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We investigated and compared the ability to diagnose metastasis of lung cancer to the
mediastinum and hilar lymph nodes using CT and EUS (endoscopic ultrasonography by radial
scanning method) in 27 patients undergoing resection of primary lung cancer and 6 autopsy cases. We
also determined the relationship between the presence or absence of metastasis and the size of each
lymph node based on the lymph node size measured at the time of resection and its histopathological
findings, and we then set up a standard value that was the most accurate in eva luating the presence or
absence of metastasis using a receiver operating characteristic (ROC) curve.

When lymph node sizes appearing as images were compared with their actual sizes measured on
resected specimens before formalin fixation, the short axis measured by either method was found to
generally agree with the actual values, while the long axis was slightly smaller than the actual values,
although EUS gave more accurate values.

When the ability to diagnose metastasis was compared between CT and EUS using the standard
value obtained from the ROC curve (a more than 8 mm short axis was defined as positive for
metastasis), there were no differences in the ability to delineate the entire area of the mediastinum,
including hilar lymph nodes.

With respect to individual sites, although there was some difficulty delineating some regions in
the mediastinum (pretracheal lymph node) with EUS, more lymph nodes in the mediastinum that were
delineated by EUS histopathologically had metastatic lesions than those delineated by CT. However,
both methods often failed to delineate hilar lymph nodes, with no difference shown between these two

methods.
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Table 1 Summary of Data for 33 Patients

Postoperative Classification

%;gfégf Histologic Diagnosis JE;‘;:?;H_ = ~ N S
1/40/F Adeno (well) L-S° 4 2 0 111B
2/81/F Adeno (well) R-8? 1 1 0 11
3/68/M Adeno (poorly) R-S° 4* 2* 1* v+
4/68/M  Adeno (moderately) R-Ste 1 0 0 1
5/82/M  Large cell L-s 3* 2* ke v
6/65/M  Adeno (well) L-s° 4* 3* 12k v
7/70/F Adeno (well) R-§* 1 0 0 1
8/71/M Small cell R-S* 1 2 0 11IA
9/68/M  Adenosquamous (moderately) R-S% 2 0 0 1
10/73/M  Adenosquamous (moderately) L-s¢ 2 0 0 1
11/74/M  Adeno (poorly) L-s8 2% 2* 1% A
12/55/F Adeno (moderately) LS8 3 1 0 111A
13/79/M Adeno (moderately) L-S* 2 1 0 11
14/67/M  Adenosquamous (poorly & moderately) R-S& 2 2 1 v
15/75/M  Epidermoid (moderately) R-S? 1 0 0 1
16/59/M  Epidermoid (moderately) L-S® 2 1 0 11
17/81/M Large cell L-St 2 1 0 11
18/75/M Epidermoid (poorly) R-S' 2 1 0 11
19/65/M  Adenosquamous (poorly) R-S® 4* 3 1" v
20/60/M Adeno (well) R-8? 1 1 0 11
21/65/M Small cell R-5° 3% 2% 1* IV*
22/78/M Epidermoid (poorly) L-S+2 2 1 0 11
23/62/F Adeno (well) L-S® 2 1 0 11
24/65/M  Large cell L-S® 1 1 0 11
25/61/M  Epidermoid (moderately) L-Sto 3 1 0 TITA
26/68/M  Adeno (moderately) R-S* 2 1 0 11
27/73/F Adeno (well) R-5¢ 2 1 0 11
28/64/M Adeno (well) L-s® 4 2 0 111B
29/76/ F Adeno (moderately) L-S® 1 0 0 I
30/65/M  Adeno (moderately) R-S! 3 1 0 1A
31/59/M  Epidermoid (moderately) R-S° 4 1 0 1B
32/72/M  Adeno (moderately) R-S# 1 1 0 11
33/73/M  Small cell R-S° 1 1 0 11

Note. —Adeno=adenocarcinoma, Large cell=large cell carcinoma, Small cell=small cell car-
cinoma, Epidermoid=epidermoid carcinoma, Adenosquamous=adenosquamous carcinoma, well=
well differentiated, rmoderately =moderately differentiated, poorly =poorly differentiated, *=TNM
classification and stage after autopsy.

B &R e St & LT window level
width 600HU, fh#F4e-& LT

HU, window
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window level —700HU, window width 1,000HU
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Fig. 1 Axial CT Anatomy of Mediastinal and Hilar Lymph Nodes (After the
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e. Tracheal carina

LCA

RCA :
LscA !
RscA :

1A :
LBeV :

RBcV
SVe

AZ:

PT

LPA :
RPA :

EF IERE fiBll4

f. Right
(below the tracheal carina)

:left common carotid artery ARCH :
right common carotid artery AA
left subclavian artery DA :
right subclavian artery Mo :
right brachiocephalic artery T
left brachiocephalic vein RMB :

“ right brachiocephalic vein LMB :

 uperior vena cava S:
azygos vein E

“pulmonary trunk Th:
left pulmonary artery
right pulmonary artery

Japan Lung Cancer Society, partially modified)

Note. -No. 1=superior mediastinal or highest mediastinal, No. 2=paratra-
cheal, No. 3=pretracheal, retrotracheal or posterior mediastinal (No. 3p), and
anterior mediastinal (No. 3a), No. 4=tracheobronchial, No. 5=subaortic or
Botallo’s, No. 6=paraaortic (ascending aorta), No. 7=subcarinal, No. 8=
paraesophageal (below carina), No. 9=pulmonary ligament, No. 10=hilar
(main bronchus), No. 11=interlobar, No. 12=1lobar--- ‘upper lobe, middle

d. Inferior margin of the aortic arch

pulmonary artery

aortic arch
ascending aorta
descending aorta
aorta

. trachea

right main bronchus
left main bronchus
sternum

. esophagus

thoracic spine

lobe and lower lobe, L=left, R=right, s=superior, i=inferior.
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Fig. 2 Receiver Operating Characteristic (ROC) Curve of Resected Lymph Nodes

Note.-ROC curves were prepared with each point plotted by calculating the true positive fraction and false
negative fraction when the threshold is changed continucusly at intervals of Imm for the long and short
axes, 2mumn for the sum of the two and 8mm? for the product of the two on the basis of values found before
formalin fixation of 170 resected lymph nodes.

True positive

True positive fraction True positive + Falss negative =Sensitivity
) . True negative -

True negative fraction = True negative +i‘alse Sositive =Specificity

e : False positive _ 4 _True negative
L ] True negative+ False positive ~ fraction
False negative fraction = F.al.se negalive - - '-Tme. positive

True positive+ False negative fraction

Each curve was calculated from the following indices.
s ¥ Long axis.
(O ————— (O Short axis.
A SimieE s s sE = A Sum of long and short axes.
] -=-=-—-=———=[_] Product of long and short axes.

When the short axis is used as an index, the curve is positioned at the left uppermost point. So, the short
axis is considered most suitable as an index for judgement of metastasis.

In the curve where this short axis is used as an index, a point nearest the original point on the upper left
(indicated with a solid circle in the graph) is where the true positive fraction (SEN) was found to be 0.58
and the false positive fraction (1—SPE) was 0.22, the standard value then being 8mm.

iz, EUS k3 58 8AD 7 r — 7 OB EE 3, RIBMEMFIRR

L, BEOTANCE s Y v BB LT, FHTEEI N ) VAL, kA=) VERE
AELTBLIAREECEMEEME h T M ERR X CERYHAIL 2.

(Fig. 1), B> W TILRRER S X OFEE T +o#
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\\ CT Image Results (31 Cases) EUS Image Results (33 Cases)
Locat Namber of Lymph Nodes [ pogitive | Negative Nofaer of Lymeh Nodes| positive | Negative
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Fig. 3 Comparison between the pathological diagnosis and the number of lymph
nodes visualized on CT and EUS according to regions.
Note. -( ) =number of lymph nodes proved to be metastatic histopathological-
ly among lymph nodes not visualized, ® =lymph nodes proved to be metastatic
histopathologically, © =lymph nodes proved to be non-metastatic histopath-
ologically, RHI=right hilar lymph nodes, LHI=left hilar lymph nodes, *=true
positive rate, ** =true negative rate.
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Fig. 4 Case 11. Lung cancer originated in left S* (Adenocarcinoma).

(a) CT scan reveals swelling of left No. 4 (tracheobronchial) node (arrow). It
measures 8mm in short axis.

(b) EUS image (12-MHz) reveals swelling of left No. 4 (tracheobronchial) node
(arrow). It measures 9mm in short axis.

(c) Schematic. T=trachea, ARCH=aortic arch, N=Ilymph node, B=balloon,
DA =descending aorta, Th=thoracic spine.

(d) Photomicrograph of left No. 4 (tracheobronchial) node. The node is entirely
replaced by adenocarcinoma cells (H & E staining ; original magnification, X 11).

£V VAFDORA =Y v EIEROFHAEC R 3 FARECEBOBHRKE L LT 5 ehich,
% CT % X O'EUS 0B Lo FHRIED 4 %, EFLMEBELY Y v SO ERES,
REERFICKD, ThbDEHEZXEH Lk, ROC gifgo~-9% AT iET A ELH LI,

b) ZMrELEEME DIERE %, B rr <) vEERO Y VAo
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Fig. 5 Case 16. Lung cancer originated in left S* (Epidermoid carcinoma).
(a) CT image shows swelling of No. 3 (pretracheal) node (arrow). It measures
12mm in short axis, but the pathological specimen showed no metastasis. Swelling
of left No. 4 (tracheobronchial) node is not evident.

(b) EUS picture (7.5-MHz) exhibits swelling of left No. 4 (tracheobronchial)
node (arrow) which could not definitely be visualized on CT. The swelling
measures 8mm in short axis, but it was pathologically negative for metastasis as
was No. 3 (pretracheal) node. The anterosuperior mediastinum including No. 3
(pretracheal) lymph node which could easily be visualized on CT is difficult to
observe by EUS because of multiple echo from the air in the trachea.

(c) Schematic. T=trachea, N=Ilymph node, DA =descending aorta, Th=thor-

acic spine.

FIROWT, RELARKOWTR]ImMm & &
2, MEFOFNCOWTIE2mm 2 &1, BEiX8mm?
T EWERE L TROFREE A BT LI,

wic, HoHEEBEL E2BELE LR true
positive DE%, REEHICEBOMRE S hicih
B CEl 573 D% true positive fraction (sensi-
tivity LI'F SEN) & L, true negative 3%, &
BERCEBARD b - BB cH -7 b
D % true negative fraction (specificity LI F
SPE) & LT, ¥ % 3°5 L7ch 6 SEN & SPE
% RDHT ROC g 2 8L L 7=,

TWHEBEL LT, SEN L SPED-i5v =
D & hfz, ROC #ifE_E o moderate threshold %
R 7z,

LA EDFiEET ROC #ifR & b Rd7- Wi Xl
&, a) THRDTEHY vAFOERE: BEE L

FRL 249 A258

(21)

Table 2 Correlation between values measured
on CT and EUS images on the one hand and
values found before formalin fixation of biop-
sied specimen on the other

MEAN£SD
CT Long Axis Ratio 0.38+0.26
Image Short Axis Ratio 0.98+0.44
EUS Long Axis Ratio 0.97+0.32
Image Short Axis Ratio 1.00+0.36

Note. —Long axis ratio=long axis of the lymph node
measured on images/long axis of the resected lymph
node before formalin fixation, Short axis ratio=shaort
axis of the lymph node measured on images/short axis
of the resected lymph node before formalin fixation.

DOFHAME E D2 b, WREOEE L TcoBkit
HEEABH L7,
c) Y v rEiTo CT & EUS 0% 2 #
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Fig. 6 Case 25. Lung cancer originated in left 5 (Epidermoid carcinoma).
(a) Swelling of left No. 10 Chilar) node (arrow) is evident on CT image. It
measures 14mm in short axis.

(b) Swelling of left No. 10 (hilar) node (arrow) is noted on EUS image
(12-MHz). It measures 10ram in short axis.

(c) Schematic. N=lymph node, B=balloon, DA =descending aorta, Th=thor-
acic spine.

(d) The swelling of left No. 10 (hilar) node is composed of reactive follicular
hyperplasia, sinus histiocytosis and anthracosis without cancer cell infiltration (H
& E staining ; original magnification, X11).

BED Lo & g
WAL OWT, &) v HWMAIC true pos- a. ) r\EOFHHERORME & FEFROA
itive rate, true negative rate &R 710, (@D B (Table 2)
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Fig. 7 Case 19. Lung cancer originated in right S* (Adenosquamous carcinoma).
(a) On the EUS image (12-MHz), left No. 4 (tracheobronchial) node is visual-
ized as an elliptic mass showing a hypoechoic pattern on the whole (arrow). It
measures 8mm in short axis.

(b) Schematic. T=trachea, N =lymph node, DA =descending aorta, Th=thor-
acic spine.

(c) A magnified view of left No. 4 (tracheobronchial) node in the image (a). A
more distinct hypoechoic pattern is relieved against the background of the ureven
hypoechoic pattern. Characteristics of this internal echo pattern suggest partial
lymphatic metastasis.

(d) Histology of the left No. 4 (tracheobronchial) node with partial metastasis.
Note that a part of this node is composed of adenosquamous carcinoma cells (H
& E staining ; original magnification, x11).

TE3UEIC O, STRIME & B & o SHAE » H B ETOKE XOEEE, BEH0.88+0.26,
Bl wr=) vEZHOHAECST 5 CT EEN0.98+0.44TH -1, ZOREE, ERIIE

FRC2F9 A25R (23)
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Table 3 Comparison of pathological diagnosis
and image diagnosis

Pathologic Diagnosis

Positive Negative
CT Positive 13 8
Diagnosis Negative 4 6
EUS Positive 14 2
Diagnosis Negative 4 2
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WET, BE0.97+0.32, EEH1.00+0.36
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L4 Y v ET0EI o W T O ERE I &S
W= ROC g Tt Tk, EEic X 5 s
DI X HHifRICHERTEEHCHFEL, &
HERBh T2 EE 2 DA, COEEYEE
ELcHiRicsWT, EEFHOFERICKIEVA
1% true positive fraction (SEN) #30.58C, false
positive fraction (1-SPE) #30.220 2 THH, <
OO FHEMIISMM THote, TOXE[ELR
Table 1 DFEREBHLAEHECCT, EUSOZ
W FL R A i AR 8mm & L,

EHETHEBE IR ) vAGD YL, EEEC
hboEEEL EobDw ) v FEBEE & ¥
E L7,

c) ERBMBENLILE

i) v vgi4etgk (Table 3)

CTHREX BT LMD 5 H, 2 fInFRE
ERBIR X BBOEFBOEL, HRHLERIL
7o. CT O F Lo 123161D 5 b, CT OEZR L
HHERY) v AHIHMETHA T, 2D 5 b,
8mm Ll EDEANTED b hEBENE L HE LT
DIX2METH - 102y, EBREBLBDLRICD
D13, true positive rate (%13/21=61.9%
Thoic.

EBRME L HFELI0ED 5 b, KBRS
ABdbhichofcb DX 6T, true negative
rate 116/10=60%T&H - 7=.

EUS I DX & Tn - 72336F) T, 5T22@D

(24)

HREERR 35 & OUPY v v o< fiEE# o EUS i & CT 2o ik

VAR Kt 22@rR, R EHE L
7216 D 5 BbEBRICER L B0 148 T,
true positive rate (314/16=87.5%TH -7z, ¥
B EHELLL6ED > D, EBCERAE0
Lo oicd @i 2 BT, true negative rate .
2/6=33.3%Tdh =7,

i) MGt CT & EUS @ ) v < S
L EB2EEED HEE (Fig. 3)

kR Y v oETix, CT 5 & in - 7316
BVCEHIED V v FiNEH X hich, —Dd
2618 (26/89=29.2%) Ml T hi, R
EUS DX R & 7z - 733Gl s\ T, 510618 O #E
Y v AMAEHE SR, o3 BITE 17/
106:=16%) 2\ X iz, LLEDOKE, @Ry v
AW CT A EUS X b & A
mWEEZ bR,

FiFY Y v AECIE CT OX & & 7s - 131l s
W, EH6LED ) voiEgE Eh, TD5H5
i (5/61=8.1%) »\#ilh & hic, Ak EUS ©
%t & e o 12336 5\ ToAE D U v o EiHRH
Xh, 0B 5E05/64=7.8%)n#HHEhi,
Ll bR, Y v fcimmscadd, RN
DELERBD LI,

A7 BT true positive rate & BT 5 & HEfR
) v AT CT TR L E L C16ED Y
v AT, 9fE (9/16=56.2%) CEBLRD L
hicowst U, EUS TEBB & HIE LIz12(E
DV v, 118 (11/12=91.6%) TR HEE
ot LLEOFERI Y, true positive rate i3
EUS  CT % LEIAEE AL bRl

FtiF9 1 v oS EiCRBEIC true positive rate % kb
#3452, CT (4/5=80%) * EUS (3/4=75%)
ETERRDILI oI,

R EEI AL B true negative rate & EeEET 5
CHERB Y v A E T CT 536/10=60%, EUS #»
2/5=40% & Z% DT, FRMFITIE, #T0%
Lotz

E Al

1) EH 1 (Case 11, Fig. 4)

CT T #E8mm, EUS TRERImm OV v
AL LT E R, £ No. 40 ) v A HiTH

BARERES #50% H95



4

5, RERTI, Vv, 3ELENEE
ThHB bR T,

2) %Ef) 2 (Case 16, Fig. 5)
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