D, et al. Trends in the
incidence, prevalence, and survival outcomes in patients with
neuroendocrine tumors in the United States [ J ] . JAMA Oncol,
2017, 3(10): 1335-1342.

[3] NAGTEGAALI D, ODZE R D, KLIMSTRA D, et al. The 2019
WHO classification of tumours of the digestive system [(Jl.
Histopathology, 2020, 76(2): 182-188.

[4] ALTIERI B, DI DATO C, MARTINI C, et al. Bone metastases
in neuroendocrine neoplasms: from pathogenesis to clinical
management [ ] | . Cancers (Basel), 2019, 11(9): E1332.

[5] RIIHIMAKI M, HEMMINKI A, SUNDQUIST K, et al. The



242

WRE, % MRNTWIMNEE

TR E RN ZE ZARPET/CT WARFHE BT

[10]

[11]

[12]

[13]

epidemiology of metastases in neuroendocrine tumors [J].Imt
J Cancer, 2016, 139(12): 2679-2686.

SCHARF M, PETRY V, DANIEL H, et al. Bone metastases
in patients with neuroendocrine neoplasm: frequency and
clinical, therapeutic, and prognostic relevance [ J ] .
Neuroendocrinology, 2018, 106(1): 30-37.

LIM K H J, RAJA H, D’ARIENZO P, et al. Identification
of areas for improvement in the management of bone
metastases in patients with neuroendocrine neoplasms [J].
Neuroendocrinology, 2020, 110(7/8): 688—696.

STROSBERG J, GARDNER N, KVOLS L. Survival and
prognostic factor analysis of 146 metastatic neuroendocrine
tumors of the mid—gut [ J ] . Neuroendocrinology, 2009, 89(4):
471-476.

£ OROWIEEE T EL S WAL IME R EPET/CT
A RKINRZ R BARRE T [J ] . PHRRE S T8
e, 2017(3): 132-136.

EVANGELISTA L, RAVELLI I, BIGNOTTO A, et al. ®*Ga
DOTA-peptides and '*F FDG PET/CT in patients with
neuroendocrine tumor: a review [ J | . Clin Imaging, 2020, 67:
113-116.

XIE Q, LU M, ZHAI S Z, et al. Correlation between NEN bone
metastasis performance and tumor proliferation: 112 cases of
®Ga=DOTA-TATE result analysis [17. Neuroendocrinology,
2021. [ Online ahead of print ]

KOS-KUDLA B, O’TOOLE D, FALCONI M, et al.
ENETS consensus guidelines for the management of bone
and lung metastases from neuroendocrine tumors [1].
Neuroendocrinology, 2010, 91(4): 341-350.

CIVES M, RIZZO F, SIMONE V, et al. Reviewing the

[14]

[15]

[12]

[17]

[18]

[19]

osteotropism in neuroendocrine tumors: the role of epithelial—
mesenchymal transition [ J ] . Neuroendocrinology, 2016,
103(3/4): 321-334.
ZUETENHORST J M, HOEFNAGELI C A, BOOT H, et
al. Evaluation of ''In-pentetreotide, 'I-MIBG and bone
scintigraphy in the detection and clinical management of bone
metastases in carcinoid disease [ J ] . Nucl Med Commun,
2002, 23(8): 735-741.
M, B, BB % “Ca-DOTATATEY “F-FDG
PET/CT S ARSI 25 P9 53 WA e B e B (% LUAIE S (] .
TR 2 50 T2 82808, 2021, 41(9): 520-524.
ALBANUS D R, APITZSCH J, ERDEM Z, et al. Clinical value
of ®Ga—DOTATATE-PET/CT compared to stand—alone contrast
enhanced CT for the detection of extra—hepatic metastases
in patients with neuroendocrine tumours (NET) [ J ] . Eur J
Radiol, 2015, 84(10): 1866—-1872.
PUTZER D, GABRIEL M, HENNINGER B, et al. Bone
metastases in patients with neuroendocrine tumor: ®Ga—DOTA-
Tyr3-octreotide PET in comparison to CT and bone scintigraphy

[ J].J Nucl Med, 2009, 50(8): 1214-1221.
ANTUNES P, GINJ M, ZHANG H, et al. Are radiogallium—
labelled DOTA-conjugated somatostatin analogues superior to
those labelled with other radiometals? [ ] ] . Eur J Nucl Med
Mol Imaging, 2007, 34(7): 982-993.
WILD D, BOMANJI J B, BENKERT P, et al. Comparison of
%Ga-DOTANOC and ®*Ga-DOTATATE PET/CT within patients
with gastroenteropancreatic neuroendocrine tumors [J1.1
Nucl Med, 2013, 54(3): 364-372.

(ks HABI: 2022-05-28  f&[R1 H D). 2022-06-02)



