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Abstract. Background/Aim: We aimed to elucidate the

prognostic impact of tumor doubling time (DT) and radical
surgery when classified by DT in patients with
metachronous liver, lung, or peritoneal metastases of
colorectal cancer (CRC). Patients and Methods: We
reviewed the data of 1941 patients who underwent curative
surgery for CRC and calculated DT for recurrences using
computed tomography. Results: Short DT was an
independent prognostic risk factor in liver (p<0.001) and
peritoneal (p=0.03) metastases. Survival was significantly
better in patients who underwent surgery than in those who
did not, both in short and long DT groups in any metastatic
organ (p<0.01). Patients with long DT gained significantly
better prognostic benefit from surgery than those with short
DT in liver (p=0.01) and peritoneal (p=0.04) metastases.
Conclusion: Surgery is recommended for resectable
metastases, especially in patients with liver and peritoneal
metastases with long DT.

The liver, lung, and peritoneum are the most frequent
metastatic sites in colorectal cancer (CRC), and there is a
consensus that radical surgery improves the prognosis of
metastases in the liver (1, 2), lung (2, 3), and peritoneum (48). However, patients with metastases of CRC sometimes
experience early recurrence and poor prognosis despite
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radical surgery. Therefore, the decision to operate high-risk
patients must be taken carefully.
The tumor growth rate may influence the tumor recurrence
rate. Tumor doubling time (DT) has been used as an
indicator of the tumor growth rate. DT is the time taken for
a tumor to double in volume, and was first proposed by
Collins (9, 10). Previously, in some studies, short DT was
reported as an independent risk factor for poor prognosis in
liver (11-14), lung (15, 16), and peritoneal (17) metastases
of CRC. However, these studies included only patients who
underwent radical surgery for metastases. No studies have
been conducted on all recurrent patients including patients
treated non-operatively. Therefore, it is unclear whether the
prognosis is improved by radical surgery when stratified
according to short and long DT groups.
Here, we aimed to elucidate the prognostic impact of DT
and radical surgery in all patients with metachronous liver,
lung, or peritoneal metastases of CRC.

Patients and Methods

Patient selection. Between January 2004 and December 2015, a
total of 1,941 consecutive patients who underwent curative surgery
for stage I-IV CRC at The University of Tokyo Hospital were
retrospectively evaluated. Patients with inflammatory bowel diseaseassociated CRC and familial adenomatous polyposis were excluded.
We analyzed prognosis in patients with metachronous liver, lung,
and peritoneal metastases. DT was not considered when deciding
on the treatment method for patients with metachronous metastases.
The protocol was approved by the Ethics Committee of The
University of Tokyo. The approval number was 3252-(9).

Patient follow-up. Postoperative surveillance was performed
according to the surveillance schedule recommended by the
Japanese Society for Cancer of the Colon and Rectum guidelines
(18). Carcinoembryonic antigen (CEA) measurement, computed
tomography (CT), and colonoscopy were performed every 3, 6, and
12 months, respectively for 3 years, followed by CEA measurement
and CT every 6 months during the next 2 years.
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Table I. Patient characteristics.
Characteristics

Gender

Age, mean±SD
Primary lesion
Location
Histology

Vascular invasion

Lymphatic invasion
T stage

N stage

Examined lymph nodes
pStage

Serum CEA level

Adjuvant chemotherapy

Follow-up, median (range)
Metachronous lesion
Concurrent metastases
Disease free intervala

Treatment

DT, median (range) days
PCI at recurrence

Total
1941
Male
Female
Colon
Rectum
Differentiated
Other
Absent
Present
Absent
Present
T1-3
T4
N0
N1-2
0-11
≥12
I
II
III
IV
≤5.0 ng/ml
>5.0 ng/ml
Absent
Present
Absent
Present
≤1 year
1-3 year
>3 year
Resection
Conversion
Chemotherapy
Radiotherapy
Best supportive care

Patients with metachronous metastasis

1181 (60.8%)
760 (39.2%)
65.6±11.5

1150 (59.2%)
791 (40.8%)
1830 (94.3%)
111 (5.7%)
676 (34.8%)
1265 (65.2%)
1396 (71.9%)
545 (28.1%)
1570 (80.9%)
371 (19.1%)
1186 (61.1%)
755 (38.9%)
486 (25.0%)
1455 (75.0%)
523 (26.9%)
627 (32.3%)
624 (32.1%)
167 (8.6%)
1120 (57.7%)
821 (42.3%)
1317 (67.9%)
624 (32.1%)
5.0 year (0.1-14.8)

DT with surgery
DT without surgery
Low (<10)
Moderate (10-20)
High (>20)

Liver
212

131 (61.8%)
81 (38.2%)
64.4±11.2

Lung
156

88 (56.4%)
68 (43.6%)
63.4±12.5

Peritoneal
114

75 (65.8%)
39 (34.2%
63.2±10.9

125 (59.0%)
87 (41.0%)
198 (93.4%)
14 (6.6%)
29 (13.7%)
183 (86.3%)
115 (54.2%)
97 (45.8%)
138 (65.1%)
74 (34.9%)
67 (31.6%)
145 (68.4%)
34 (16.0%)
178 (84.0%)
10 (4.7%)
37 (17.5%)
86 (40.6%)
79 (37.3%)
80 (37.7%)
132 (62.3%)
121 (57.1%)
91 (42.9%)

54 (34.6%)
102 (65.4%)
147 (94.2%)
9 (5.8%)
30 (19.2%)
126 (80.8%)
87 (55.8%)
69 (44.2%)
112 (71.8%)
44 (28.2%)
61 (39.1%)
95 (60.9%)
41 (26.3%)
115 (73.7%)
9 (5.8%)
37 (23.7%)
65 (41.7%)
45 (28.8%)
70 (44.9%)
86 (55.1%)
79 (50.6%)
77 (49.4%)

49 (43.0%)
65 (57.0%)
101 (88.6%)
13 (11.4%)
16 (14.0%)
98 (86.0%)
56 (49.1%)
58 (50.9%)
54 (47.4%)
60 (52.6%)
36 (31.6%)
78 (68.4%)
26 (22.8%)
88 (77.2%)
2 (1.8%)
27 (23.7%)
50 (43.9%)
35 (30.7%)
45 (39.5%)
69 (60.5%)
51 (44.7%)
63 (55.3%)

144 (67.9%)
68 (32.1%)
138 (65.1%)
63 (29.7%)
11 (5.2%)
141 (66.5%)
6 (2.8%)
48 (22.6%)
0 (0%)
17 (8.0%)
32 (5-319)
39 (10-319)
24 (5-120)

91 (58.3%)
65 (41.7%)
87 (55.8%)
58 (37.2%)
11 (7.1%)
70 (44.9%)
4 (2.6%)
61 (39.1%)
3 (1.9%)
18 (11.5%)
66 (6-249)
85 (18-249)
58 (6-248)

72 (63.2%)
42 (36.8%)
49 (43.0%)
52 (45.6%)
13 (11.4%)
38 (33.3%)
2 (1.8%)
53 (46.5%)
2 (1.8%)
19 (16.7%)
87 (12-523)
120 (30-523)
56 (12-213)
99 (86.8%)
15 (13.2%)
0 (0%)

aTime interval from the date of surgery for the primary lesion to the date of clinical diagnosis of metachronous metastasis. CEA: Carcinoembryonic
antigen; DT: doubling time; SD: standard deviation; PCI: peritoneal cancer index.

Measurements of DT. DT was calculated according to a previously
described method (17, 19). Briefly, DT was mainly calculated from
the tumor diameter measured by CT (slice thickness: 5.0 mm) twice
during the radiotherapy- and chemotherapy-free interval. When the
lesion was too small to determine whether it was a recurrence, we
evaluated it using CT again 1-3 months later and diagnosed it as
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recurrence in case of an increase in size. In other cases, when the
small sized recurrent lesions were detected in CT before the
diagnosis of recurrence in a retrospective evaluation, we calculated
DT immediately. Cases where obtaining accurate measurements of
the tumor diameter was difficult or when CT was performed only
once were excluded from the evaluation of DT.
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Table II. Univariate and multivariate analyses of risk factors of overall survival after metachronous liver metastases of CRC.
Factors

Gender (Male/Female)
Age (≤65/>65 years)
Primary lesion
Site (Colon/Rectum)
Histology (Other/Differentiated)
Vascular Invasion (+/–)
Lymph invasion (+/–)
Tumor stage (T4/T1-3)
N stage (N1-2/N0)
Examined LN (0-11/≥12)
Distant metastasis (+/–)
CEA level (>5.0/≤5.0 ng/ml)
Adjuvant chemotherapy (+/–)
Metachronous lesion
Liver DT (≤45/>45 days)
Concurrent metastases (+/–)
Resection (–/+)

Univariate

HR (95%CI)

p-Value

1.23 (0.83-1.85)
2.69 (1.26-5.07)
2.15 (1.11-4.81)
2.35 (1.58-3.51)
1.33 (0.89-1.97)
1.44 (0.94-2.26)
1.11 (0.64-1.82)
1.29 (0.86-1.91)
1.28 (0.86-1.94)
0.85 (0.57-1.26)

0.32
0.01
0.02
<0.001
0.16
0.09
0.7
0.21
0.23
0.41

1.09 (0.73-1.64)
0.93 (0.63-1.38)

5.43 (3.06-10.5)
2.97 (2.00-4.42)
9.19 (5.89-14.4)

0.67
0.73

<0.001
<0.001
<0.001

Multivariate

HR (95%CI)

p-Value

1.70 (0.69-3.60)
2.00 (0.91-5.28)
1.34 (0.86-2.11)

0.23
0.09
0.2

3.44 (1.87-6.84)
1.37 (0.85-2.19)
4.74 (2.79-8.08)

<0.001
0.2
<0.001

CEA: Carcinoembryonic antigen; CI: confidence interval; CRC: colorectal cancer; DT: doubling time; HR: hazard ratio; LN: lymph node.

DT cut-off values. Patients with metachronous metastases were
stratified into two groups according to DT in each recurrent
organ; short and long DT groups. The cut-off values for liver,
lung, and peritoneal metastases were determined as 45, 100, and
137 days, respectively, according to previously reported median
values (16, 17, 20).

Statistical analyses. In this study, we analyzed survival after
recurrence, which was defined as the interval between the diagnosis
of metachronous metastases and the last follow-up or death. Overall
survival (OS) rates were calculated by the Kaplan-Meier method
and compared using the log-rank test. To compare the effect of
surgical resection in short and long DT groups, the analysis of
interaction test was used. Cox proportional hazards univariate and
multivariate models were constructed to detect risk factors for OS.
The factors analyzed included sex, age, primary site of tumor,
histology, vascular/lymph invasion, tumor stage, number of
examined lymph nodes, N stage, presence of distant metastasis,
CEA level, administration of adjuvant chemotherapy, DT for
metachronous lesion, concurrent metastases at other sites, resection
of metachronous lesion, and the peritoneal cancer index in cases of
metachronous peritoneal metastasis. In the multivariate analysis, the
variables with p<0.05 from the univariate analysis were included.
We considered p-values <0.05 to be statistically significant. All data
were analyzed statistically using JMP Pro 14 (SAS Institute Inc.,
Cary, NC, USA).

Results

Patient characteristics. Patient characteristics are
summarized in Table I. The average (±standard deviation)
age was 66 (±11.5) years. The median follow-up time was

5.0 years (range=0.1-14.8 years). Of all 1,941 patients who
underwent curative surgery for stage I-IV CRC, recurrences
were detected in 466 patients (24.0%). Among the recurrent
organs, the liver was most commonly involved (n=212),
followed by the lung (n=156) and peritoneum (n=114), and
DT could be calculated in 191, 127, and 90 patients,
respectively. The median DT for recurrences in the liver,
lung, and peritoneum were 32 (range=5-319), 66 (range=6249), and 87 (range=12-523) days, respectively. The median
DT was the shortest in the liver, followed by the lung and
peritoneum (p<0.001). In patients who underwent surgical
resection, the median DT for recurrences in the liver, lung,
and peritoneum was 39 (range=10-319), 85 (range=18-249),
and 120 (range=30-523) days, respectively and in patients
treated non-operatively, these were 24 (range=5-120), 58
(range=6-248), and 56 (range=12-213) days, respectively.
The resection rate of the recurrent organs was the highest for
the liver (69.3%), followed by the lung (47.5%) and
peritoneum (35.1%).

Risk factors for OS after metachronous metastases. These
data are summarized in Tables II, III, and IV. In the
univariate analysis, short DT was a significant risk factor for
poor OS in any organ (liver, lung, and peritoneum). In the
multivariate analysis, short DT was an independent risk
factor for poor OS in the liver [hazard ratio (HR)=3.44, 95%
confidence interval (CI)=1.87-6.84; p<0.001] and peritoneum
(HR=2.53, 95%CI=1.09-6.96; p=0.03). Moreover, not
operating in patients with metachronous metastases was an
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Table III. Univariate and multivariate analyses of risk factors of overall survival after metachronous lung metastases of CRC.
Factors

Gender (Male/Female)
Age (≤65/>65 years)
Primary lesion
Site (Colon/Rectum)
Histology (Other/Differentiated)
Vascular Invasion (+/–)
Lymph invasion (+/–)
Tumor stage (T4/T1-3)
N stage (N1-2/N0)
Examined LN (0-11/≥12)
Distant metastasis (+/–)
CEA level (>5.0/≤5.0 ng/ml)
Adjuvant chemotherapy (+/–)
Metachronous lesion
Lung DT (≤100/>100 days)
Concurrent metastases (+/–)
Resection (–/+)

Univariate

HR (95%CI)

1.04 (0.65-1.68)
0.55 (0.34-0.88)
1.41
2.63
1.40
1.72
1.49
2.14
0.67
1.43
1.01
0.99

(0.87-2.27)
(1.01-5.60)
(0.78-2.73)
(1.07-2.77)
(0.88-2.45)
(1.30-3.66)
(0.37-1.14)
(0.87-2.32)
(0.63-1.62)
(0.61-1.59)

4.09 (1.78-11.8)
2.95 (1.83-4.81)
8.44 (4.65-16.5)

p-Value
0.87
0.01

0.16
0.047
0.28
0.03
0.13
0.003
0.14
0.16
0.96
0.96

<0.001
<0.001
<0.001

Multivariate

HR (95%CI)

p-Value

0.59 (0.31-1.08)

0.09

1.52 (0.23-5.86)

0.61

1.76 (0.83-3.70)

0.14

0.95 (0.46-2.02)

2.16 (0.88-6.52)
1.88 (1.04-3.46)
5.72 (2.84-12.4)

0.9

0.1
0.04
<0.001

CEA: Carcinoembryonic antigen; CI: confidence interval; CRC: colorectal cancer; DT: doubling time; HR: hazard ratio; LN: lymph node.

independent risk factor for poor OS in the liver (HR=4.74,
95%CI=2.79-8.08; p<0.001), lung (HR=5.72, 95%CI=2.8412.4; p<0.001), and peritoneum (HR=7.34, 95%CI=3.1719.1; p<0.001).

Patient prognosis. In patients with liver, lung, and peritoneal
metastases, the 5-year OS rates after metachronous metastases
were 51.9%, 47.0%, and 13.7%, respectively, and the median
OS time was 5.4, 4.9, and 2.3 years, respectively. OS after
metachronous metastases according to DT are shown in Figure
1. The prognosis in patients with short DT was significantly
worse than that in patients with long DT in any organ. The 5year OS rates in patients with short and long DT were 37.0%
and 84.4% in liver metastasis (p<0.001), 41.3% and 91.5% in
lung metastasis (p=0.001), and 3.2% and 67.9% in peritoneal
metastasis (p<0.001), respectively.
Survival curves according to DT and surgical resection are
shown in Figure 2. In patients with metachronous liver, lung,
and peritoneal metastases, the 5-year OS rates in those who
underwent radical surgery were 92.1%, 96.3%, and 88.9% in
the long DT group and 53.0%, 71.1%, and 11.8% in the short
DT group, respectively. OS was significantly better in
patients who underwent radical surgery than in those who
did not, both in short and long DT groups in liver (p<0.001
and p<0.001, respectively), lung (p<0.001 and p=0.001,
respectively), and peritoneal (p<0.001 and p<0.001,
respectively) metastases, respectively.
In patients with long DT, the HRs for not undergoing
versus undergoing surgical resection were 29.5, 8.12, and
50.6 for metastases in the liver, lung, and peritoneum,
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respectively. These HRs were higher than those in patients
with short DT for metastases in the liver (HR=29.5 vs. 5.38,
95%CI=8.95-97.4 vs. 3.31-8.75) and peritoneum (HR=50.6
vs. 6.20, 95%CI=5.41-473 vs. 2.80-13.8). The analysis of the
interaction test showed that patients with long DT gained
significantly better prognostic benefit from surgical resection
than those with short DT in liver (p=0.01) and peritoneal
(p=0.04) metastases. No significant difference between the
two groups was observed for cases with lung metastasis
(p=0.80).

Discussion

This is the first study to evaluate the impact of DT as a
predictive factor for prognosis in all patients with
metachronous metastases of CRC, including both patients
who underwent radical surgery and those treated nonoperatively. Short DT has previously been described as an
independent risk factor for poor OS and relapse-free survival
(RFS) among patients who underwent radical surgery for
liver (11) and peritoneal (17) metastases. These results are
consistent with our present study. In lung metastasis, the
association between DT and prognosis was shown by
evaluating RFS (15, 16), but not OS. In our present study
concerning lung metastasis, HR for short versus long DT,
suggested a lower OS for patients with short DT, but the
difference was not statistically significant (HR=2.16,
95%CI=0.88-6.52; p=0.10). Further studies are needed to
identify the association between DT and the prognosis for
lung metastasis.
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Table IV. Univariate and multivariate analyses of risk factors of overall survival after metachronous peritoneal metastases of CRC.
Factors

Gender (Male/Female)
Age (≤65/>65 years)
Primary lesion
Site (Colon/Rectum)
Histology (Other/Differentiated)
Vascular Invasion (+/–)
Lymph invasion (+/–)
Tumor stage (T4/T1-3)
N stage (N1-2/N0)
Examined LN (0-11/≥12)
Distant metastasis (+/–)
CEA level (>5.0/≤5.0 ng/ml)
Adjuvant chemotherapy (+/–)
Metachronous lesion
Peritoneal DT (≤137/>137 days)
PCI (≥10/<10)
Concurrent metastases (+/–)
Resection (–/+)

Univariate

HR (95%CI)

0.78 (0.49-1.28)
0.64 (0.40-1.01)
1.72
3.59
1.37
1.78
1.37
2.26
1.05
1.15
1.04
1.52

5.13
3.28
1.64
10.0

(1.09-2.72)
(1.76-6.71)
(0.74-2.85)
(1.14-2.81)
(0.88-2.16)
(1.36-3.92)
(0.62-1.70)
(0.70-1.85)
(0.65-1.64)
(0.95-2.44)

(2.36-13.5)
(1.64-6.10)
(1.04-2.56)
(5.21-21.3)

Multivariate

p-Value

HR (95%CI)

p-Value

0.02
0.001
0.34
0.01
0.16
0.001
0.86
0.58
0.86
0.08

1.30 (0.74-2.32)
2.46 (1.07-5.26)

0.37
0.03

3.25 (1.58-7.08)

0.001

0.33
0.06

<0.001
0.001
0.03
<0.001

1.09 (0.57-2.08)

2.53
2.47
1.29
7.34

(1.09-6.96)
(1.06-5.44)
(0.69-2.40)
(3.17-19.1)

0.79

0.03
0.04
0.43
<0.001

CEA: Carcinoembryonic antigen; CI: confidence interval; CRC: colorectal cancer; DT: doubling time; HR: hazard ratio; LN: lymph node; PCI:
peritoneal cancer index.

OS rates were significantly better in patients who underwent
radical surgery than in those who did not, both in short and
long DT groups for any metastatic lesion. In previous studies,
the prognosis in patients with metastases of CRC was
improved by surgical resection in the liver (1, 2), lung (2, 3),
and peritoneum (4-8). Therefore, surgical resection is
recommended in the Japanese guidelines for the treatment of
CRC (18). Our finding that surgical resection was beneficial
regardless of the length of DT supports this idea. Moreover, the
analysis of the interaction test showed that the impact of
surgical resection was significantly higher in patients with long
DT than in those with short DT in liver and peritoneal
metastases. Therefore, patients with long DT were considered
better candidates for surgical resection of liver and peritoneal
metastases than those with short DT. In patients with short DT,
the 5-year OS rates in those who underwent radical surgery
were 53.0% and 71.1% in liver and lung metastases,
respectively; however, most patients with peritoneal metastasis
who underwent radical surgery died within 5 years. In addition,
surgical resection for metastatic lesions can be sometimes
invasive. Therefore, the decision on surgical resection for
peritoneal metastasis with short DT should be made carefully.
The median DT in our study was shorter than that reported
in previous studies (16, 17, 20), which maybe because of the
difference in the inclusion criteria. While previous studies were
designed only for those patients who underwent radical surgery
for metastases, our study was designed for all recurrent patients
including those who underwent radical surgery and those treated

non-operatively. In the present study, DT in patients treated nonoperatively was shorter than that in patients who underwent
surgical resection. DT in patients who underwent surgical
resection was consistent with that reported in previous studies.
The tumor progression in patients with short DT was considered
rapid and unresectable. The prognosis in patients who
underwent radical surgery was significantly better than that in
patients treated non-operatively even in the short DT group.
Therefore, it is important to detect recurrences at an early stage
before they become unresectable through surveillance after
surgical resection. There are conflicting reports about whether
intensive surveillance improves the patient’s OS (21-24) or not
(25-29). Surveillance schedule in Japan (18) is more intensive
than that in Europe and the United States (30-32). Because
tumors with short DT are associated with low surgical resection
rates, intensive surveillance may improve the prognosis in the
short DT group. A large-sized prospective study that evaluates
not only the prognosis but also the radiation exposure from the
use of CT and the cost of medical care is necessary to propose
an optimal surveillance schedule.
This study has several limitations. First, due to its
retrospective nature, prospective studies are needed to verify
whether surgical resection for metastases really improves
prognosis. Second, the number of patients treated nonoperatively in the long DT group was small, restricting the
ability to demonstrate that the effect of surgical resection of
lung metastasis was better in the long than in the short DT
group. Third, definitive cut-off values for DT remain unclear.
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Figure 1. Overall survival curves after metachronous a) liver, b) lung, and c) peritoneal metastases of CRC according to DT. CRC: Colorectal
cancer; DT: doubling time.

Figure 2. Overall survival curves after metachronous a) liver, b) lung, and c) peritoneal metastases of CRC according to DT and surgical resection.
CRC: Colorectal cancer; DT: doubling time.

Although we determined the cut-off values according to
previous studies to compare our data with them, further
validation is needed to establish the best cut-off values.
In conclusion, short DT was shown to be an independent
risk factor for poor OS in patients with metachronous liver and
peritoneal metastases of CRC. Surgical resection is
recommended for resectable metastatic lesions to improve the
prognosis of patients with metachronous metastases regardless
of the length of DT. Especially, patients with long DT were
3372

shown to be better candidates for surgical resection of liver
and peritoneal metastases than those with short DT. However,
the decision on intensive surgical resection for peritoneal
metastasis with short DT should be carefully considered.
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