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Abstract
This study aimed to investigate the survival and influence factors of radiation therapy on
primary tumors in patients with stage ⅣB cervical cancer. The data of 3129 stage IVB
cervical cancer patients diagnosed from 2000 to 2018 in the Surveillance, Epidemiology
and End Results (SEER) database were retrieved, and the propensity score matching
(PSM) was used to balance variate and eliminate selection bias. The Kaplan-Meier (K-
M) method was used to plot surviving profile. Univariate and multivariate analyses were
used to estimate influencing factors of surviving time of stage IVB cervical cancer. After
screening the SEER database, 3129 stage IVB cervical cancer patients were selected,
including 2166 cases (69.2%) cases with and 963 without primary radiotherapy. PSM
analysis identified 860 pairs of patients were one-to-one matched and further enrolled
of radiotherapy part as well as non-radiotherapy part (control group) respectively for
survival analysis. The K-M curve was compared among the two groups, and radiation
therapy was found to be associated with longer survival before (Hazard ratio (HR)
= 0.54,95% confidence interval (95% CI): 0.50–0.59, p < 0.001) and after (HR =
0.71, 95% CI: 0.64–0.79, p < 0.001) PSM. Multivariate Cox analysis confirmed that
patients treated with radiotherapy, chemotherapy and local surgery had greater survival
benefits, while high-grade tumor lesions, bone metastases, liver metastases and lung
metastases were associated with significantly increased mortality. The survival rates
varied among different races and were statistically different (p < 0.05). Conclusion:
Primary radiotherapy could prolong the overall survival (OS) of stage IVB cervical
cancer patients.
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1. Introduction

The human papillomavirus vaccination and cervical cancer
screening have helped prevent cervical cancer and increased
its early detection rates, which have led to a significant reduc-
tion in the occurrence of cervical cancer and its precancerous
lesions [1, 2]. However, in less developed nations, cervical
cancer is still the most frequent malignancy of women’s genital
system [3, 4]. It is ranked second as the most malignant tumor
of the female reproductive system worldwide and seriously
threatens women’s health. The staging of cervical cancer
in this study is based on the 8th edition of the American
Joint Council of Cancer (AJCC) and the International Feder-
ation of Women and Gynaecologists (FIGO) staging criteria.
Stage IVB uterine cervical cancer includes patients with distant
systemic metastasis and far-end lymph node metastasis and
excludes those with metastasized retroperitoneal abdominal
paraaortic lymph nodes. Approximately 13% of cervical can-

cer patients present with stage IV at the time of their diagnosis
[5], and about 3% have already advanced to stage IVB cervical
cancer (FIGO criteria) [6]. The prognosis of stage IVB cervical
cancer patients is dismal and requires more effort to improve
survival and quality of life.

Currently, there is no standardized treatment for metastatic
cervical cancer due to different sites of metastasis and physical
conditions of the patients, leading to poor survival ranging
between 8 and 13 months [7]. Although cervical cancer is
very sensitive to the chemotherapy, recurrence of advanced
cervical cancer is almost inevitable. Up to 70% of the patients
with lymph node metastasis suffer from local recurrence [8],
among which pelvic metastasis is the main cause of recur-
rence. Presently, systemic chemotherapy, the main treatment
for these patients, is often supplemented with radiotherapy
[9, 10]. However, few studies have explored the related factors
and the effects of radiotherapy on the primary tumor [11, 12].
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FIGURE 1. Flowchart of data selection. SEER: Surveillance, Epidemiology and End Results.

In this study, the data of patients with stage IVB cervical
cancer diagnosed from 2000 to 2018 were retrieved from the
SEER database to explore the effects of radiotherapy on their
survival and related prognostic factors.

2. Data and methods

2.1 Sources of data

All data in this study were obtained from the SEER database
using the SEER* stat software version 8.4.0 (National Can-
cer Institute, USA). The database includes eighteen cancer
registries, representing about twenty-eight percent of the US
population. In this study, 6230 cases diagnosed with stage
IVB cervical cancer from 2000 to 2018 were selected, and
their clinical and pathological data, including age, race, place
of residence, histological grading, histological type, site of
tumor metastasis, treatment, survival time and current survival
status, were assessed. The patient inclusion criteria were (1)
diagnosed with squamous cell cancer (SEER Code: 8050-
8089) or glandular cancer (SEER Code: 8140-8389); (2) had
complete clinical and pathological data; (3) received radiother-
apy at the primary site and either surgery or/and chemotherapy;
(4) had complete survival information. The exclusion criteria
were: (1) presence of multiple primary tumors (n = 270); (2)
unknown tumor grade (n = 1831); (3) unknown race (n = 7);
(4) non-epithelial cancer or not showed as cancer (n = 151);
(5) non-primary site or unknown information on radiation or
surgery of primary site (n = 93), (6) with unknown information
on metastasis to liver, lung, bone, or brain (n = 749). After the
exclusion, 3129 patients with stage IVB cervical cancer were

found eligible for this study. Fig. 1 shows a flowchart of case
selection.

2.2 statistical analysis
The R software, (version 4.0.2, The R Foundation for Sta-
tistical Computing, Vienna, Austria), was used for statisti-
cal analysis. The score matching was set at a ratio of 1:1
based on the closest proximity matching method [13, 14].
The standard deviation caliper distance between the nearest
neighbor distance and the tendency score logarithm was 0.005.
The Kaplan-Meier method was used to plot the surviving
curves, which were then compared using the log-rank test.
Univariate and multivariate analyses before and after PSM
with the Cox ratio risk model were performed to explore
independent prognosis factors and map the forest plot. p-
values less than 0.05 were considered statistically significant.

3. Results

3.1 Clinical as well as pathological features
of registered patients
In all, the data of 3129 patients with stage IVB cervical cancer
were assessed, of whom2166 (62.2%) received and 963 did not
receive primary radiotherapy. PSM was used to balance their
baseline features and avoid selective offset, based on which
860 patients were paired match in a 1:1 ratio and classified
into a radiotherapy group and non-radiotherapy group (control
group) for survival analysis (Table 1).



44

TABLE 1. Clinical and pathological characteristics between stage IVB cervical cancer patients with primary radiation
therapy and no primary radiation.

Before PSM After PSM

Variables
Primary radiation

Therapy
(n = 2166) (%)

No primary
radiation

(n = 963) (%)
p

Primary radiation
Therapy

(n = 860) (%)

No primary
radiation

(n = 860) (%)
p

Age at diagnosis (years)
<60 1475 (68.1) 558 (57.9) <0.001 494 (57.4) 512 (59.5) 0.405
≥60 691 (31.9) 405 (42.1) 366 (42.6) 348 (40.5)

Race
Black 352 (16.3) 140 (14.5) 125 (14.5) 127 (14.8)
White 1612 (74.4) 727 (75.5) 0.441 652 (75.8) 647 (75.2) 0.957
Other 202 (9.3) 96 (10.0) 83 (9.7) 86 (10.0)

Grade
G1/G2 828 (38.2) 279 (29.0) <0.001 273 (31.7) 270 (31.4) 0.917
G3/G4 1338 (61.8) 684 (71.0) 587 (68.3) 590 (68.6)

Histological type
SCC 1793 (82.8) 708 (73.5) <0.001 665 (77.3) 650 (75.6) 0.426
Adenocarcinoma 373 (17.2) 255 (26.5) 195 (22.7) 210 (24.4)
Surgery 485 (22.4) 219 (22.7) 0.865 191 (22.2) 196 (22.8) 0.817
Chemotherapy 1765 (81.5) 482 (50.1) <0.001 483 (56.2) 482 (56.0) 1.000

Distant organ/site metastasis
Bone 666 (30.7) 279 (29.0) 0.339 254 (29.5) 255 (29.7) 1.000
Brain 180 (8.3) 75 (7.8) 0.673 61 (7.1) 69 (8.0) 0.523
Liver 321 (14.8) 190 (19.7) 0.001 162 (18.8) 152 (17.7) 0.574
Lung 586 (27.1) 350 (36.3) <0.001 324 (37.7) 307 (35.7) 0.423

Distant-LN 220 (10.2) 93 ( 9.7) 0.715 87 (10.1) 89 (10.3) 0.937
Place of residence

rural 391 (18.1) 170 (17.7) <0.001 152 (15.8) 162 (18.8) 0.923
urban 1775 (81.9) 793 (82.3) 811 (84.2) 698 (81.2)

PSM: propensity score matching; LN: lymph node.

3.2 Survival analysis

The K-M curves show that the 5-year survival rate of patients
in the non-radiation therapy and radiotherapy group was 4.0%
and 10.8% before PSM (HR = 0.54; 95% CI: 0.50–0.59; p
< 0.001). After PSM, the 5-year survival rate was 4.0%
in the non-radiotherapy group and 9.2% in the radiotherapy
group (HR = 0.71; 95% CI: 0.64–0.79), and the difference was
still statistically significant. Thus, compared with the control
group, the survival rate of patients from the radiotherapy group
was significantly greater than the non-radiation therapy before
and after PSM (Fig. 2).

3.3 Univariate and multivariate Cox
analysis

After PSM, univariate Cox analysis showed that age (p <

0.001), race (p < 0.001), place of residence (p < 0.001),
histological grade (p < 0.001), primary site surgery (p <

0.001), systemic chemotherapy (p < 0.001), bone metastasis

(p< 0.001), lung metastasis (p< 0.001), liver metastasis (p<
0.001) and radiotherapy (p < 0.001) were associated with OS.
Multivariate analysis showed that race (p < 0.001), place of
residence (p< 0.001), histological grade (p< 0.001), primary
surgery (p< 0.001), systemic chemotherapy(p< 0.001), bone
metastasis (p < 0.001), lung metastasis (p < 0.001), liver
metastasis (p < 0.001), and radiotherapy (p < 0.001) were
independent factors affecting the OS of patients with stage IVB
cervical cancer (p < 0.05), indicating that age, histological
type, brain metastasis, and distant lymph node metastasis had
no effect on the OS of the patients after analysis, all these
data are shown in Table 2. Cox regression analysis for the
860 matched patients via the forest plots indicated that: (1)
The survival effect was presented as HR in this study. The
HR value for radiotherapy, chemotherapy and primary surgery
was 0.63 (95% CI: 0.56–0.70), 0.43 (95% CI: 0.39–0.48), and
0.42 (95%CI: 0.36–0.48), respectively. (2) Patients with grade
G3/G4 and metastasis in bone, liver and lung had significantly
increased mortality risk. (3) Survival rates varied by race, with
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FIGURE 2. Kaplan-Meier survival curves for stage IVB cervical cancer patients with and without radiation therapy.
(A) The survival curves of the 3129 patient cohort before propensity score matching (2166 with primary radiation therapy and
963 without primary radiation). (B) The survival curves of 860 cases in the primary radiation therapy group matched in a 1:1 ratio
with those from the non-radiation group. HR: hazard ratio; CI: confidence interval.

whites (HR = 0.74, 95% CI: 0.64–0.86) and other races (HR =
0.62, 95% CI: 0.50–0.77) having significantly higher survival
rates than blacks (p< 0.05). (4) Compared with rural patients,
urban patients had higher OS. All these data are shown in
Fig. 3.

4. Discussion

Stage IVB cervical cancer is difficult to cure due to the high
risk of hematologic metastasis or distant lymph node metas-
tasis. Currently, the most commonly accepted treatment is
chemotherapy, which can be combined with other treatments,
although multi-drug systemic treatment has shown great im-
provement in the OS of metastatic cervical cancer [15], tumor
progression has been among the most important factor leading
to the death of the patients. Based on such observations, we

investigated the effects of local radiotherapy on stage IVB
cervical cancer and its corresponding influencing factors. The
study subjects were stage IVB cervical cancer patients di-
agnosed from 2000 to 2018 from the SEER database. Our
results showed that radiation therapy on the primary tumor
could extend their survival time [6, 16, 17] and improve their
living quality and local control rate of pelvic metastases. In
general, the local invasion of cervical cancer is often accompa-
nied by pain, bleeding, secretions and other symptoms, while
improvements in the patients’ living quality are often accom-
panied by improvements in their physical condition, providing
more options for treating the metastatic lesions and further
improve their prognosis [18]. Other studies showed that the
recurrence rates after chemoradiotherapy and chemotherapy
were not significantly different [19]. Although concurrent
chemoradiotherapy was shown to provide the patients with
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FIGURE 3. Forest plot of factors influencing the survival of the 860 paired patients with cervical cancer. LN: lymph
node; HR: hazard ratio; CI: confidence interval.

a longer 5-year progression-free survival(PFS) and OS, their
risk of adverse events from radiotherapy also increased [20].
This study demonstrated that primary radiotherapy was an
important local treatment with substantial OS benefits, yet
it is worth emphasizing that it might not be appropriate for
all patients with metastatic cervical cancer [21, 22]. Primary
radiotherapy could be more suited for patients with good phys-
ical conditions, symptoms of the primary tumor, and a low
systemic tumor burden.

In this study, the proportion of patients with a survival time
of more than 5 years after primary radiotherapy was about
10%, and chemotherapy was identified as an independent
prognostic factor in these patients. However, the proportion
of patients with 5 years of OS who received radiotherapy with
or without chemotherapy was lower than that in the study of
Venigalla et al. [21], who reported that although the treatment
techniques and the systemic treatment were improved, the
overall prognosis of metastatic cervical cancer was still poor
(5-year OS rate ~15%). In this present study, our results
showed that race, histological grade, primary surgical site,
radiotherapy at the primary tumor, systemic chemotherapy,
bone metastasis, lung metastasis, and liver metastasis were
independent factors affecting the OS of stage IVB cervical

cancer. We also observed that the primary tumor surgery
was positively correlated with the OS of stage IVB cervical
cancer patients. Further, local therapy (primary surgery or
radiotherapy) improved OS because it could increase local
control and decrease the risk of life-threatening events such as
tumor progression, bleeding or invasion to adjacent structures
like the rectum and bladder [23]. Moreover, the local therapy
could reduce the risk of tumor progression by controlling
the core lesion, which could further prevent tumor metasta-
sis at new sites [21, 24]. Lastly, animal models indicated
that reducing the cells in the core lesion via radical topical
therapy might reverse tumor-associated immunosuppression
[25]. There is now increasing evidence showing that the local
treatment (radiotherapy or surgery) of the primary lesion could
prolong the survival of metastatic cervical cancer [26–31] and
decrease the mortality rate by nearly 30%, the median survival
was 3 to 4 months longer [26, 27, 32]. However, surgery
might not be suitable for all patients. Similar to primary tumor
radiotherapy, primary tumor surgery might be more suitable
for patients with good physical conditions, small metastatic
tumor burden and obvious primary tumor symptoms.
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TABLE 2. Cox proportional hazards regression analysis of patients with stage IVB cervical cancer before and after propensity score matching.

Variables Before PSM After PSM

Univariate Cox analysis Multivariate Cox analysis Univariate Cox analysis Multivariate Cox analysis

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Age (years) (“<60” as reference)

≥60 1.42 (1.30–1.54) <0.001 1.14 (1.04–1.24) 0.003 1.31 (1.18–1.46) <0.001 1.10 (0.99–1.23) 0.076

Race (“Black” as reference)

White 0.75 (0.67–0.83) <0.001 0.78 (0.70–0.87) <0.001 0.66 (0.57–0.76) <0.001 0.74 (0.64–0.86) <0.001

Other 0.76 (0.64–0.89) 0.001 0.70 (0.59–0.83) <0.001 0.61 (0.49–0.76) <0.001 0.62 (0.50–0.77) <0.001

Grade (“Grade1/2” as reference)

G3/G4 1.31 (1.21–1.43) <0.001 1.30 (1.19–1.41) <0.001 1.27 (1.14–1.43) <0.001 1.37 (1.22–1.54) <0.001

Surgery (“No” as reference) 0.46 (0.41–0.51) <0.001 0.45 (0.40–0.50) <0.001 0.40 (0.35–0.46) <0.001 0.42 (0.36–0.48) <0.001

Radiation (“No” as refer-
ence)

0.54 (0.50–0.59) <0.001 0.64 (0.58–0.70) <0.001 0.71 (0.64–0.79) <0.001 0.63 (0.56–0.70) <0.001

Chemotherapy (“No” as ref-
erence)

0.38 (0.35–0.42) <0.001 0.43 (0.39–0.47) <0.001 0.45 (0.41–0.50) <0.001 0.43 (0.39–0.48) <0.001

Metastasis to (“No” as reference)

Bone 1.14 (1.05–1.24) 0.002 1.26 (1.15–1.37) <0.001 1.30 (1.16–1.46) <0.001 1.32 (1.18–1.48) <0.001

Brain 1.13 (0.99–1.30) 0.075 1.18 (1.03–1.36) 0.017 1.19 (0.98–1.44) 0.075 1.11 (0.92–1.35) 0.275

Liver 1.42 (1.28–1.58) <0.001 1.36 (1.22–1.51) <0.001 1.33 (1.17–1.52) <0.001 1.35 (1.18–1.54) <0.001

Lung 1.45 (1.33–1.58) <0.001 1.26 (1.15–1.38) <0.001 1.21 (1.08–1.35) 0.001 1.15 (1.03–1.29) 0.013

Distant-LN 0.97 (0.84–1.13) 0.732 1.22 (1.05–1.43) 0.011 0.84 (0.69–1.02) 0.074 1.06 (0.87–1.30) 0.569

Histological type (“Adenocarcinoma” as reference)

SCC 1.09 (0.99–1.21) 0.085 1.00 (0.90–1.11) 1.000 1.29 (1.14–1.47) <0.001 0.98 (0.86–1.11) 0.714

Place of residence (“rural” as reference)

urban 0.74 (0.66–0.82) <0.001 0.76 (0.68–0.84) <0.001 0.68 (0.58–0.78) <0.001 0.73 (0.62–0.85) <0.001

PSM: propensity score matching; HR: hazard ratio; CI: confidence interval; SCC: squamous cell carcinoma antigen; LN: lymph node.
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Presently, chemotherapy is recognized as the main treatment
for stage IVB cervical cancer. Our findings indicated that
chemotherapy could extend the survival of metastatic cervical
cancer patients. Several studies showed that patients who
responded to chemotherapy had a longer survival time than
non-respondents. Therefore, appropriate chemical therapy
could prolong the survival and prognosis of metastatic cervical
cancer patients [28, 33]. However, chemotherapy alone might
still be inadequate due to limited efficacy and poor response
[34, 35].
Nishio et al. [36] stated that racial differences in cervical

cancer incidence and death rates were indisputable, consistent
with our findings showing that racial differences affected pa-
tients’ OS. However, the reasons for racial differences in mor-
tality rates remain unclear and controversial. Some researchers
hypothesized that biological differences among different races
might be responsible for the different susceptibility to diseases
[37], while others believe that social economy and culture
might have certain impacts on the occurrence of the disease
[38]. In this study, we found that black people had a worse
stage IVB cervical cancer survival rate than whites and other
ethnic groups in the United States. We believe this might
be because black Americans did not have similar access to
the same prevention, diagnosis, treatment, etc., as people of
other races. It could also be because blacks have a worse
biological prognosis of cervical cancer [39, 40]. Further, we
also found that rural residents had a higher mortality rate than
urban residents. Compared with urban areas, rural public
health facilities were poor, rural women had relatively lesser
awareness of self-health care, and it was relatively difficult
to seek medical treatment, etc., thereby leading to untimely
medical treatment and subsequent higher mortality rates [41].
Public health status was inversely associated with cervical
cancer mortality [42, 43], Public health conditions include
health facilities, health promotion, screening, prevention, diag-
nosis and treatment conditions, cervical cancer incidence and
mortality were lower in regions with better public health status.
Relatively poor public health status was an important factor for
the high mortality rate of rural residents. Cohen et al. [44]
made similar observations and reported that cervical cancer
incidence and death rates varied widely based on geographical
differences. They also suggested a link between geography
and ethnicity as different geographical locations had different
social, economic, cultural and racial differences. This might be
one of the reasons for the observation of worse survival time
of black Americans compared with white Americans and other
races and the higher mortality rate of rural residents compared
with urban residents observed in our study. Thus, we hope
these results could guide related authorities to further strategize
the prevention and treatment of cervical cancer.
Previous studies indicated that age, histological type and site

of distant organ metastasis were important prognostic factors
affecting the survival of stage IVB cervical cancer patients
[45, 46]. Some studies also found that younger patients had
better OS than older patients [22, 27]. However, Nishio et
al. [36] found no effect of age on stage IVB cervical cancer
survival, which was consistent with our study, indicating that
this should be further clarified in future studies. In cervical
cancer, squamous cell carcinoma and adenocarcinoma are the

most common subtype of cervical cancer, accounting for 70%
and 25% of all cervical cancer, respectively [47]. Other histo-
logical types are not discussed because they account for only a
small proportion of cervical cancer. In some reports, cervical
adenocarcinoma had a worse prognosis than squamous cell
carcinoma [48, 49]. However, our study found no significant
difference between the survival of squamous cell carcinoma
and adenocarcinoma patients. which was consistent with the
study of Emmett et al. [50]. The effect of histological types
on survival of stage IVB cervical cancer is still controversial,
and more data are needed to study this issue in the future.
Our findings also showed that bone metastasis, lung metastasis
and liver metastasis were independent factors affecting the
survival of stage IVB cervical cancer patients. Previous studies
indicated that the 5-year OS of cervical cancer patients with
lung metastasis ranged between 0 to 60 months. Hwang et
al. [53] reported that the median survival time after diagnosis
of brain metastasis was only 5.9 months [51, 52], and that
after bone metastases was about 5.5 to 12 months. Compar-
atively, our results showed that brain metastasis was not an
independent factor affecting the survival of stage IVB cervical
cancer, which may be related to the much shorter survival time
after diagnosis with brain, lung, liver and bone metastases.
However, due to limited reports, larger cohort studies are
required to further clarify the impact of different metastatic
locations of cervical cancer on the patients’ survival.
There were some limitations in this study that should be

clarified. First, our results might have been impacted by
the retrospective nature and long duration of the retrieved
data. Second, it is well-known that the prognosis of stage
IVB cervical cancer is related to primary tumor size, patients’
physical condition, burden of distant metastasis, and other
surgical-related factors. Since the SEER database does not
have these parameters, we could not perform deeper analyses
to investigate their influence in this study cohort. Third, there
were no detailed data on radiation therapy, including dosage,
duration, technique and combination mode with chemother-
apy, in the SEER database, which should be explored in future
studies to determine their significance on the patients.

5. Conclusions

This study shows that primary radiotherapy could prolong the
OS of stage IVB cervical cancer and that primary radiotherapy
was beneficial to the patients. However, these conclusions
should be clarified in larger cohorts of patients using better-
designed studies such as in prospective and randomized set-
tings.
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