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Improving Diagnostic Accuracy for Malignant Nodes and N Staging in
Non-Small Cell Lung Cancer Using CT-Corrected FDG-PET

Eun Jeong Lee, MD, Joon Young Choi, MD., Kyung Soo lee, MD., Hyun Woo Chung, MD.,,
Su Jin Lee, MD,, Young-Seok Cho, MD., Yong Choi, Ph. D, Yearn Seong Choe, Ph. D,
Kyung-Han Lee, MD,, O Jung Kwon, MD?, Young Mog Shim, MD., Byung-Tae Kim, MD.,

Department of Nuclear Medicine, Radiologyw,
Sungkyunkwan University School of Medicine, Seoul, Korea

Internal MedicineZ, and Thoracic Surgery3, Samsung Medical Center,

Purpose: We investigated prospectively whether the interpretation considering the patterns of FDC uptake and
the findings of unenhanced CT for attenuation correction can improve the diagnostic accuracy for assessing
malignant lymph node (IN) and N stage in non-small cell lung cancer (NSCLC) using CT-corrected FDG-PET
(PET/CT). Materials & Methods: Subjects were 91 NSCLC patients (M/F: 62/29, age: 60+9 yr) who underwent
PET/CT before IN dissection. We evaluated the maximum SUV (maxSUV), patterns of FDG uptake, short axis
diameter, and calcification of LN showing abnormally increased FDC uptake. Then we investigated critetia
improving the diagnostic accuracy and correlated results with postoperative pathology. In step 1, IN was classified
as benign or malignant based on maxSUV only. In step 2, IN was regarded as benign if it had lower maxSUV
than the cut-off value of step 1 or it had calcification irrespective of its maxSUV. In step 3, LN regarded as
malignant in step 2 was classified as benign if they had indiscrete margin of FDG uptake. Results: Among 432 [N
groups surgically resected (28 malignant, 404 benign), 71 showed abnormally increased FDG uptake. We determined
35 using ROC curve analysis. The sensitivity, specificity, and accuracy for assessing
malignant LN were 64.3%, 86.9%, 854% in step 1, 64.3%, 95.0%, 93.1% in step 2, and 57.1%, 98.0%, 95.4% in
step3, respectively. The accuracy for assessing N stage was 64.8% in step 1, 80.2% in step 2, and 85.7% in step 3.
Conclusion: Interpreting PET/CT, consideration of calcification and shape of the FDG uptake margin along with
maxSUV can improve the diagnostic accuracy for assessing malignant involvement and N stage of hilar and
Nucl Med 39(4):231-238, 2005)
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7} A&=" GE Discovery LS (GE Medical System,
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o) BR-FDGE AWFAIS L 458 AT T &R WA
] 277H4 ZHRAE CT F4¢ Aok o] & HAh
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(emission scan)2 AUtk CT datas 512 X512 matrixoAl
128 X128 matrix® 2718 S48 PET 943 §3417
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334tk
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Fig. 1. Pathologically proven, benign (left
column) and malignant (right column)
lymph nodes in unenhanced CT scan for
attenuation correction, attenuation-corrected
PET scan, and coregistered PET/CT scan of
patients with non-small cell lung cancer.
Left: An abnormally increased FDG uptake
(maxSUV  4.9) with indiscrete margin in
subcarinal lymph node is shown on PET
image (B, amow). This lesion includes
calcification on CT image (A) and ifs short
axis diameter is 10 mm. It was confirm fo a
benign lesion by pathologic analysis. Right:
A focally increased FDG uptake (maxSUV
6.3) with discrete margin in subcarinal
lymph node is seen on PET image (E.
arrow). There is no calcification and.its short
axis diameter is 15 mm (D). It was malignant.
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Table 1. Cell Type and Group of Malignant Lymph Nodes without FDG Uptake

Patient Cell type Group
1 AD 10L
2 S 2R, 4R
3 Q 2L
4 AD IR, 7
5 SQ 7

6 AD a, 7
7 AD 10R

Abbreviations:  AD, adenocarcinoma; SQ, squamous cell
carcinoma: group 2 = upper paratracheal, group 4 = lower
paratracheal, group 7 = subcarinal, group 10 = hilar; R, right; L,
left

HzE Zh {od olE HolEA ®msls] s
Fisher's exact test& AH§-3t9th ot 2 %A = A 719
maxSUV7L 88t 2pel& Role=x] Hrhslr] fare=
student t-testE A&tk /28 d2d 2 ¢ F Fol
d N Bl s 72k gAY A AFL 823y 96
McNemar chi-square test& A& 33t Pkl 0.05 m)9
Ae BAHSE Fo8 A7 3o

2

F& T WA A BEAM EUE(squamous cell car-
cinoma) ©] 35%, A%< (adenocarcinoma) 419, ZA X ¢E
(large cell carcinoma) 5%, Al7)#A15 %% (bronchioloa-
Iveolar cell carcinoma, BAC) 3%, AR A E L= (aden-
osquamous cell carcinoma) 3%, H]AA|E Y (non-small
cell carcinoma) 39, 1830 ©F8 9= (pleomorphic carcinoma)
o] 1ot

F 43219 g=Ho| AAHNEY, 1 F 40471 = FA
AL 2877t oIt FEZ FAD AA F=E FoA
TIN7} B3] FDG AAE7He BT, 1 £ 537 &

Table 2. Characteristics of Lymph Nodes Showing Increased FDG Uptake

A B
1 maxSUV | I~Specificity | Sensitivity
08 16.15 0,007 0.185
0% 7.45 0.0% 9,928
07 750 0.0%7 2.384
T 08 705 0.042 858
’ §‘i .90 0.048 0412
a: 3 .60 0.055 o441
oz 595 0.078 0512
o1 445 0321 0.800
0 356 6,383 0,845
¢ 02 64 08 05 1 175 5.182 0.8
1-Specificty

Fig. 2. (A) ROC curve analysis for maximum SUV (maxSUV). Area
under curve is 0.85. (B) Estimated relationship between the
maxSUV and the corresponding operating point on the fitted
binormal ROC curve. We decided the cut-off as SUVmax = 3.5.

A, v 187) f =] pA ol Tk FDG 4 AS7HE Eo
A @2 3610 B=E FolM 10717F A oI TH(Table 1).

FDG HAS7HE Bl JZAE 5 o4 =AY Hy
maxSUVE 8243547, %4 @=49 HF maxSUVE
661198 F Z7td EAHSZ #9993 ol AHp)
0.05). oH4 24 1871 F 1671(88.9%)+ FDG H3=714]
Z3A7F gAY, A F=A 530 T 2970(54.7%) oA
FDG A#57tel ZA7F &3t (p=0011). 24 B4 &
CT %G73ellA &% Wwe] @7o] 10 mm °]/del 2 <
A3 kAo Z+zh 1570(83.3%) 9% 3570 (66.0%) REdl £
AR F2g Zole fAUTHP0.05). 443 =4 187
EF CTYA A 433} 22 attenuations Holx] gk
2, 4 = Z 3390(623%) = A3 =L attenua-
tiong& EHTHp<0.001, Table 2).

maxSUVel thg ROC 4 EXAH Zx35H 3 (area
under curve, AUC)2 08592, maxSUV = 359 o A&
7} 748 E4THFig. 2). maxSUV = 358 cut-off2 1%
& W g2xE9 o §F B dig 199 WAE, &

Malignant Benign P value
Number 18 53
Range 35~ 154 3.7~127
- maxsuv Mean+SD 82+35 6619 NS
. Discrete 16 29
Morgin Indiscrete 2 24 0011
N Yes 0 33
Calcification NO 18 20 <0.001
cT 10 3 18
. <10 mm
Size >10 mm 15 35 NS

Abbreviations: Malignant, pathologically proven malignant lymph nodes; Benign, pathologically proven benign lymph nodes; maxSUV,

maximum SUV; NS, not significant

234



RO

p=0,0!3}

P OO

[ R ]

100%
75 543 643
50

235

Sensitivity Specificity Accuracy

[ aept 1 Step 2 ] Sep 3

Fig. 3. Comparison of test sensitivity, specificity, and accuracy of
each step for assessing malignant involvement in each lymph
node group. Accuracy was significantly improved in step 3
comparing to the other steps, according to the improvement of
specificity.

T 747 64.3%, 86.9%, 854% %t 25HA 9 W
T, Ag v 747 643%, 95.0%, 93.1% R, 3%
s, Bol%, A= Zh} 57.1%, 93.0%, 95.4%
T 7} W) Aeld) A YA ARAAE MEZHRL W,
.

NZAEE A2 fe8 Aozt AT 1HA A 3%
AZ 445 Bo\%wrt Srtge el JExst §230A &
AE Y oH(Fig. 3)

9149 FAE F N0 #7217 73, N1 59, N2 114, 1]
2 N37} 29eIAH. % 1 AE Ao R 3} 7+ @AY N
W7l A& 194 64.8% (59/919), 294l 80.2% (73/91
%), 397 85.7% (78/9178) Stk NO 7)ol A 9] A& 1
A 671% (49/73%), 29A 849% (62/73%), 32
91.8% (67/73%8) 2 12-A ] wls] 22A1(p<0.001) ¢ 327
(pC0.001) & A0 FelahA FEHATE 28A ] LAEE
o 3PAle] AR go] & o YA FAHLE FAT A
ol %tk N1 WrlelA el dx&2 19A 7} 60.0% (3/5
)G, 2xkA S} 3TA BF 800% (4/5H) & ZH @A 7

0123 9| FOGPET/CTE 018 dIAMEHYC FZE MOl 7t

wh we

eI R wo mn

Concordance rate

2k

st 2§ st 3

Fig. 4. Comparison of concordance rate for assessing N stage in
each step. Concordance rate of step 2 and step 3 was
significantly improved comparing with that of step 1in NO stage
and total patients.

7t 9A BF 500% (1/2%) 2 9A @AE A4
tol= Holx gtk NO WrloMe dAE dA&
o] o5 AA SRl M ] N W7 dx&o] 1AM 3
242 987 FFEATH Table 3, Fig. 4).

lo o
o>’ o rlo
Nl

HU_

s OO‘I

A

=

gk

il

o] el 2003 FWol =YH PET/CTE ol 43t
o} NSCLCY #1% 2 7% =48 Ao N W7 Ag
71Z0) AHEEo] 9 maxSUV Y o 71&& F7HE A
231 JANES FolT ABEE Y F UsAd o
dolr gptt, o] AFE ZYAE AMEEHA &L CT
=A&o] 1387 dAY attenuation®] & 7A-¢-ole= FDG
ARARE7 EHE Y B0l 558 RAFS
3t B2 FDG AFAZ7HE HolHA g2 4357} mﬂ
U attenuatione] A % Afol%= FDG A7t S7H
Mu o] AA 7L Waelx] gow Y FE] =S B

SAA0E fIF Aol gk N2 WIlN e dA g FAL
1, 2, 39 2% 545% (6/11%) Q7 N3 #H7)01 9] &3] CTE 4% A NSCLC &AE59) Axd $4% 928
Table 3. Concordance of Patient-based N Staging
Step 1 Step 2 Step 3
Pathologic N stagin
gic N staging C of c ot c pf
NO 73 49 24 62 11 67 6
N1 5 3 2 4 1 4 1
N2 1 6 5 6 5 6 5
N3 2 1 1 1 1 1 1
Total 1 59 32 73 18 78 13

‘C: patients showing concordant results between pathologic staging and PET/CT staging
'D: patients showing disconcordant results between pathologic staging and PET/CT staging
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A gzdo) AART AR F£x 93, wA Al (micro-
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