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Evaluation of Pancreatic Cancers Using
Thallium-201 Single Photon
Emission Computed Tomography

Norihiko Kume", Kazuyoshi Suga”,
Kazuya Nishigauchi”, Hiromichi Uchisako",
Ayame Sugano", Takeshi Fujita",
Takashi Nakanishi", Tatsunori Hamasaki?
and Takashi Suzuki?

Radionuclide study has not been frequently applied to pancreatic
cancers because of the absence of suitable radiopharmaceuticals for
their positive depiction. We evaluated thallium-201 chloride ('T1)
SPECT for the investigation of pancreatic cancers. The subjects
included 24 patients with pancreatic cancer, seven with benign
disorders and 10 controls. Each patient fasted prior to the
examination for more than 12 hr, and 2'T1 SPECT was obtained 10
min after the injection of 148-222 MBq of ™T1. When the
boundary of tumor uptake of ®'T1 was unclear because of the
adjacent physiological liver activity, subtracted SPECT using %=Tc-
phytate was performed to clarify it.

mT] did not accumulate in the pancreas of the controls. In
contrast, of the 24 pancreatic cancers, 21 demonstrated positive
uptake, for a sensitivity rate of 87.5%, and the mean tumor/liver
ratio was .76 + 0.16 (range, 0.58 — 1.28). Abnormal uptake was
also noted in three of the seven benign disorders, but with a
comparatively lower lesion/liver ratio (range, 0.35 — 0.51), =1T]
activity per mg tissue in the resected specimens of two patients with
pancreatic cancer revealed higher activity in the tumor than in
normal parenchyma. 2'T1 uptake in the five conservatively treated
pancreatic cancers showed alteration similar to the serum level of
tumor markers.

These results suggest that 21T1 SPECT may have clinical
potential for investigating pancreatic cancers as well as for the
monitoring of treatment effect.
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B, BROBEFREIGERHNE S 20108 L -8
W% { —HRIZIEHEAT S Twvadzve, TSe-selenomethionine 2
'I-N, N, N'-trimethyl-N'-(2-hydroxy-3-methyl-5-
iodobenzyl)-1, 3-propanediamine ('2I-HIPDM) |3 > 5
7774 LTHERASNE LS, Wihd IEE PGS~
LEEBEBEIREHF L LTHBE S LY 2, BR
Fluorodeoxyglucose (**F-FDG) % Hj\* 7-positoron emission
computed tomography (PET) ORFFE T Ik s 1 3 B 4 ] &
LVEREERL T 55%, BIE, PETEEIZ-#RICIIER
LTwiw, OTHISF CEOEROERA A - v 7R
A LORCEHSA, ZLICRBIcxts 5@
HLY 9, BEANOEEIWIRES D, 19914EIF )11 5913
BB TIZdH 5 220 T1 SPECT % BEfE 2 3R A B AR IS H
OWEEEAR Lz, 46, bhvbhd B LEREL
TV, S 5% "Te-phytatelZ X AL > F 757412853
subtraction H{{£ % Nz THEI L, BEEI 2K E0OHFH
HERE Lo THET 5.

W EFHE

ARIZ19914F 7 AH 51993411 H OB MR CTHRAE L
TR 440 & R R R 7 BB L UT T b — VB0 D
EHEMIBITH 5. W24 b] (BH1381, hE1p), FiGizd3
—87i%) @ ) H22BNXFAMTIC & 0 MBI (FLIERRRE 11
Bll, BRERES B, T 6 BUIRRHMETD 5 2SRRI S &
7z, il 2 BlIZCT, MRIB L O°ERCP% O E{EZHiH &
U NER ~ — 7 — 0 L5 L EERRAD & B & 2 &
M7z (Table 1).

EVEACRIS RERESS 3 0 CREWEME ZERORRIE 1 ), SEMETEds
FORRAE 1 B, £ > =) ) —<1) L 1@MEREZ 3 400 (1 Bl
1BER L)) B LUBMERERIBITDH % (Table 1), T 72l
FEBIT2'T1 SPECT % §EAT LEBHEH T HEF 12 5 2 7250 i
EWT-SPECTEDE G, B~ B O 48 0T
BEThol2108% > ba—NVEEL L7z, oY bo— LR
TIIERRCT & BE WA ClRIC 2t 2o T ImiE7 3 5
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—EEHEFTHo /.

EHEOKRE SIICTEAEMRITHEL, ZhbDEER
MomgtE, B3 b BRI LRI E 72
MEEFEE LTt & h, BFELEII b ewEEZLR
7z. L2 L RMER O S bR ERRE (Fig.7) & 1 > ¥
21) ) —<EFELVEEHRER TR RO,

201T] SPECTIZ B % AR 12F ML Lotk & L,
0171 % 148-222 MBq#HER, R TV A F— 2% H|EL
7otk EFER109 & ) SPECTRE 21T o 72, A
BIANVF—HEMERET) A — 5 255 LR ENOIR
HEHDOGCA 901-ATH 5. 7— ¥ 1Z80Kev + 20% 2T F
VF—FRE L, 64 x 64 matrix T 6 B Z & 30FC360F 2T
Ik L7-. Butterworth filter TRIALEE L (kB ; 8, MEWTENE
#:0.25), Ramp filter CHHEEL L TA 7 4 AJE6.4mm DA

Wi VEpk, & 61K 2Bz, WUIE 2 & TRITEL
ELFFIEILAT o Tz,

AR OEREOFRRE L, FFIR ST & BERZ D F 7 Mk
BRI RE L BRI pixel 472 ) OEH Y b B9
LB,/ WP O U R L % SR RFA L 72,

AR DM E I LAY, FEARE L 72hifE 6 Bl L fTh 2w
filifE 6 B & DR T/MEOTI-201 £MOFEEZ LEIL, BHSH
PICHEREDF Aol oOWETH L, FISYY
HEFENTHom b HELTWAE, L LSHBE L.
JEERE 6 Bl Cld 3 CTloHLiiRE 0 ) —EA T TB
D, HEHEDOLEITRD -7

0171 SPECT T2l D RH 5 & FFig o £ B 4fE & o
BERDABABE L o FEG (RS 7 B, STvEZEFOREE 1 1,
BMEPESR 1 B1) TIE, “Tc-phytate (111 MBq) 12 & % fHigo

Table 1 Summary of the results on T1-201 scintigraphy in the 24 patients with pancreatic cancers and 7patients with other benign disorders.
A value of 37 U/ml was the upper limit of normal of serum CA 19-9 level. No.2, 7, 19, 25 and 30 patients had Lewis blood type negative,

resulting in lack of elevated serum CA 19-9 level.

Patient/ Site Size Histology _ T1-201 uptake Lesion-to- CA19-9
Sex/Age (y) (mm) Planar  SPECT liver ratio (U/ml)
1/F/78 Head 30 Tubul adenoca. = -+ 0.83 870.0
2/M/54 Uncus 30 Papil adenoca. = + 0.62 *
3/M/E4 lUncus 42 Tubul adenoca. e + 0.85 347.0
4/F/52 Head 30 Papil adenoca. e + 0.65 3355.0
5/F/43 Body 72 Unknown - + 0.62 1520.0
6/M/61 Body 50 Papil adenoca. = + 0.59 214.7
7IF71 Head 95 Papil adenoca. + + 1.28 #
8/F/60 Head 30 Papil adenoca. - + 0.84 37.3
9/F/52 Head 30 Papil adenoca. - -+ 0.78 80.1
10/M/70 Head 50 Papil adenoca. + -+ 0.96 411
11/M/63 Head 55 Papil adenoca. - + 0.61 10067.0
12/F/59 Head 60 Adenoca. + + 0.81 54318.1
13/M/87 Head 28 Tubul adenoca. = + 0.59 95.0
14/F/61 Head 25 Tubul adenoca. N + 0.73 1817.2
15/M/79 Head 35 Adenoca. - + 0.81 608.3
16/M/67 Head 34 Papil adenoca. - + 0.58 37341
17/M/58 Head 40 Papil adenoca. - + 0.75 109.4
18/M/71 Head 30 Papil adenaca. + + 0.92 *
19/F/69 IUncus 32 Adenoca. = + 0.87 163.7
20/M/63 Head 60 Unknown e + 0.65 11260.2
21/M/68 Head 30 Adenoca. = -+ 0.66 20.7
22/M/43 Head 18 Adenoca. = = - 10.0
23/M/79 Head 28 Adenoca. o = = *
24/F/76 Tail 30 Tubul adenoca. N - S 1182.9
25/M/73 Tail 55 Insulinoma — + 0.35 908.6
26/F/73 Uncus 90 Serous cyst- = + 0.51 46.2
adenoma
27/M/44 Diffusely Acute = + 0.48
swollen pancreatitis
28/M/70 Tail 30 Mucinous cyst- = = *
adenoma
29/M/53 Head 25 Pseudocyst with = - - 145.2
chr. pancreatitis
30/M/48 Diffusely Chr. pancreatitis = e S 56.3
(calcified)
31/M/56 Diffusely Chr. pancreatitis = s z 42.8

SERR7HE8H25H
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684 BEEDT1-201 SPECT

SPECT{% 5| &\ TIRIE L, 2'T1 SPECT{& & D Tsub-
traction H{E 2 MER L THFFHL M L. O, B
T2'T1/*"Tc-phytate DR % K, £t L T¥ Te-
phytatef& # normalize L 72 [E{f§ % £ Lsubtraction L7z, &
9 LUREEDEREDBER # HERR L 72%%, 'T1 SPECTHL L
TIREE/ P DR % KD 7 (Fig.6-8).

RIS HREIGHR 21T > 7= a5 B Cia s e 0 72
O, IHIAIRICOTL SPECT L AT L, 5 FHBOER T
EMIEES~ —h —DOEE & B L 7. Fa#gEooT]
SPECTIZ{GHHE T #%22~45H B 1247 - 72 (Table 2).

B\ R TR 2 fEF DYIRRAEAR CIEE ST & TE ¥4
DAFREAERE Y2 ) OO TIORETRE 2 HIE L7, ks
1 FFRIATIC®IT1 % 148 MBq#%5- L, -2 HIcER%
FE Lt Tvhy s —(7aiitsl, IDC-701) Tl
Rk % 5% L 72 (Table 3).

Fig.7). SEBERD 1 BlIIBESEICD T AEDRVIERE % R
L7z (Fig.8).

Subtraction[®[{%& % 1T L 7= 9 fEBITIZ, HLEERD0TI D
R EARFPAATHEE L 2 W HH T3 - 72 (Fig.6-8).

Table 2|\ PEfE TiE#EEEL R 5 EFIOREEERT. £
BlE D IGHE THROEBRBE L, CTTREDH\VIZHAL
B Z RO . O TIOEE, T OERE I & g g~
—A—OEI LB ER L EF 2, 3 &5 TIkigH
BOBEFEDORE SIFTBEMATL FEAEBLL TV R D o7
B, ZOHH2HTIIEHOERBILIMETL, EBE~—7
—dETLTEY (Fig.9), b1 HITIIERLOBWIIZEN
fEE~—h—3b LR LT,

B4\ Table 312 BEREFATH DM EAL B 2472 1) Oficst
BERR Y. MEHALMRIEIEE MR- 3O HSTAE R L7z,

] 3

2T] SPECT{# L, 2T10 4B A4 IL
BRICRDE L, ThEDIZRRE DS
B, s L OMRICED 2, NEOER
bEIEIOREICROEREE V-7
R L Cwiz, ZHeDEFLHSELE
MR RTIRZE, FHEB L UKInE (IR
KBIAR & T AEHIR) % 8IZEI2CT & D3 %
To THIONLERFRE L, WER~DE
MOFEEZHE L.

AR F & ® % Table 11S/RT. I~ bo
— VRO 106 TIZ BRI Z RO 2 b0
7z (Fig.1). Zhzxt LR 02450 H214)
(87.5%) CHES % 2o (Fig.2-6), &
B/ B O ARG E130.58-1.28 DEF T Iy
{E120.76 £ 0.16 TH o 72. BHEDHR/AOfE
BEII25Smm T - 72 (Fig.5). EE/BrE
DERH EEFOKRE S, MRS X UM
HCA 19—9fl & DRIICIZBH S » 7248 % 52
Oihhol, —F, TL4F-—1gTI3E%E
BlD216I% 4 IO ARHHHETH - 72,

—7, BHRETIRED ) b3 wE(1
va) /=< 16, FERHERERIRIE 1 Bl L
SRR 1 P ICHSERE L/, R4k
ROAERE | JSRFEFRYE OB (e LI <, 407k
H130.35-0.51D#i[f T3 - 7z (Table 1,

Table 2 Summary of the follow-up T1-201 SPECT in the 5 treated patients with
pancreatic cancer

Patient no. Treatment Tumor size (mm) R'g:‘i';ttﬁ; CA 19-9 (U/ml)
(Table 1) Pre.  Post. Pre. Post. Pre.  Post.
3 IORT 42x40 70x40 0.85 1.04 347 1032
4 IORT, IOHT 30x30 30x30 0.65 0.39 3355 564
5 RT, HT 72x852 44x40 0.62 0.47 1520 821
11 IORT 55x580 57x54 0.61 0.88 10067 26123
23* IORT, IOHT  30x28 34x30 0.66 0.57 (390) (77)
(CA-125)

IORT : Intraoperative radiation therapy (20 Gy)  IOHT : Intraoperative hyperthermia therapy

RT : Radiation therapy (40 Gy) HT : Hyperthermia therapy (at 42-43%C for 30-40 min)

*: In Case 23, serum CA 125 level was used in monitoring the effectiveness of the treatment, because CA
19-9 level before the treatment was low (20.7 U/ml).

Table 3 T1-201 activity in the resected specimen of two patients with pancreatic cancer

Patient no. T1-201 activity (counts/mg/min) (T)/(N) ratio
inTable T | Tymor (T)  Necrotic Normal parenchyma (N) | ©f T1-201 activity
tissue in  of the pancreas

the tumor
9 498 357 189 2.63
17 191 85 59 3.23

(T) / (N) ratio : Tumor-to-normal parenchyma of the pancreas ratio of T1-201 activity

"l" X ‘lllr o

RT :
Fig.1 T1-201 SPECT images of a normal l '
case (A 57-year-old male)obtained at 15 min ‘ v
postinjection of 148 MEq of T1-201, show-

ing no T1-201 uptake in the entire pancreas.
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(A) (B)
Fig.2 A 70-year-old male with a papillary adenocarcinoma(No.10 in Table 1)
(A)Enhanced X-ray CT showed a low attenuated tumor with a size of 53 x 40mm in the pancreas head (white arrow)
(B)T1-201 SPECT showed an intense uptake corresponding to the tumor, with a tumor/liver ratio of 0.96 (black arrow)

(A) B)
Fig.3 A 78-year-old female with a tubular adenocarcinoma(No.1 in Table 1)
(A)Enhanced X-ray CT showed a low attenuated tumor with size of 30 x 30mm in the pancreas head (white arrow)
(B)T1-201 SPECT showed an intense uptake corresponding to the tumor, with a tumor/liver ratio of 0.83 (black arrow)

(A) (B)
Fig.4 A 43-year-old female with a pancreatic cancer of unknown histology (No.5 in Table 1)
(A)Enhanced X-ray CT showed a low attenuated large tumor with a size of 72 x 52mm in the pancreas body (white arrow). Serum CA 19-
9 was remarkedly high, at 1520 U. Metastatic liver tumars were seen in the liver (Sz and Ss).
(B)T1-201 SPECT showed an intense uptake corresponding to the tumor, with a tumor/liver ratio of 0.62 (black arrow). T1-201 acumulation
in the metastatic liver tumors were nuclear because of physiological liver uptake of T1-201.

ERT7HE8H25H 59



686 B T1-201 SPECT

RT

(B)

Fig.5 A 61-year-old female with a tubular adenocarcinoma(No.14 in Table 1), which was the smallest cancer depicted positively in our
seies.

(A) Dynamic contrast-enhanced, 3-dimentional fast low- -angle shot(FLASH)image at 25 sec(10/4/1 ; TR/TE/excitation, flip angle ; 16°)
showed a hypointense tumor with a size of 25 x 20mm in the pancreas head (white arrow).

(B)T1-201 SPECT showed an intense uptake corresponding to the tumor, with a tumor/liver ratio of 0.73 (black arrow).

Fig.6 A 79-year-old male with adenocarcinoma(No.15 in Table 1)
(A)Enhanced X-ray CT showed a low attenuated tumor with a size
of 35 x 30mm in the pancreas head (white arrow).

(B)On the initial T1-201 SPECT image (upper), the boundary of tu-
mor T1-201 uptake was unclear because its uptake was not sepa-
rated from the liver physiological activity (white arrow). In contrast,
the subtracted SPECT image (bottom)subtracted out the liver activ-
ity completely, and the boundary of the abnormal uptake in the tu-
mor with a turnor/liver ratio of 0.73, was confirmed (black arrow).

E 7RO 7% 7 THEFEAL M & viable 72 FEBRHLEE % ol s B, FEEBERET 201 LIBABEIE %L, &

A&, FIBETIREMIET LTV . 0“'9 IO THIE R AL Bbhb, 2'T1 SPECTIE T L
—RICHLBRICEVEERER L, BERETIR

= = SPECTI;UZ@?FFIK LEbhT.
F 72T 112%Te-phytate % [FIRHE A L TS 7zsubtraction ]
4[], 2'T1 SPECT L, BofE 3246052161 (87.5%) & & B, FHROAEBMEREEERL, HEL L I E DR
SRICHHMHE S N, FHHEAR T R/ L&y iEs AW LGEICHER Th o /. EERRELR O &R & i
R DA THERR S NOT1 DFEREA~OBAEDTR S Iz, WOEMAT —N=F v 7L, BROEEATIIRE 55
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(A)Enhanced X-ray CT showed a large, remarkedly enhanced mass
with a size of 90 x 55mm in the pancreas uncus, which was omposed

of numerous cysic areas (white arrow).

(B) The tumor uptake of T1-201 was obscure because the overlap of
liver physiological activity on the initial T1-201 SPECT (upper, arrow
heads). In contrast the subtracted SPECT image (bottom)subtracted
out the liver activity cornpletely, and the abnormal but non-itensive

Fig.7 A73-year-old female with a serous cystadenoma (No.28 in Tabel

fib 8 % 687

Subtracted |mage

(21T | — °°"Tc- Phytate)

uptake in the tumor, with a tumor/liver ratio of 0.51, was confirmed (B)

(arrow heads).

Fig.8 A 44-year-old male with acute pancreatitis (No.27 in Table 1)

(A)X-ray showed a low attenuated, diffusely swollen pancreas (white arrows).

(B)The subtracted SPECT image showed an unhomogenous, diffuse accumulation over the entire pancreas (the lesion/liver ratui ; range,
0.34-0.48) (black arrows).

QHEETHLEDLNED, ZOBICLEMLTIT) XX
HELE2 5 (Fig.6-8).

JERR IR A RE R D D b 5 { BT IREER, L
B EORGEHERIITOIRAY, Thb DEFEHE
WCERRBENLETH L. £0 128 L TMFDOES <
—H—, &0 DIFCA19-9DF B FHE S TVAEY 12,
¥ 7-WEZH L TIE—RRICUSRCT R Bic L VO K E &
DAL THISET 555, FfFT Sviable 72 fE5E & IR
MEALBE L DERNIHEE LR B E AL 116,

SERL74E & H25H

(B)

AR LT BEE AL (Nat - K*) ATPaseiG T4 %
FERE & L CESESRICER S U2 @ Dviabil-
ity TR % KB LIS & ST 59 20240 S0 2§
DYIFERDOKRFIT D, B O T1 DEFES AR Idviable
7 R e LTI o 72 (Table 3), L7z2%o
THBRNE L EHET 5 LT, TERERZ L CHFm L &
WIESRIRL D18 % 5P L1 A T REME DS 5. S HIDORSF
BOTEIR T ST 7SER OB T, WIh b EEEH%R O TI
DOIEFGHERORRE L EE~ — F — OEH) O I (ZAHBE D
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(c)

(D)

Fig.9 A 52-year-old female with a papillary adenocaricinoma (No.4 in Table 1, 2)
(A)Initial enhanced X-ray CT showing a unhomogeneously enhanced tumor with a size of 30X30mm in the pancreas head (black

arrow).

(B)The pretreatment T1-201 SPECT image reveled an accumulation in the tumor (black arrow) with a tumor/liver ratio of 0.65. At this
time, serum level of CA 19-9 elevated to 3355 U. T1-201 accumulated also in the stomach (white arrow). Laparotomy revealed an resectabl
tumor, consequently, intraoperative radio-hyperthermia with a single dose of 20Gy electron beam and concomitant hyperthermia at 43°C

for 40 min were undergone.

(C)The enhanced X-ray CT 14 days after the treatment showed no remarked change in its tumor size (white arrow).
(D)However, T1-201 SPECT showed a reduced tumor uptake (black arrow) with a tumor/liver ratio of 0.39. Serum CA 19-9 level also
decreased to 564 U. Intense T1-201 accumulation in the stomach was also seen (white arrow).

HY, CTETEEDOKE SIZEZ LWIHETHOITIO
$EMRICITZALZ 728 (Table 2), 2'T1 SPECTIZiAHA)S¥%E
CbHEHEBbLNT-.

4, BEMREORE T RMES 3 6t 2 5 & 245
KD 1PN, HEFEARBE IS EARG D B M1 12 B DR
2R L 72(Table 1, Fig.7, 8). EMEECAEWERTD
RS HZ ERRLTBY, HEOREEET o
R L.

LA L, FlHODMECI@MREL 7 Fld 2 FlosdH
T, SOICEBEERERERD 1 BlIRHETH -7 L HiE
LTwas., Ihb DR & 4RO S (Table 1), 2'T1
IEREMRBICIIRRE LEE D, B8 LT B IE
WEBDNS, Lo THEBEEOERICI ) AEHD
BT DREMAEZ bNB,. THENLODHE L7
FIEDRBMERER 2 BTV ADRNERERLTEY,
BB O X 5 e IES5 \CFRIF L 72 e Behoah SR 7K & Z MRk e
ErRioTwa LI IZBbhs,

62

INETOERER, BRIRES TOOTHISERE TIE
TERESS & 0 SEFRRREAML (20, 2920 X 5 |CEMEE T
T ORF R X 5 FR R R OSSO RE S R RN B (- Hh Bk
LTHEWZ EATRENT VBB | 7d5- TEEZTO
MT1 DFREREEOFEL REEOEN ICEH T 5 Thek
LEZOLND,

01T1 SPECT % BERZS ICIGH 5 L TRIE L 74 5 013 EE
PICHEE T /NG DERNERTH 5. PEERIZ2OT1 &
FIRROZER % 3 5K 1 4 >~ 2 REBIAY IS AATHB D),
LAEHEIUC X D BGAAKIIEINT 52 30, L LESE
&) BAAZIHE S h, S EOBETHHMEEEIZL D/
B~ DER I LBAEEREC, BRI TV ES
DERITNEOER L Y bildh o7, NEIZER/REZDO S
WETOEBMN RV - TERER L, #EEICn SRET
HbBEITL, S5HICTHREDOMIEEFHMICITS & & THR
BOOTIDOHERME OEHIITREE ER 5.

HAERERE $£55% H9 5
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