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ANALYSIS OF METASTASIS IN PRIMARY LUNG
CANCER (SECOND REPORT)

Tohru Harapa', Makio Kawakamr?, Masuo UJITA?,
Yuji Sarto?, Makoto Opaka*, Shuji SATO?,
and Tadashi AKIBA*

'Department of Pathology, The Jikei University School of Medicine
2Department of Pathology, Clinical Service, The Jikei University School of Medicine
3Department of Radiology, The Jikei University School of Medicine
*Department of Surgery, The Jikei University School of Medicine

To clarify the metastatic properties of primary lung cancer, we analyzed 787 autopsy cases
of lung cancer from 1956 through 2005 at The Jikei University Hospital. In our first report we
described the general incidence of lung cancer. In the present report, we investigated the
affinity between lung cancer cells and organs by studying the metastatic incidence of lung
cancer, blood flow distribution adjustment, and the metastatic magnitude and performing
correlation analysis of coincidence among metastatic organs. We also analyzed distant
metastasis and direct invasion separately. The three cardinal metastatic organs of primary
lung cancer were the liver, bone, and the adrenal gland. As expected, the chest wall and
structures of the mediastinum were the main sites of direct invasion. The rates of distant
metastasis were higher in younger patients and female patients and for adenocarcinomas. In
contrast, the rates of direct invasion were higher in older patients and male patients and for
squamous cell carcinomas and small-cell carcinomas. Moreover, the rate of direct invasion
increased with primary lung cancer size, but the rate of distant metastasis did not. We found
the some histological subtypes of lung cancer tended to metastasize to certain organs.
Papillary adenocarcinomas showed the greatest tendency to metastasize to the central nervous
system, especially in female patients. Small-cell carcinomas and anaplastic carcinomas were
more likely to metastasize to the liver and pancreas. Primary lung cancers were known to
frequently metastasize to the adrenal gland, but we found in the present study that this
tendency could be explained by blood flow distribution and metastatic magnitude through
correlation analysis.

(Tokyo Jikeikai Medical Journal 2006 ; 121 : 223-40)

Key words : lung cancer, tumor metastasis, autopsy
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Fig. 1. The percentage of metastasis and direct invasion to organs from lung cancer, except for lymph
nodes

Table 1. The percentage of metastasis and direct invasion to organs from lung cancer, compared between
male and female (Fisher’s exact probability test *p <0.05, **» <0.1)

Metastatic ratio (%) male female total Direct invation ratio (%) male female total
*lung 47.3 56.2 49.4 mediastinum 31.1 29.9 30.8

liver 41.6 44.1 42.2 chest wall 19.9 17.9 19.4

bone 39.2 38.7 39.1 pericardium 14.1 15.8 14.5
adrenal gland 35.5 36.6 35.7 vena cava 13.7 9.2 12.7
kidney 25.9 27.5 26.3 thoracic aorta 11.1 9.8 10.8
*cerebrum 20.7 29.5 22.8 bone 9.6 5.9 8.7
heart 15.9 18.5 16.5 diaphragm 8.4 6.5 7.9
pancreas 11.1 124 114 heart 6.9 8.7 7.3
pericardium 9.2 12.0 9.9 esophagus 7.4 5.4 6.9
retroperitoneum 8.6 9.4 8.8 muscle 2.7 1.1 2.3
spleen 8.7 7.6 8.5 skin 1.8 1.6 1.8
diaphragm 8.4 7.1 8.1 *lung 0.5 2.7 1.0
**peritoneum 6.9 10.8 7.8 pancreas 0.8 0.0 0.6
mediastinum 74 8.2 7.5 *soft tissue 0.2 2.1 0.6
*cerebellum 5.8 11.1 7.1 kidney 0.5 0.6 0.5

jejunum, ileum 6.7 7.6 6.9 adrenal gland 0.5 0.5 0.5
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Table 1. Continued

Metastatic ratio (%) male female total Direct invation ratio (%) male female total
chest wall 6.8 7.1 6.9 liver 0.7 0.0 0.5
thyroid 6.7 6.5 6.7 retroperitoneum 0.5 0.6 0.5
ovary 6.6 6.6 spinal cord 0.5 0.5 0.5
*colon 4.0 8.1 5.0 thyroid 0.5 0.5 0.5
*skin 3.2 7.5 4.2 gallbladder 0.3 0.0 0.3
stomach 3.2 6.0 3.8 jejunum, ileum 0.3 0.0 0.3
brain stem 3.1 44 34 peritoneum 0.3 0.0 0.3
spinal cord 3.0 3.8 3.2 brain stem 0.2 0.0 0.1
muscle 3.2 2.7 3.1 cerebellum 0.2 0.0 0.1
pituitary 2.8 2.8 2.8 colon 0.0 0.5 0.1
rectum 1.8 1.6 1.8 spleen 0.2 0.0 0.1
thoracic aorta 1.8 1.6 1.8 breast 0.0 0.0 0.0
esophagus 1.7 2.2 1.8 cerebrum 0.0 0.0 0.0
uterus 1.7 1.7 epididymis 0.0 0.0
vena cava 1.8 0.5 1.5 meninx (cerebrum) 0.0 0.0 0.0
meninx (cerebrum) 1.3 2.1 1.5 meninx (spinal) 0.0 0.0 0.0
gallbladder 1.0 2.2 1.3 oral, tonsil, larynx, pharynx 0.0 0.0 0.0
prostate 1.2 1.2 other veins 0.0 0.0 0.0
soft tissue 1.2 0.5 1.0 ovary 0.0 0.0
urinary bladder 0.8 1.1 0.9 parathyroid 0.0 0.0 0.0
salivary gland 0.8 0.0 0.6 pituitary 0.0 0.0 0.0
meninx (spinal) 0.7 0.5 0.6 prostate 0.0 0.0
oral, tonsil, larynx, pharynx 0.7 0.5 0.6 rectum 0.0 0.0 0.0
other veins 0.8 0.0 0.6 salivary gland 0.0 0.0 0.0
testis 0.5 0.5 seminal vesicle 0.0 0.0
ureter 0.3 0.6 0.4 stomach 0.0 0.0 0.0
parathyroid 0.0 1.1 0.3 testis 0.0 0.0
breast 0.2 0.5 0.3 ureter 0.0 0.0 0.0
epididymis 0.2 0.2 urinary bladder 0.0 0.0 0.0
seminal vesicle 0.0 0.0 uterus 0.0 0.0
57 (Fisher’s exact probability test, p< 3) FYEHE (Fig. 3, Table 2)
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Table 2. Age average, compared between metastasis case and no metastasis case, direct invasion case and
no direct invasion case (unpaired /-test *p <0.05)

age average total (year)

without metastasis

with metastasis

without direct

with direct

invasion invasion
lung *66.5 62.5 64.5 64.1
esophagus 64.5 64.1 64.4 65.7
pericardium *65.1 59.5 *65.0 61.7
heart *65.1 61.5 64.6 63.5
thoracic aorta 64.6 61.4 64.5 65.2
vena cava 64.6 60.3 64.5 65.1
other veins 64.6 56.0 64.5
mediastinum 64.7 61.7 64.6 64.3
diaphragm *64.8 61.6 64.6 64.0
chest wall 64.7 62.5 64.6 64.2
breast 64.5 60.0 64.5
oral, tonsil, larynx, pharynx 64.5 62.8 64.5
salivary gland 64.5 66.8 64.6
thyroid 64.7 62.0 64.5 67.3
parathyroid 64.5 65.0 64.5
stomach 64.7 62.0 64.6
jejunum, ileum 64.7 62.7 64.6 65.0
colon 64.7 62.0 64.5 70.0
peritoneum *64.9 60.9 64.5 67.0
liver 65.1 63.8 64.5 65.8
gallbladder 64.6 63.7 64.6 61.0
pancreas *64.9 62.1 64.5 69.4
spleen 64.5 64.7 64.6 60.0
retroperitoneum 64.8 62.1 64.5 68.8
kidney *65.7 61.5 64.5 68.0
adrenal gland *65.3 63.1 64.5 58.0
rectum 64.7 58.6 64.6
urinary bladder 64.6 58.0 64.5
ureter 64.5 66.3 64.5
uterus 63.5 56.3 63.3
ovary *64.4 48.2 63.3
prostate 64.9 63.6 64.9
seminal vesicle 64.9 64.9
testis 64.9 58.7 64.9
epididymis 64.9 82.0 64.9
cerebrum *65.3 62.3 64.6
cerebellum 64.8 61.9 64.6 53.0
brain stem *64.8 59.2 64.6 53.0
meninx (cerebrum) 64.6 59.3 64.5
spinal cord 64.6 60.3 64.4 70.5
meninx (spinal) 64.6 58.2 64.5
pituitary 64.5 61.3 64.4
bone *65.5 63.1 64.6 64.0
skin 64.6 63.3 64.5 64.7
muscle 64.7 60.2 64.5 65.5
soft tissue 64.6 59.1 64.5 64.6
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Table 3. The percentage of metastasis to organs from lung cancer, compared between total adenocar-
cinoma and papillary adenocarcinoma (x? test *p<0.05, **p<0.1)

male female both )
metastatic ratio (%) Adenoca. | Papillary | Adenoca. | Papillary | Adenoca. | Papillary Hli(t)(t)gl)gy
(total) adenoca. (total) adenoca. (total) adenoca.
lung 56.0 57.9 69.6 85.7 59.7 65.4 49.7
liver 46.0 47.4 46.7 57.1 46.2 50.0 43.9
bone 48.8 57.9 45.7 28.6 47.9 50.0 39.4
adrenal gland 45.7 474 44.6 57.1 45.4 50.0 36.4
kidney 28.2 22.2 37.0 42.9 30.6 28.0 26.6
*cerebrum 27.0 42.1 39.6 85.7 30.4 53.8 23.3
heart 20.6 15.8 22.0 28.6 20.9 19.2 16.9
pancreas 10.5 5.3 10.9 28.6 10.6 11.5 12.3
pericardium 9.3 5.3 154 0.0 10.9 3.8 10.1
retroperitoneum 9.7 0.0 7.7 0.0 9.2 0.0 8.9
diaphragm 9.3 5.3 6.6 0.0 8.6 3.8 8.5
spleen 10.9 5.3 12.0 28.6 11.2 11.5 8.4
jejunum, ileum 5.7 0.0 7.6 0.0 6.2 0.0 8.1
mediastinum 7.7 15.8 5.5 0.0 7.1 11.5 8.0
peritoneum 6.1 0.0 8.7 0.0 6.8 0.0 8.0
chest wall 8.9 5.3 9.9 0.0 9.1 3.8 7.7
**cerebellum 78 21.1 13.2 14.3 9.3 19.2 7.2
thyroid 6.9 0.0 6.5 0.0 6.8 0.0 6.7
ovary 7.6 14.3 7.6 14.3 6.2
skin 4.0 5.3 6.5 0.0 4.7 3.8 5.1
colon 3.2 0.0 6.5 14.3 4.1 3.8 5.0
stomach 4.0 15.8 7.6 0.0 5.0 11.5 4.0
*spinal cord 4.5 21.1 8.8 28.6 5.7 23.1 3.6
brain stem 4.9 5.3 6.6 14.3 5.4 7.7 3.2
muscle 4.8 5.3 4.3 0.0 4.7 3.8 3.0
pituitary 4.5 5.3 4.5 0.0 4.5 3.8 2.6
esophagus 2.8 10.5 1.1 0.0 2.4 7.7 2.2
meninx (cerebrum) 1.6 10.5 4.4 0.0 2.4 7.7 1.5
prostate 1.2 10.5 1.2 10.5 1.2
meninx (spinal) 1.6 15.8 0.0 0.0 1.2 115 0.9
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2. BEFIEEERRE

1) #EE (Fig.1, Tablel)

e, Rk, 0EE, 8o KREIFHMRR & gl
B THEELZ>TWw, Lal, Hlfii~oE
BRI AT &> o Tz,

2) MRl (Fig.2, Tablel)

RFEDfg#R TIEBEEILZEL D bEWERE L
A~ UL, 05, L, cikztss kE\-
Tz, Fisher’s exact probability test THE X
7= (p<0.05) 25 S 17z DIl & WESHRR D AT
Hoiz,

3) Ik

1% D L oE#EERR % /R 7 Hds TFEFin %
Hit L7, EEEROFE CIXFIFRMmOENEH
372 T, ME— D EERER T T E LB, #i
AENEEEEZRZR/ (FEDR W REp=
0.007) (Fig. 4, Table 2). 7z DWW T, fifi, i
BECLDS, BHATHEENEWEANEIL S T
7o, SR Lo TR Th o7, Bk
B, MDD 7 ¢ HRE T p=0.0822, fkEns
»=0.0229 T, ZO2[HHRDOAPEREREEZR LI
(Fig. 4).
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Fig. 10.
organs from lung cancer (right)

13
&5z, HEERE 0.6% DLEOlE T, wiFis

TAER & T B R AE G O S il & i 3 % &,
TR CERIEEG D EEEREY & 0 B 2R
L Tz (Fig. 5, Table 2). XD ws t #E T,
2586 p=0.0784, HERE p=0.1027 & 72 D HEE
Boni.

4) HFEbEE (Fig. 6)

BEEEREK 1% DL Lol T, 50 k70
A OFERE T b B OHER R 2R TS HNF
EAETH D, FEBREDRYS 70 L 80 AR,
B TIE U LDERTE—r 2l 2 T
5.

5 JFEFEHDOY A X (Fig. 7)

10cm PIEOKRE I T, HELEREI R D EVL
iggR oS HIL D, T 2T, K& SICHpIL R
RHWRT 2 HAPTD sz,

6) FHMRZE (Fig. 8-2)

TH PR R I B e L R, /NI
DHEREIFE -, R, M, L2, MERAFETR,
MaERREIIR, B OEEERE LA7 6 fRERIc BT,
fiidE & DRI 2 ¢ 2 RE 21T &, %ﬁEITE@
AISPRIE LMD T R T OB - BEZERD

metastatic ratio . adjusnted ratio

ARG
w&&\'wm&ﬂ

T T T T T f
10 20 30 40 50 60 70 80 %

Blood flow distribution from cardiac output (left) and adjusted percentage of metastasis to main
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(p<0.0395).

3. MiEHEERIZ &L BFIE (Fig. 10)

M5O C & ifes O s BRI 3R 2 bk LU CHliE
L7z& 2%, BIBFEELHZROTEEL D3
HLTwie, Zoft, &SRR & omgsid
KOEOJEES b R I ERPRE W EZRL T
Wiz, MICIMEEOEE e, 3 7%b b IS
RO % WL B TR PHE2E 2 TRWES

AL TWwie,
4. BBV ZF 21— FEENT
1) Fin - MR

BRI Z & DR DO~ 7 =F 2 —F 2 &5
L, 205 Z2BLHB LU 10 £ L 0FEREIN
EHLFYEEZzEB L, ZHEOFEY< 7 =
F 2 — N 114, BYEH 9.8 T, oA EEl-> T
lz. —H, FEFIO~ T =F 2 — R 2ERBEFNIC
G L FEHEZRD 3 &, 40 BRmOE WA T
148 Ly EWEER L, 10 £ L AN LA
T3I2oh, HIZED L TTE, 80 KL EoE
FHETIE 6.2 L5 Tw5, ERPIHFVIE Y, 5K
DT =F 22— N58F > Tz (Fig. 11).

[ ] metastatic magnitude average

2) ESRAEE~ = 2 —

ENEERANC < 7 =F 2 — F OEFE KD, F
EEEHT 2 L, i 1.4, Fli& 1.2, & 1.1 OECE
fEzRL, ZHICEIE, Bl KK, Ll e
Tz, EEERE EIZIZFE R ZRL T
7z (Fig. 11). Bkl T4 % &, o~
J=F a— FEWEERS% <, [, KK, /MK,
Tk, K CTHEFEN R EREERZB (DR
W ERREE p<0.05) (Fig.12).

3 FEFERKE (Fig.13)

FREOAKESOEREZLi1c, v~/ =Fa2—FK
DR ERD CFEEE2AE L. K& S 2cm
UE3cmKiGOERET, v~/ =F2—RKDFY
E2511.9 ElbEmWEER Lz, 2O 3 cm B
EFoemAEFWMB L UO5ecm U E10ecm KD fE T
bEWEZRLTEBY, 2cm KB XL 10 cm
UEOHEB LV ENERTL T,

4)  AERRE

I B~ 7 =F 2 — Figf 23K, FEE
rEH U7, Ko LiE-2 kT 12.8, BE T 125
VI EWERE S L, Efleko~ s =
F 2 — RIEfEIX 10.7 TH Y, Eilo 2 Bpsz 0
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metastatic magnitude average
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fEi% B\l Twiz, £, BRI FEEE
M15.7 LB L TWwieh, EFIEND v (FE
HE 1.0%) 2 E8EES RS, —HTCRFLEE
13 8.0 iR BIEWHEERL TWwiz (Fig. 13). B
AR5 &, RPEDHBE TR FEES
AL TV, INIIERE & R EEETIEDE
WL T3 (Fig. 14). 72720, MEt=EMRE
BEEIIGHRE 5% TvE ooz,

5. 1EEBfEMT (Table 4)

SRR 59 DL o 17 iEghicBA L <, &
il COMBHBEM: % % R EITIC TH 217>
7z 12120, LI e DEE LIRS, K, /N, B
IR (EERN) L LT 1ERCBEL, 7k,
INEIT 2D A D7z DEIE L 72, JMP #igtY 7 b
& W CHEFE AL 21Ty, Tabled O Z & <
FERER. RMEEME 02 U 2RI &b TH
B Om s, IEE, #RIEE, NG, &EEo
FNEERE, R & LB LN, R & fghE L v
TSRS C R o iz, ZoMolKERMT
%, EREEEOFOIE, &, "I, BhEo/
TOBEMEMNEIN S, I & 38 & OEBAHEE M X
Db Eho T, MIER & OB IR T holizs
HIERNEZ R L 72D, Z A CTEIB IS RS

Bronchiolo-alveolar ca.
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metastatic magnitude average
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Metastatic magnitude average of histological subtypes, compared between male and female

WETH > 7.
Iv. # %=

FIERCIC b 72 0 B & W7 AR O BliEEIE
BlzHic, BA AT E OB 2BEL, [ME
DlFFRER O Mt 2R A7, MTZ0EE
a5,

1. =fEests & BiEER

1) BRI RRIRAS O IFFAEE X, f, I,
H, BB 4 KR Th 2, BEERIZOVWTE,
e, FaosE, LECRER SN D EESR I RE S
nRFv, Hlffi~oBEZREREID R L, Hixt
I~ DIEZE DI KITEREE S TR TH 5.

2) HEREEEEIL, ZESHEICHENEWEE
TR Z OIS L, EEERRIEEOH
TEEZ TSR 1%,

3)  HEREEAIO T, EEEREIDZ
NIV yEhroT, F, EBEBHIZER O
WENZ LA~ ER S <, I, B, Hisgc
X 40 R Clm OB EE R L TV 5, i,
EEERZ, LVEREECRVWERELRIHE
FIDSH STz,

4) FEFRBEOYVA XTI, VA XL TE
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BERRNEL 25, Thictl, w=REEERIE
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