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The Role of Camera-Based Coincidence Positron Emission Tomography
in Nodal Staging of Non-Small Cell Lung Cancer
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Background : It is very important to determine an accurate staging of the non-small cell lung cancer
(NSCLC) for an assessment of operability and it’s prognosis. However, it is difficult to evaluate tumor involve-
ment of mediastinal lymph nodes accurately utilizing noninvasive imaging modalities. PET is one of the sensi-
tive and specific imaging modality. Unfortunately PET is limited use because of prohibitive cost involved with
it’s operation. Recently hybrid SPECT/PET (single photon emission computed tomography/positron emission
tomography) camera based PET imaging was introduced with relatively low cost. We evaluated the usefulness
of coincidence detection {CoDe) PET in the detection of metastasis to the mediastinal lymph nodes in patients
with NSCLC.

Methods : Twenty one patients with NSCLC were evaluated by CT or MRI and they were considered opera-
ble. CoDe PET was performed in all 21 patients prior to surgery. Tomographic slices of axial, coronal and
sagittal planes were visually analysed. At surgery, mediastinal lymph nodes were removed and histological di-
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agnosis was performed. CoDe PET findings were correlated with histological findings.

Results : Twenty of 21 primary tumor masses were detected by the CoDe PET. Thirteen of 21 patients was
correctly diagnosed mediastinal lymph node metastasis by the CoDe PET. Pathological NO was 14 cases and
the specificity of NO of CoDe PET was 64.3%. Sensitivity, specificity, positive predictive value, negative predic-
tive value and accuracy of N1 node was 83.3%, 73.3%, 55.6%, 91.7%, and 76.2% respectively. Sensitivity,
specificity, positive predictive value, negative predictive value and accuracy of N2 node was 60.0%, 87.5%, 60.
0%, 87.5%, and 90.0% respectively. There were 3 false negative cases but the size of the 3 nodes were less
than 1cm. The size of true positive nodes were 1.1em, 1.0cm, 0.5cm respectively. There were 1 false pbsitjve
among the 12 lymph nodes which were larger than 1cm. False positive cases consisted of 1 tuberculosis case, 1
pneumoconiosis case and 1 anthracosis case.

Conclusion : CoDe PET has relatively high negative predictive value in the enlarged lymph node in staging of
mediastinal nodes in patients with NSCLC. Therefore CoDe PET is useful in ruling out metastasis of enlarged
N3 nodes. However, further study is needed including more number of patients in the future. (Tubercuosis and

Respiratory Diseases 1999, 47 . 642-649)
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Table 2. Sensitivity, specificity, PPV, NPV and accuracy of the CoDe PET according to the
lymph node stage.

sensitivity( %)  specificity(% ) PPV(%) NPV(%) accuracy( %)
N1 5/6(83.3) 11/15(73.3) 5/9(55.6) 11/12(91.7) 16/21(76.2)
N2 3/5(60.0) 14/16(87.5) 3/5(60.0) 14/16(87.5) 17/21(90.0)

PPV, positive predictive value, NPV :negative predictive value.
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Fig. 1. Chest CT and CoDe PET images in the
patient with NSCLC(pT2NOMO). A;
Chest CT showed enlarged right par-
atracheal lymph node(arrow head). B;
CoDe PET showed hot uptake on the pri-
mary mass on left lower lobe but not on
the right paratracheal area.

Ao Helgty 2744 folEe I £ Uen,
199 A+= pneumoconiosis, 19jjo)4]= anthracosis
A7 Bk

2¢)ollA gt EFA Fd¥o] =] e
olF lddlMe g=Adt “FDG A&7t L o
£ 199Me 48 2em =7]9] =Y 2R A
"FDG 43 E HolA] et

oo

2] ME 9 o F AR o] £ 75
58 AYsle Aol MY TR dvrdow o
& FHEq, AAsdEEd, AP Fol H
ote] F=A ] AR ol&HAY o5 EF ¥
ZAHe] A7]18 7|Fo.R 1A o 5§ B
gizol] 2 A&EE A7} Sl

ol & P& Bedlazl o MEJt F2 v
B¢ 2 quxder Agse FE olfdteda ¥
FDG PET7} Z=gich. FDG PET= gz A9
o} ME Ho| JEE Hash= VE02A A7|HY
= A A%E 73 2As] qEd] vaAl et
o] Y= 9r] A o] 7I&e AMEEHE HHE
ok o $58 ZAo=z RuFHm I Van
steenkiste5-& 68739] HlAMEAY Fxte] 690
Aol gxde Wejddon BAse AR
43} “FDG PET& FAld] Al&g A9 N2/N3 §
=A-d) g WHREE 93%, Sl 95%, AY=
 94%eka Basleick. Bury®$e dsige#
Bt e kA<l WALAA W] “FDG PETE
F712 A3ste 33% (66F 22) 9] $xje] Ex
A ¥71E &vtEA A3E 4 Ik Sk

o] A7 B, u%= HZ4de] Add A
PETE 94 £%2 100% <JstA Fopds 9o
U 854 AdddE 33 27€ IS5 Yol %
Aol 27#%F 5A Qlgicka st AL 37
ge] v2M QT XA & PETE 2383}
o 3% d=4 o] A WiE, Solx, 3
%, ¥4 5%, 84 AE5=E 44 42.9%, 100%,
89.2%, 100%, 88.2% etz Rustgich. et A4
2 PETE ¥4l FH&3lrldle & Aol o] =



- The role of camera-based coincidence positron emission tomography ~

WollAe a5e] SR AT L F o] 7hsstn &3
AR BAA B FHo] H1 e AAo
o}
HIZole PETY ol2igt @& Bgstaux} 7|&e]
SPECT 7]71e] VA& H2¥ 5 d&e ¥ A9
et FHEtd &8 FEsto 71&9 PET 948
98¢ 4= 3= CoDe PETe] A it=igich. sj4tg o) )
&9} PETRU:= & FolaX)gh e o4 o3 s
sk {838 A2 § glod 53] wue
7 Al Aed & e 7HsAol BaE gt

ol ARE-& 71E9] A AR F&o] Fhed
219]9] vl2AZHY FAA =49 CoDe PET
€ At 1 2348 Wity d=d wrie) um
Cipii= N

28 B e 219F 204004 Fh AH A7
< 590 9184 248 B 1¢9E Lsem =27]9)
3y & dgduAEgdo s W Red Axe
"FDG AF7t oM £4o2 B=EHAAt o) 4
He FH AdsdF YoM F3ld 98 oA
T AeH ZFANAIE ZHARIA FEE 18R
Ao 733 9 @87} gloj ¢ (carcinoma in
situ) 0.2 A=W Z-g-olct.

CoDe PETe ol¢t 9=d Wy AR 219%
134l A Welghd wWriet AXsHnt. & &9 =t
A3 AHEE NO FZHe 149F 9ojolA X3}
Fom N1/N2 YZ4L 794 F 4o dAslsict.
Aoz ny Y=d ¥y] 29 Y=t ¥4
x5 ol= PET3} vjms] £ o CoDe PETY &
d¥o| o3 oA A7} AL obgd WH i3t A
280 W) gFog A

A0l 38 el olge Hxde] A »
F lem olgt2 AUPE wi9 AYY Hgoloh
Shreve'*S-¢& PET$} CoDe PETS] o}4 W zich
&% 31799 BxlA vmstged 31709 g=4d
o] PETd| #&=gou CoDe PETOME 20705
ol AZHATL At T} o5& YZEY =
719 wEbA AlEsted HlmE] 2 9ol 0.6-1.

3em Abole) YzmAe 1570% 57hute] & W v
©7o] 1.5-3.5cm Apole] Y=AL 1674% 15747}
AzFolN Ugzr}t YAl T3] uebA JFE
et st & 2717t Blag & gEAd i
A745E PETH A wissictn & 4 A& 3o
=3

B A7dA YUAe 59 den o)EF 399
A 2}z 43, pneumoconiosis, anthracosis . 2
GEgit. ol “FDG7L 9% Whg-o| &3l Wy
T AH F F 2ol o133 Al Ugte el Az
Hr}.

28 UgdA ulaAxdge] dxdel Wy 23
A B3] ol He| shie Add o8 AvI7t A
Z gz o AT Ho| 5§ wdshs Aol
£ AFME 2145 280A BFA4 Ao] Tty
o} Qigict. olAH A AeE gtd 719l ¢l
B ASdx 28 o g FAEE Hynio] Iy
' A%7t &8, Hge] AdAld 884 Aol
uhglo] QA £ Aol ¢ B¥los oG}
¢ 3 Hashy Az Zdo] Jdde At =
Ex] g}, N3 $x]9] gudo] AR 7$ol 2 <
o] Agoz Qg AR oA Axe] Hojof 2Jg A
QA R wekshs e 23 HARE Aldsk
Welshro g wushs ublle ficth skt A
QAo A Hol7t jAlEE Hxdel =2 AALE Ag
he Zlo] ¢ d& otk HRE FHFA F
ASANEE HZE] olHE $Xo F=AHe] gle
A%, 2zl 43 $£e(FFFHoE wA Y A
o] §FE BRI T B &8 A ga2e v}
F Aztel A7E, A8 FFo] ohd Hd(Wr] A
R) A9 520 e Bake o $5 o ol
#o] itk oA ol FER F&0] 7Fed Afel=
FEe AEER] 2ela oA NEu PAM X g
& gozm g9 7ige 9A He A9t
9& % glt}. CoDe PETE o]&]3 H$o] 48314
AeE F e Aoz A4En. B A7 g2 E
o] lem o}dQ) Aol $l&4L flglen, & ¥=d

- 647 —



— S. M. Lee, et al —

o] Beodle 24 dE=o) B B8 A0 B
=3 glol N3 fze] szl gle wlas Lol
4] CoDe PETE A3jsla} 34 437} sle A$ol
© 73 A5E s B4 Jeslet A9

%3 CoDe PETE o} /ME dA) ¢, & @
FolME A=A ko) gFole ZAnAe] 7t
T HIZA M8 G ATFAEE ARSsE o
F& AAE 7|98 F & Ao Almd,

2 o

Al

vlaAZHgle) dxde] Wy A% A5 € A%
2ol Wi Fasht At o) AAde B o
ggo] Uk olol Azl FHZo] E® CoDe
PET9] §=4d Wr] AR uid 848 doprn
z} 3kt

gk &

199814 2€5HE 19999 647px] olthetn Yol
st Qi viaaEddos AdE F&F
ARE Al Ed 87 2148 oz et
=4 deke] W] A& 93t F5 dusieEE
4, B 2&584}, A4l FFA1 &4, CoDe PET
& Agsidet. ti SixEe) 4a% waEd Wy
& 7130 3lojr] CoDe PETZ Z2AHE ¥=4 H

7F AFER2H Aol 1e7F At

2z Hr)d lo] AA 21¢)F 13c= e
3 Wrleh dxEtch. Heldd NoE 14¢e|gle
1 CoDe PETS] NOoj tjgt Eolxt: 64.3% 0|3
th. N1 =" i3t U=E 83.3%, Eol=e
73.3%, ¥ dE%E 55.6%, 24 dZEE 91.7
%, BEZE 76.2% o[t} N2 f=Ho] g vzt
EE 60.0%, 5ok 87.5%, 3 dEEE 60.0

%, 54 d&5s 87.5%, = 90.0% o[tk

welgtzog 1 =377t A4 dad 2970F &
AEe] Fgo] YAH HA=ZAHL 67l0]9len oF 3
e gxde CoDe PETH =24 A3z gt}
Ao vrd 3749 d=zHe 1O A} BF
lemojdton, o g vietd dxAe] arie &4
Z} 1.1em, 1.0cm, 0.5cmojgith. =717} lemojitol
Azl Agol gild 12709) HEHEE 199A
o $id o= UEwth

SqoirE YU 218 Hed ol lds o
o] o8 JolFE AFY  Jdden, ld+
pneumoconiosis, 14+ anthracosiso]$lc}.
z &
CoDe PET¥ z7]7F Lb5em olge] @xAdd ot
4 d&=rh vn3 %7] dFo] N3 gz g
7} Q= viaA 2 YA CoDe PETE Alfslo 5
& AF7) dle Afdle €3 AsE 1 B
ozl gk =3 CoDe PET o3 /g ©
Aol glolM FF B} o wAd 4 4T US
2oz 7drt.

&1 2 o

1. Shaffer K. Imaging and medical staging of lung
cancer. Hema/Onco clin nor Am 1997;11:197-
209

2.Conti PS, Lilien DL, Hawley K, Keppler J,
Grafton ST, Bading JR. PET and (18F)-FDG in
oncology: A clinical update. Nucl Med Biol 1996,
23:717-735

3. Hoh CK, Schiepers C, Seltzer MA, Gambhir SS,
Silverman DHS, Czernin J, et al. PET in oncolo-
gy . Wil it replace the other modalities? Seminars
in Nucl Med 1997;27:94-106

4.uj8-4, dhxhe], A8, A, YU, AT
% BANA zaqA(511KeV) ZF71E
o]23 da F-18-FDG %% 94 : Coinci-

— 648 —



~ The role of camera-based coincidence positron emission tomography —

dence ZuiFtel O3 29 4] v, g
&} o] 8}eta] 2] 1999;33:65-75

5. Jarritt PH, Acton PD. PET imaging using
gamma camera systems: A review. Nucl Med
Communi 1996;17:758-766

6. Henkin RE. Gamma camera coincidence im-
aging.an update. Applied Radiology 1998;9-
13

7. Abdel-Dayem HM, Bonfils E, Teitgin P, El-
Zeftawy HA, Luo S, Naddaf M et al:Dual-
head coincidence imaging(DHIC) of F-18
FDG in primary lung nodules(PLN). J Nucl
Med 1998:39(suppl) :109P

8. Abdel-Dayem HM, Radin Al luo JQ,
Marans HY, Wong S, Naddaf SY, et al. Fluo-
rine-18-Fluorodeoxyglucose dual-head gam-
ma camera coincidence imaging of recurrent
colorectal carcinoma. J Nucl Med 1998;39:
654-656

9. Shreve P, Steventon RS, Deters E, Gross
MD, Wahl RL:Lesion detection in oncologic
diagnosis: comparision of dual-head coinci-
dence with dedicated PET FDG imaging. J
Nucl Med 1998:39(suppl):109P

10. Guhlmann A, Storck M, Kotizerke J, Moog F, ‘

Sunder-Plassmann L, Reske SN. Lymph
node staging in non-small cell lunh cancer:
evaluation by (**F)FDG positron emission to-
mography(PET) Thorax 1997;52:438-441

11. Sazon DAD, Santiago SM, SooHoo GW,
Khonsary A, Brown C, Mandelkern M, et al.
Fluorodeoxyglucose-positron emission tomog-
raphy in the detection and staging of lung
cancer Am J Respir Crit Care Med 1996;
153:417-421

12. Steinert HC, Hauser M, Allemann F, Engel
H, Berthold T, von Schulthess GK, Weder W.
Non-small cell lung cancer:Nodal staging
with FDG PET versus CT with correlative
lymph node mapping and sampling. Radiolo-
gy 1997;202:441-446

13. Hughes JMB. "“F-Fluorodeoxyglucose PET
scans in lung cancer. Thorax;51(suppl 2):
S16-S22

14. Vansteenkiste JF, Strocbants SG, De Leyn
PR, Dupont PJ, Bogaert J, Maes A, et al
Lymph node staging in non-smali-cell lung
cancer with FDG-PET scan.a prospective
study on 690 lymph node stations from 68 pa-
tients. J Clin Oncol 1998;16:2142-2149

15, Bury Th, Dowlati A, Paulus P, Corhay JL,
Hustinx R, Ghaye B, et al. Whole-body '*
FDG positron emission tomography in the
staging of non-small cell lung cancer. Eur
Respir J 1997;10:2529-2534

16. 2%, PETY dolg. i oldt3)Al.
1997;31:291-298

17. den], 3d, AN, A5F, T, d3
5. uladxsge] 325 dubd ¥r] 244 A
o]x] CT¢} FDG-PETS Add {840 #%
A7, Z8 2 537148 1996;43(suppl 2):97

18. Alazraki N, Galt J. FDG imaging without PET.
Diagnostic imaging 1998;74-77

19. Shreve PD, Steventon RS, Deters EC, Kison PV,
Gross MDD, Wahl RL. Oncologic diagnosis with 2~
(fluorine~18 Yfluoro-2-deoxy-D-glucose imaging .
dual-head coincidence gamma camera versus
positron emission tomographic scanner. Radiolo-
gy 1998,207:431-437

— 649 —



