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Abstract: Objective: To investigate the incidence, prognosis, and treatment modality of different metastatic sites in 
cervical cancer. Methods: We used the surveillance epidemiology and end results (SEER) database to collect cervical 
cancer patients with metastasis from 2010-2016. Kaplan-Meier survival analyses and log-rank tests were used to 
compare overall survival between groups. Univariate and multivariate Cox proportional hazards regression analyses 
were used for identifying the prognostic factors in metastatic cervical cancer. Results: In total, 1347 patients with 
distant metastatic cervical cancer were selected for the study. The average age of patients with metastatic cervical 
cancer was 57 years old. Unmarried white patients were the majority. About 7.9%, 53.3%, and 64.6% patients were 
treated with surgery, radiation, and chemotherapy, respectively. Additionally, lungs were the most common meta-
static sites. The survivals of single-site metastases were similar, which were better than multi-organ metastases. 
Lung metastatic patients were older than other metastatic patients, and with poorer differentiation and higher stage 
tumors. In terms of treatment, bone metastatic patients were more commonly treated with radiotherapy (68.4%) 
than other metastatic patterns. Surgery, radiation, and chemotherapy all prolonged survival months of single-site 
and multi-site metastatic patients. Furthermore, age, ethnicity, tumor stage, surgery, radiotherapy, chemotherapy, 
and metastatic sites were independent prognostic factors for patients with metastatic cervical cancer. Conclusions: 
This large-population based study showed that the most common metastatic site of cervical cancer is lung. Although 
lung metastatic patients harbor older ages and poorer differentiation and higher stage tumors than other sites, the 
prognosis of lung metastasis is similar to other single metastatic sites. However, the single-site metastatic patients 
survive longer than multi-site metastatic patients. Surgery, radiotherapy, and chemotherapy all bring benefit to pa-
tients with metastases, which may guide the treatment in metastatic cervical cancers.
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Introduction

Cervical cancer is one of the most common 
malignancies in the female genital tract sys-
tem. It is the second leading cause of cancer 
mortality in women aged 20 to 39 years [1]. 
Regardless of the several strategies for preven-
tion, diagnosis, and treatment that are applied 
to the disease, the prognosis of cervical cancer 
patients remains poor, especially in metasta- 
tic patients. Previous studies have shown that 
the median survival time of metastatic cervical 
cancer is only 8-13 months, and the 5-year sur-
vival rate is 16.5% [2, 3]. Due to the poor prog-
nosis, metastatic cervical cancer has become 
one of the main challenges in the world.

Previous studies have shown that the outcome 
varied between different metastatic sites in 
breast, ovarian, liver, and pancreatic cancers et 

al. [4-7]. For instance, the prognosis of lung 
metastatic patients is worse than liver meta-
static patients in ovarian cancer [4]. However, 
lung metastatic patients present a superior 
survival rate compared with liver metastatic 
patients in pancreatic adenocarcinoma [6]. Th- 
us, the survival of patients with different meta-
static sites is different. Assessing the progno-
sis of different metastatic sites can help with 
therapeutic strategies, as well as evaluation of 
prognosis. However, due to the rarity of distant 
metastasis in cervical cancer [8], the treatment 
pattern and prognosis of different metastatic 
sites are not fully understood. Yin (2019) is one 
of the first to examine the impact of metasta- 
tic sites on the survival of cervical cancer. His 
research of 99 Chinese metastatic cervical 
cancer revealed that the site of metastasis  
has a relationship with overall survival, with 
liver metastasis representing a particularly 
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poor prognosis [9]. So far, however, there has 
been little discussion about metastatic cervi- 
cal cancer in western countries. In addition, a 
large-population based study is still lacking.

In this paper, we analyzed 1347 metastatic cer-
vical cancer patients from surveillance epide-
miology and end results (SEER) database for 
the following aims: (1) to investigate the inci-
dence of different metastatic sites in cervical 
cancer; (2) to explore the relationship among 
site-specific patterns of metastasis and overall 
survival of metastatic cervical cancer; (3) to  
discover the treatment pattern of different met-
astatic sites.

Methods and materials

Study population

The SEER program of the National Cancer 
Institute consists of population-based regis-
tries that collect demographic, clinical, pathol-
ogy, and treatment characteristics, as well as 

Statistical analysis

Descriptive statistics for demographic variabl- 
es and tumor variables were performed by the 
Student’s t-test for continuous variables and 
the Chi-square test for categorical variables. 
Kaplan-Meier survival analyses and log-rank 
tests were used to compare overall survival 
between groups. Univariate and multivariate 
Cox proportional hazards regression analyses 
were used for identifying prognostic factors in 
metastatic cervical cancer. All statistical tests 
were 2-tailed and a P<0.05 was considered 
statistically significant. Statistical tests were 
performed using SPSS version 25 statistical 
software (IBM Corp., version 25.0; NY, USA).

Results

Demographic and tumor characteristics 

In total, 1347 patients with distant metastatic 
cervical cancer were selected for the study.  

Figure 1. Flowchart of patient selection.

vital status. We used SEER da- 
ta released in November 2017, 
which included data from 18 
population-based cancer regis-
tries and covered approxima- 
tely 28% of US cancer patients. 
Patients with organ metasta-
ses (brain, liver, lung and bone) 
of newly diagnosed cervical 
cancer at SEER from 2010 to 
2016 were reviewed. The in- 
clusion criteria included prima-
ry tumor, with survival time, wi- 
th newly diagnosed metastas- 
is et al. The flow chart is sh- 
own in Figure 1.

Variables 

Demographic variables of in- 
terest included age at diagno-
sis, race, marital status, and 
region based on SEER registry. 
Tumor variables of interest in- 
cluded tumor grade, tumor st- 
age, and metastatic sites. Tre- 
atment variables of interest in- 
cluded surgery, radiation, and 
chemotherapy. Vital variables 
of interest included vital sta- 
tus and survival time.
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The demographic and tumor characteristics 
were shown in Table 1. The average age of 
patients with metastatic cervical cancer was 
57.00±14.292 years old, with 40.5% older th- 
an 60. Whites accounted for 72.4%, while 
blacks accounted for 18.3%. Unmarried pa- 
tients (including single, widowed, and divorc- 
ed) accounted for 61.9%. Poorly differentiated 
tumors (40.2%), T3 stage tumors (38.2%) are 
mainly. Additionally, 56.9% patients were ac- 
companied by lymph node metastasis. 7.9% 
patients were treated with surgery. 53.3% pa- 
tients were treated with radiation. 64.6% pa- 
tients were treated with chemotherapy. 

ses. The prognosis of multi-site metastasis  
was worse than single-site metastasis (Figure 
2). To explore the effect of treatment modality 
on the prognosis, we performed KM analysis. 
The results showed that surgery, radiation, and 
chemotherapy all prolonged survival months of 
single-site and multi-site metastatic patients 
(Figure 3). Further, to investigate the prognos- 
tic factors, we performed univariate and multi-
variate Cox regression analysis. We found that 
age, ethnicity, tumor stage, surgery, radiothera-
py, chemotherapy, and metastatic sites were 
independent prognostic factors for patients 
with metastatic cervical cancer (Table 4). 

Table 1. Patient demographics and clinical characteris-
tics (n=1347)
Characteristics Level Number (%)
Age at diagnosis Mean ± SD 57.00±14.292

Median (range) 57 (16~99)
≤60 802 (59.5%)
>60 545 (40.5%)

Race White 975 (72.4%)
Black 247 (18.3%)

Asian or Pacific Islander 111 (8.2%)
Others/Unknown 14 (1.0%)

Marital status Married 449 (33.3%)
Unmarried 834 (61.9%)
Unknown 64 (4.8%)

Tumor grade Well differentiated 18 (1.3%)
Moderately differentiated 242 (18.0%)

Poorly differentiated 542 (40.2%)
Undifferentiated 66 (4.9%)

Unknown 479 (35.6%)
AJCC T Stage T1 153 (11.4%)

T2 232 (17.2%)
T3 515 (38.2%)
T4 172 (12.8%)
TX 275 (20.4%)

AJCC N Stage N0 374 (27.8%)
N1 767 (56.9%)
NX 206 (15.3%)

Surgery Yes 106 (7.9%)
None/Unknown 1241 (92.1%)

Radiation Yes 718 (53.3%)
None/Unknown 629 (46.7%)

Chemotherapy Yes 870 (64.6%)
No/Unknown 477 (35.4%)

Note: RT, Radiation therapy.

Frequency of organ metastasis

Distribution of metastatic sites was sh- 
own in Table 2. Single-site metastasis 
accounted for 68.7%, and multi-organ 
metastases were relatively rare. In sin-
gle-site metastasis, lung metastasis was 
the most common, accounting for 37.9% 
of all patients, followed by bone metasta-
sis (16.7%), and liver metastasis (12.5%). 
Brain metastases were uncommon, on- 
ly accounted for 1.6%. In patients with 
multi-organ metastases, lung plus liver 
metastases and lung plus bone metasta-
ses were more common than other multi-
organ metastases.

Characteristics in different metastatic 
sites

Table 3 showed the characteristics of  
different metastatic organs. The age of 
patients with lung metastases was older 
than that of patients with other metasta-
ses. No difference was found between 
metastatic sites in marriage and ethnici-
ty. Patients with lung metastases and 
multi-organ metastases had poorer dif-
ferentiation and higher stage. In terms of 
treatment, bone metastatic patients we- 
re more commonly treated with radio- 
therapy (68.4%) than other metastatic 
patterns. There were no significant differ-
ences between metastatic sites in sur-
gery and chemotherapy.

Prognosis 

The KM curve showed that the prognosis 
was similar between single-site metasta-
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Discussion and conclusions

This large-population based study, which in- 
clude 1347 patients with distant metastatic 
cervical cancer, revealed the following phenom-
enon: (1) The most common metastatic site  
of cervical cancer was the lung. (2) The prog- 
nosis of single-site metastasis was similar. 
However, the single-site metastatic patients 
survived longer than multi-site metastatic pa- 
tients. (3) Surgery, radiotherapy, and chemo-
therapy all brought benefit to patients with me- 
tastases. (4) Age, race, tumor stage, surgery, 
radiotherapy, chemotherapy, and metastatic 
sites were independent prognostic factors for 
patients with metastatic cervical cancer.

Our study showed that the most common sin- 
gle metastatic site for cervical cancer was the 
lung (37.9%), followed by bone (16.7%). Con- 
sistent with our study, Carlson et al. studied 
341 patients who developed distant metas- 
tasis and discovered that lung metastasis 
(36.3%) and bone metastasis (16.3%) were the 
most prevalent metastasis in cervical cancer 
[10]. The preference of lung and bone metas- 
tases in cervical cancer was also observed by 
Hwang and Zighelboim [11, 12]. Referring to 
the mechanism of the frequent lung metasta-
sis, “seed and soil” hypothesis may be an ex- 
planation [13]. In other words, lung may have  
a favorable microenvironment which may ben-
efit cervical cancer cell survival and prolifera-
tion. Cervical cancer cells may transform them-

selves to adapt to lung. For instance, a study 
showed that cervical cancer cells can promo- 
te lung metastasis by upregulating CXCR4, a 
receptor of chemokine [13]. Surprisingly, one 
study from China reported that bone metasta-
sis in cervical cancer is more common than 
lung metastasis [9], which may be explained by 
the ethnicity discrepancy and different usage 
rate of bone scans. It would be interesting to 
assess the effects of ethnicity of metastatic 
pattern in cervical cancer.

In terms of clinical characteristics of the vari-
ous metastatic sites, about half of the patients 
with lung metastases were older than 60, while 
less than 40% of the patients with other me- 
tastases were older than 60. This is consi- 
stent with Yamamoto’s work which showed that 
half of the patients with lung metastases were 
older than 60 years old [14]. Since lung is the 
most common metastatic site in cervical can-
cer, we suspected that the clinician may scre- 
en the lung rather than other sites for older 
patients. As a result, the lung metastatic pa- 
tients showed older than other site metastatic 
patients. Another phenomenon of lung metas-
tasis was the poorer differentiation and higher 
tumor grade compared with other oligometa-
static patients. One speculation concerns the 
features of high malignancy of cervical cancer 
cells which metastases to lung.

Although cervical cancer patients with lung 
metastases were older and with higher malig-

Table 2. Frequencies of combination metastasis (n=1347)
metastatic site number Percentage (%)
One site Lung 511 37.9

Bone 225 16.7
Liver 168 12.5
Brain 21 1.6

Two sites Lung and liver 123 9.1
Lung and bone 108 8.0
Lung and brain 19 1.4
Liver and bone 59 4.4
Liver and brain 2 0.1
Bone and brain 12 0.9

Three sites Lung and liver and bone 78 5.8
Lung and liver and brain 6 0.4
Lung and bone and brain 9 0.7
Liver and bone and brain 1 0.1

Four sites all 5 0.4
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Table 3. Patient characteristics by metastatic site (n=1347)

Characteristics Level
metastatic site

P value
Bone (n=225) Brain (n=21) Liver (n=168) Lung (n=511) >1 Site (n=422)

Age at diagnosis Mean ± SD 56.12±14.06 55.38±13.13 56.85±14.69 58.53±14.70 55.75±13.69 0.036
Median (range) 56 (24~98) 59 (35~75) 58 (24~96) 58 (25~99) 56 (16~93)

≤60 138 (61.3%) 13 (61.9%) 103 (61.3%) 278 (54.4%) 270 (64.0%) 0.047
>60 87 (38.7%) 8 (38.1%) 65 (38.7%) 233 (45.6%) 152 (36.0%)

Race White 173 (76.9%) 15 (71.4%) 116 (69.0%) 376 (73.6%) 295 (69.9%)
Black 36 (16.0%) 4 (19.0%) 38 (22.6%) 90 (17.6%) 79 (18.7%) 0.156
Asian 15 (6.7%) 0 (0.0%) 12 (7.1%) 41 (8.0%) 43 (10.2%)

Others/Unknown 1 (0.4%) 2 (9.5%) 2 (1.2%) 4 (0.8%) 5 (1.2%)
Marital status Married 75 (33.3%) 8 (38.1%) 53 (31.5%) 161 (31.5%) 152 (36.0%) 0.705

Unmarried 142 (63.1%) 12 (57.1%) 107 (63.7%) 328 (64.2%) 245 (58.1%)
Unknown 8 (3.6%) 1 (4.8%) 8 (4.8%) 22 (4.3%) 25 (5.9%)

Tumor grade Low 54 (24.0%) 6 (28.6%) 28 (16.7%) 115 (22.5%) 57 (13.5%) <0.001
High 87 (38.7%) 6 (28.6%) 67 (39.9%) 229 (44.8%) 219 (51.9%)

Unknown 84 (37.3%) 9 (42.9%) 73 (43.5%) 167 (32.7%) 146 (34.6%)
AJCC T Stage T1 24 (10.7%) 2 (9.5%) 21 (12.5%) 45 (8.8%) 61 (14.5%) 0.045

T2 39 (17.3%) 5 (23.8%) 34 (20.2%) 89 (17.4%) 65 (15.4%)
T3 100 (44.4%) 5 (23.8%) 52 (31.0%) 208 (40.7%) 150 (35.5%)
T4 27 (12.0%) 2 (9.5%) 28 (16.7%) 69 (13.5%) 46 (10.9%)
TX 35 (15.6%) 7 (33.3%) 33 (19.6%) 100 (19.6%) 100 (23.7%)

Lymph Node Metastases N0 65 (28.9%) 4 (19.0%) 55 (32.7%) 142 (27.8%) 108 (25.6%) 0.105
N1 135 (60.0%) 10 (47.6%) 82 (48.8%) 293 (57.3%) 247 (58.5%)
NX 25 (11.1%) 7 (33.3%) 31 (18.5%) 76 (14.9%) 67 (15.9%)

Surgery Yes 17 (7.6%) 0 (0.0%) 19 (11.3%) 44 (8.6%) 26 (6.2%) 0.155
None/Unknown 208 (92.4%) 21 (100.0%) 149 (88.7%) 467 (91.4%) 396 (93.8%)

Beam Radiation Yes 154 (68.4%) 10 (47.6%) 83 (49.4%) 258 (50.5%) 213 (50.5%) <0.001
None/Unknown 71 (31.6%) 11 (52.4%) 85 (50.6%) 253 (49.5%) 209 (49.5%)

Chemotherapy Yes 152 (67.6%) 12 (57.1%) 116 (69.0%) 332 (65.0%) 258 (61.1%) 0.281
No/Unknown 73 (32.4%) 9 (42.9%) 52 (31.0%) 179 (35.0%) 164 (38.9%)
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nancy, the prognosis of lung metastasis and 
other single metastases were similar, with a 
median survival of 9 months in lung metasta-
sis, 7 months in liver metastasis, 6 months in 
brain metastasis, and 8 months in bone me- 
tastasis. It is consistent with previous resear- 
ch which showed that cervical cancer patients 
have 7-10 months of survival months with lung, 
bone, or brain metastases [15-17]. However, it 
is somewhat surprising since several previous 
studies indicate that liver metastasis may ex- 
hibit a worse outcome (Yin et al., 2019; Kim  
et al., 2017). For example, Yin’s study, contain-
ing 99 Chinese cervical cancer patients with 
metastasis showed that liver metastatic pa- 
tients have signifying particularly poor overall 
survival than other metastasis [9]. Kim’s re- 
search also found that patients with recurren- 
ce in lung after treatment have a better out-
come than with recurrence in liver after treat-
ment [18]. One explanation for this variation is 
that the racial or post-treatment metastasis 
may play a role. Further study is needed to  
find whether the liver metastatic patients have 
poorer prognosis.

In terms of treatment, our results showed that 
surgery, radiotherapy, and chemotherapy can 
improve the prognosis of single-site and multi-
site metastases. These results reflected those 
of Ning et al. (1992) who also found that radia-
tion therapy can local control oligometastatic 
cervical cancer and improve survival [19]. A 
review from li et al. showed that surgery, che-
motherapy, and the combination of surgery and 

chemotherapy are valuable treatments of lung 
metastatic patients [3, 12, 20, 21]. Chemo- 
therapy and radiotherapy in bone are promis- 
ing for patients with bone or brain metastasis 
[3]. Accordingly, our results showed that multi-
organ metastatic cervical cancer can also  
benefit from radiotherapy, which suggest a pro-
active treatment in those multisite metastatic 
patients. Further investigation and experimen-
tation into the effect of treatment in multisite 
metastatic cervical cancer patients is strongly 
recommended.

As for prognostic factors, Basta showed that 
age, clinical stage, grade, and treatment are 
significant factors in survival of cervical cancer 
patients [22]. Consistent with these factors,  
we also found that age, tumor stage, surgery, 
radiotherapy, and chemotherapy were indepen-
dent prognostic factors. Additionally, we fur- 
ther discovered that race and metastatic sites 
are also prognostic factors. The Asian or Pacific 
Islander has lower motility compared with whi- 
te patients, which further support the idea of 
Asian survival advantage in cervical cancer 
[23].

Similar to other studies using SEER as a data 
source, there are also some flaws in our study. 
First, the data we analyzed is retrospective in 
nature and there is inherent selection bias 
despite our effort to control for confounding 
variables. Furthermore, the metastatic sites 
other than brain, lung, liver, and bone were not 
included. Additionally, there is no detailed che-

Figure 2. Kaplan-Meier curves of the overall survival in cervical cancer. A. Stratified by different metastatic location 
(bone vs. brain: P=0.107; bone vs. liver: P=0.108; bone vs. lung: P=0.983; bone vs. >1 site: P<0.001; brain vs. liver: 
P=0.349; brain vs. lung: P=0.068; brain vs. >1 site: P=0.636; liver vs. lung: P=0.080; liver vs. >1 site: P=0.002; lung 
vs. >1 site: P<0.001). B. Stratified by different metastases number (P<0.001).
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Figure 3. Kaplan-Meier curves of the overall survival in cervical cancer when stratified by treatment and metastases 
number. A. Surgery in single metastatic patients; B. Surgery in multi-site metastatic patients; C. Radiation in single 
metastatic patients; D. Radiation in multi-site metastatic patients; E. Chemotherapy in single metastatic patients; F. 
Chemotherapy on multi-site metasta patients.

motherapy drug information and detailed dose 
of radiation, thus we cannot further analyze  
the precise effect of chemo-drugs. Finally, the 
misclassification may be a concern of the SEER 
database for years. Despite these limitations, 
our results showed that a single metastasis 

harbor similar outcome regardless of the me- 
tastatic site; and multi-organ metastasis sh- 
owed a worse prognosis than single metasta-
sis. Surgery, radiation, and chemotherapy can 
prolong survival time of metastatic patients, 
either in single metastasis or multi-organ me- 
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tastasis. These results may contribute to the 
treatment chosen and prognosis prediction in 
the clinical practice.
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