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[ Abstract] Background and purpose: Metastasis remains the cause of 90% of death from cancer. By analyzing the distribution
of metastatic sites and survival status of 20 000 metastatic cancer patients from a hospital-based cancer registry database, this study
provides the real-world data for the cancer treatment and survival management in China. Methods: A total of 20 067 cancer patients
who were diagnosed as having metastatic caner or developed metastasis during the follow-up in Fudan University Shanghai Cancer
Center from 2008 to 2017 were included in this study. Medical records review, telephone visits and death registry data linkage were
applied in collecting endpoint data. The first follow-up date was the diagnosis date of metastasis, and the last follow-up date was
November 1, 2020. Kaplan-Meier method was applied in evaluating the 1-, 3- and 5-year overall survival (OS) rates for overall
cancer and site-specific cancer patients. Results: The median follow-up time was 46.7 months, 13 170 cases died during the follow-
up, 60.05% was single-site metastasis, and 39.95% was multiple-site metastasis. Among all metastable sites, the proportion of
metastasis to liver was 33.82%, 26.25% to lung, 26.22% to bone, and 9.22% to brain. The incidence of brain metastasis was the
highest in lung cancer patients among all cancer types (31.14%). Liver was the most frequent metastatic site in pancreatic cancer
(77.85%), and bone was the most frequent metastatic site in patients with prostate cancer (83.20%). Subgroup analysis showed that
liver metastasis was easier to be observed in males than in females (35.46% vs 31.89%, P<0.001), whereas lung, bone and brain
metastases were more frequently to be observed in females (24.96% vs 27.76%, 25.26% vs 27.34%, 8.34% vs 10.25, P<0.001). After
metastasis, the 1-, 3- and 5-year OS rates of overall cancer were 65.59% (95% CI: 64.90-66.27), 33.42% (95% CI: 32.69-34.16) and
21.12% (95% CI: 20.39-21.84), respectively. Conclusion: The metastasis patterns for different cancer sites are different, and there is
sex heterogeneity. Currently, the survival rate after metastasis is poor, and the future research combining with treatment strategies is
required to improve the survival of advanced-stage cancer patients.
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FUSCC: Fudan University Shanghai Cancer Center
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Tab.1 Baseline characteristics of cancer patients in this study from 2008 to 2017

[n(%)]
Item All patients Metastatic patients before treatment” Metastatic patients after treatment”
Case n 20 067 9595 10472
Age/year;cis 56.0+12.1 57.0+11.9 55.0+12.2
Gender
Male 10 823 (53.93) 5732 (59.74) 5091 (48.62)
Female 9244 (46.07) 3 863 (40.26) 5381 (51.38)

Year of diagnosis

2008-2012 6320 (31.49)
2013-2017 13 747 (68.51)
Cancer site
Head and neck’ (C00-C10, C12-C14) 155 (0.77)
Nasopharynx (C11) 732 (3.65)
Esophagus (C15) 1234 (6.15)
Stomach (C16) 1 859 (9.26)
Small intestine (C17) 64 (0.32)
Colorectum (C18-C21) 3343 (16.66)
Liver (C22) 435 (2.17)
Gallbladder (C23-C24) 183 (0.91)
Pancreas’ (C25) 1 878 (9.36)
Pancreatic neuroendocrine tumor’ (C25.4) 123 (0.61)
Lung (C34) 3680 (18.34)
Bone and soft tissues (C40-C42; C45-C49) 347 (1.73)
Malignant melanoma (C43-C44) 328 (1.63)
Breast (C50) 2 448 (12.20)
Cervix uteri (C53) 616 (3.07)
Corpus uteri (C54-C55) 97 (0.48)
Ovary (C56) 591 (2.95)
Prostate (C61) 649 (3.23)
Kidney (C64) 358 (1.78)
Bladder (C67) 98 (0.49)
Central nervous system (C70-C72) 7(0.03)
Thyroid (C73) 298 (1.49)
Lymphoma (C81-C85, C96) 86 (0.43)
Others 458 (2.28)

2449 (25.52)
7 146 (74.48)

3871 (36.97)
6601 (63.03)

51(0.53) 104 (0.99)
146 (1.52) 586 (5.60)
389 (4.05) 845 (8.07)

1066 (11.11) 793 (7.57)

40 (0.42) 24(0.23)

1723 (17.96) 1 620 (15.47)
247 (2.57) 188 (1.80)
143 (1.49) 40 (0.38)

1 435 (14.96) 443 (4.23)

93 (0.97) 30 (0.29)

2187 (22.79) 1493 (14.26)
125 (1.30) 222 (2.12)
135 (1.41) 193 (1.84)
548 (5.71) 1900 (18.14)

75 (0.78) 541 (5.17)
22(0.23) 75 (0.72)
172 (1.79) 419 (4.00)
407 (4.24) 242 (2.31)
177 (1.84) 181 (1.73)
22 (0.23) 76 (0.73)
4(0.04) 3(0.03)
107 (1.12) 191 (1.82)
16 (0.17) 70 (0.67)
265 (2.76) 193 (1.84)

": Metastatic patients before first treatment in FUSCC; *: Patients developed metastasis after treatment in FUSCC during the follow-up; : Thyroid (C73)
and nasopharynx (C11) were excluded from the head and neck category; *: Pancreatic neuroendocrine tumor (C25.4) was excluded from pancreatic

cancer category
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Tab. 2 Distribution of metastases in overall and site-specific cancers

[n(%)]
Cancer sites
Metastatic sites
Overall Lung Colorectum Breast Pancreas Stomach
Total 20 067 3680 3343 2448 1878 1859
Single-site 12 050 (60.05) 2015 (54.76) 2006 (60.01) 1250 (51.06) 1 448 (77.10) 1046 (56.27)
Multiple-sites 8017 (39.95) 1 665 (45.24) 1337 (39.99) 1198 (48.94) 430 (22.90) 813 (43.73)
Liver 6786 (33.82) 516 (14.02) 1 924 (57.55) 793 (32.39) 1462 (77.85) 719 (38.68)
Liver only 3853 (19.20) 141 (3.83) 1 147 (34.31) 216 (8.82) 1204 (64.11) 422 (22.70)
Liver and other 2933 (14.62) 375 (10.19) 777 (23.24) 577 (23.57) 258 (13.74) 297 (15.98)
Lung 5267 (26.25) 946 (25.71) 1142 (34.16) 900 (36.76) 143 (7.61) 176 (9.47)
Lung only 2355(11.74) 290 (7.88) 456 (13.64) 300 (12.25) 53(2.82) 63 (3.39)
Lung and other 2912 (14.51) 656 (17.83) 686 (20.52) 600 (24.51) 90 (4.79) 113 (6.08)
Bone 5261 (26.22) 1635 (44.43) 314 (9.39) 1285 (52.49) 91 (4.85) 185 (9.95)
Bone only 2392(11.92) 672 (18.26) 70 (2.09) 513 (20.96) 23(1.22) 65 (3.50)
Bone and other 2 869 (14.30) 963 (26.17) 244 (7.30) 772 (31.54) 68 (3.62) 120 (6.46)
Brain 1851 (9.22) 1146 (31.14) 83 (2.48) 350 (14.30) 5(0.27) 36 (1.94)
Brain only 811 (4.04) 551 (14.97) 19 (0.57) 107 (4.37) 2(0.11) 18 (0.97)
Brain and other 1040 (5.18) 595 (16.17) 64 (1.91) 243 (9.93) 3(0.16) 18 (0.97)
Metastatic sites Cancer sites
Esophagus Nasopharynx Prostate Cervix uteri Ovary Others
Total 1234 732 649 616 591 3037
Single-site 686 (55.59) 441 (60.25) 505 (77.81) 445 (72.24) 330 (55.84) 1 878 (61.84)
Multiple-site 548 (44.41) 291 (39.75) 144 (22.19) 171 (27.76) 261 (44.16) 1159 (38.16)
Liver 264 (21.39) 227 (31.01) 32(4.93) 66 (10.71) 166 (28.09) 617 (20.32)
Liver only 138 (11.18) 90 (12.30) 10 (1.54) 45(7.31) 86 (14.55) 354 (11.66)
Liver and other 126 (10.21) 137 (18.72) 22 (3.39) 21 (3.41) 80 (13.54) 263 (8.60)
Lung 393 (31.85) 228 (31.15) 48 (7.40) 237 (38.47) 49 (8.29) 1 005 (33.09)
Lung only 222 (17.99) 143 (19.54) 11 (1.69) 188 (30.52) 21 (3.55) 608 (20.02)
Lung and other 171 (13.86) 85 (11.61) 37 (5.70) 49 (7.95) 28 (4.74) 397 (13.07)
Bone 190 (15.40) 328 (44.81) 540 (83.20) 88 (14.29) 28 (4.74) 577 (19.00)
Bone only 97 (7.86) 167 (22.81) 441 (67.95) 59 (9.58) 8(1.35) 277 (9.12)
Bone and other 93 (7.54) 161 (21.99) 99 (15.25) 29 (4.71) 20 (3.38) 300 (9.88)
Brain 44 (3.57) 12 (1.64) 6(0.92) 23 (3.73) 40 (6.77) 106 (3.49)
Brain only 15(1.22) 6(0.82) 3(0.46) 12 (1.95) 27 (4.57) 51(1.68)
Brain and other 29 (2.35) 6(0.82) 3(0.46) 11 (1.79) 13 (2.20) 55(1.81)
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Fig.2 Distribution of metastases in overall and site-specific cancers by gender

A: Overall cancer; B: Lung cancer; C: Colorectal cancer; D: Pancreatic cancer; E: Stomach cancer; F: Esophageal cancer; G: Nasopharyngeal cancer.
: P<0.05, compared with each other; : P<0.01, compared with each other; : P<0.001, compared with each other
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Tab.3 Overall survival rates of overall and site-specific cancer patients after metastasis

Site Number of deaths/ Median follow-up OS rate/% (95% CI)
cases months (95% CI) 1-year 3-year 5-year
Overall 13 170/20 067 46.70 (45.57-47.53) 65.59 (64.90-66.27) 33.42 (32.69-34.16) 21.12 (20.39-21.84)
Lung 2 547/3 680 51.43 (48.60-54.37) 66.32 (64.72-67.92) 32.27 (30.58-33.96) 16.98 (15.42-18.53)
Colorectum 2 142/3 343 49.10 (46.83-50.87) 77.08 (75.62-78.54) 38.94 (37.12-40.76) 23.06 (21.22-24.91)
Breast 1371/2 448 45.27 (43.13-47.80) 79.00 (77.32-80.69) 43.95 (41.68-46.22) 27.53 (25.16-29.90)
Pancreas 1 606/1 878 42.97 (39.20-49.83) 28.65 (26.48-30.82) 4.84 (3.71-5.96) 1.88 (0.98-2.79)
Stomach 1 448/1 859 48.87 (42.70-54.40) 51.44 (49.05-53.82) 15.14 (13.28-16.99) 8.94 (7.29-10.59)
Esophagus 867/1 234 52.17 (47.20-58.40) 55.51 (52.58-58.44) 25.77 (23.03-28.50) 16.99 (14.41-19.56)
Nasopharynx 413/732 47.20 (43.97-50.70) 79.69 (76.65-82.72) 46.63 (42.52-50.73) 29.57 (25.21-33.93)
Prostate 226/649 39.73 (37.70-42.43) 91.23 (88.99-93.46) 72.19 (68.37-76.01) 54.92 (49.48-60.36)
Cervix uteri 372/616 39.40 (33.53-43.60) 62.70 (58.68-66.72) 33.30 (28.98-37.63) 23.53 (19.00-28.06)
Ovary 381/591 47.73 (42.70-57.63) 75.95 (72.39-79.51) 39.84 (35.48-44.19) 25.00 (20.57-29.43)
Others 1797/3 037 44.60 (41.93-47.50) 64.95 (63.16-66.73) 38.42 (36.48-40.36) 28.95 (26.93-30.97)
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