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Fig. 1 Relationship between the diameter or volume of metastatic tumor in the
liver and number of times of doubling

Hypothesis : Metastatic tumor grows exponentially to attain a diameter of lcm

after 30doublings"?.
1) Solitary metastasis

2) Muitiple metastasis
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Fig. 2 Relationship between the diameter or volume of metastatic tumor in the

liver and number of times

of doubling

Hypothesis : Tumor (volume) doubling time coincides with CEA doubling time.
These equations give tumor diameter or volume when serum CEA level started
to show an exponential rise.

1) Solitary metastasis
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X ZEAEF30FIF, tumor doubling time & CEA dou-

bling time 23 ERICHIETELEFMNRZ THH D, =D
THTER L DMERIZERIE, —L Ty (Fig. 3).
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Fig. 3 Relationship between CEA doubling time
and tumor doubling time
CEA doubling time correlates well with and it is
nearly equal to tumor doubling time.
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Table 1 The volume, the numbers of doublings,
and the diameter of the metastatic tumor in the
liver from colorectal cancer at start of
exponential rise in serum CEA level
*For cases of multiple metastases, values were
calculated assuming that there was a single
metastastic lesion.

q | CEA doubling time At start of exponential rise in serum CEA level |
. e | (days) | umor dOUNG [ y\ e om) Xdismoter(om) |
1 74 35.9 30.3 3.9 |

2 4 32.3 5.0 2.1

3 80 3.8 50.5 45

4 93 32.0 0.5 1.0

5 33 33.6 6.3 2.3

6 60 29.2 0.3 0.1

7 53 32.5 3.0 1.8

8 48 28.0 0.1 0.5

9 2% 35.0 16.2 3.1

10 68 29.2 0.3 0.0

T 49 35.7 38.0 3.7

12 155 32.4 2.7 1.7

| 13 38 2.5 0.09 0.5

| 14 54 30.3 0.6 11

15 68 35.3 16.3 3

18 4 3.7 7.0 2.4

17 78 3.3 19.9 3.4

| 18 66 3.8 | 7.5 2.4
| Meanzsp 53.1+28.9 32,6428 | 154147 2194123 |
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H#sEE 24% 78

BE, ABEThLhFES2.19cm, 11.dem3icisL
7.

ZhLISERIERE R D b hish -t 1266 % bn
Z I30EEGI DR B TIEREE, Mo CEA fE2 5 5ES
BEw LR XHRT 58, ER2W EFEEYRD
Kl L O TRKOEB ST 5 HEBE O dou-
bling BI#i3 % h % hF#28.7E, 32.6[E], 350, 41.5
Bl - 7= (Table 2).

RREREFWEED &S ¥ O doubling B $i2 F 1
28.7EITH bH, = Dffiix CEA doubling time /L L

Table 2 Numbers of doublings of metastatic
tumors in the liver from colorectal cancer at
resection of primary lesion, at start of
exponential rise in serum CEA level, at time of
detecting metastasis on image diagnosis, and at
time of death
*For Cases 19 thru 30 where tumor volume
measurement was infeasible, the number of dou-
blings by the time the serum CEA level began to
rise exponentially was arbitrarily set at 32.6
which is the mean value for Cases 1 thru 18.

1 e ol detecting

BRI
diagasis

1 37.7 35.9 37.9 Alive |
2 29.4 32.3 36.2 38

3 32 35.8 35.0 43.3
4 30.9 32.0 32.6 Alive
5 31.8 33.6 = 40.8
6 10.9 29.2 19.0 Alive
7 34 32.5 36.8 Alive
8 25 28.0 33.5 36.9
9 33.7 35.0 37.4 443
10 28.7 29.2 31.2 43.7
11 33.7 35.7 39.3 40.2
12 32.4 32.4 34.7 Alive
13 35.2 27.5 35.1 Alive
14 26.3 30.3 — 39.1
15 35.8 35.3 — 42.0
16 30.4 33.7 37.7 Alive
17 21.7 35.3 36.3 Alive
18 32.8 33.8 33.0 Alive
19 24.4 — 43.4
20 35.0 — 46.6
21 10.9 37.9 40.3
22 31.1 —_ 40.0
23 29.4 32.6 =* 39.1 40.4
24 31.5 34.6 40.5
25 29.6 38.0 48.0
26 29.0 32.2 38.2
27 17.6 39.0 39.8
28 24.2 — 37.6
29 32.7 — 47 .6
30 23.6 J — 40.5
Mean | 28.7 32.6 35 41.5
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Mt CEA D35 BISRY_E RLBAtREE o 7 HikE
T FI217 1261 <7+ 1.8CEA doubling times ©
#BEANTH -7 (Fig. 5).
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Fig. 4 Number of doublings of metastatic tumor
in the liver by the time of operation on primary
lesion vs, CEA doubling time
The metastatic tumor in the liver had undergone
doubling an average of 28.7 times before surgical
resection of the primary lesion. And this value
was almost invarying independently of CEA dou-
bling time,

20.7%6.6
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Fig. 5 CEA doubling time vs Survival time
The solid line and dotted line give the relation-
ships within the range of 7£1.8CEA doubling
times. In 12 of 21 deceased, death occurred within
the range of predicted survival time and these
patients may be considered to have followed a
quasi-natural course.
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Fig. 6 Chronology of patients with liver metastasis from colorectal cancer
In case of hepatic metastasis from colorectal cancer, metastatic tumor in the
liver began to proliferate an average of 4-years-and-7-months before surgical
resection of the primary lesion. If allowed to go untreated, the span of time
elapsing from the start of proliferation of metastatic tumor in the liver till
patients’ death was 6-years-and-5-months on the average.
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A Chronological Study of Hepatic Metastasis from Colorectal Cancer

Sakae Miyamoto
The First Department of Surgery, The Jikei University School of Medicine

An almost equal and parallel correlation was noted between CEA doubling time and tumor (volume) doubling
time among patients with hepatic metastasis from colorectal cancer. Based on these facts, a chronological study
was made of 30 cases of hepatic metastasis from colorectal cancer, with the following results. (1) When the patients
were left totally or virtually untreated, the metastatic tumor cells (MTC) doubled an average of 41.5 times. (2) MTC
in the liver were believed to have started proliferation an average of 4 years and 7 months before surgical resection
of the primary lesion. (3) MTC had presumably doubled an average of 32.6 times by the time the serum CEA level
began to rise exponentially. (4) When a definite image diagnosis of hepatic metastasis could be made, MTC should
have doubled an average of 35 times, and the metastatic tumor attained a diameter of 3.2 cm. (5) It is considered
that in patients with hepatic metastasis the tumor has already gone through nearly three-fourths of its natural
course (from the onset of the seeded hepatic tumor growth to the patient’s death), before clinical manifestation of
liver metastasis. Cognizance of these chronological features, therefore, is of great importance for the diagnosis and
treatment of hepatic metastasis from colorectal cancer.
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