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Abstract
Background: Previous studies about liver metastases (LM) in newly diagnosed ovarian cancer (NDOC)
patients based on Surveillance, Epidemiology, and End Results (SEER) program disregarded selection bias of
missing data.
Methods: We identified Data of NDOC patients from SEER between 2010 and 2016, presented a
comprehensive description of this dataset, and limited possible biases due to missing data by applying multiple
imputation (MI). We determined predictive factors for underlying LM development in NDOC patients and
evaluated prognostic factors in NDOC patients with LM (OCLM). We then established predictive nomograms,
assessed by the concordance index, calibration curve, decision curve analysis (DCA), and clinical impact curves
(CIC).
Results: The amount of missing data for different variables in SEER dataset ranges from 0 to 36.11%. The
results between complete dataset and MI datasets are similar. LM prevalence in NDOC patients was 7.18%, and
median overall survival for OCLM patients was 11 months. The C-index of risk nomogram for LM development
in the training cohort (TC) and validation cohort (VC) were 0.764 and 0.759, respectively. The C-index and
integrated area under curve within five years of prognostic nomogram for OCLM patients in the TC and VC
were 0.743 and 0.773, 0.714 and 0.733, respectively. For both nomograms, DCA revealed favorable clinical use
and calibration curves suggested good consistency.
Conclusion: The risk nomogram is expected to aid clinicians in identifying high-risk groups of LM development
in NDOC patients for intensive screening. The prognostic nomogram could facilitate individualized prediction
and stratification for clinical trials in OCLM patients.
Key words: Ovarian Cancer, Liver Metastases, prevalence, nomogram, SEER

Introduction
Ovarian cancer (OC) is the most lethal form of
malignancy in the female genital system in the United
States, with an estimated 22,530 newer cases and
13,980 deaths annually [1]. Approximately 75% of all
OC patients remain undiagnosed until the advanced
stage, while 12-33% of these cases are diagnosed with

distant metastases [2,3]. The liver is the most common
site for distant metastasis in OC, followed by distant
lymph nodes, lung, bone, and brain [4-6].
Population-based studies had reported the
prevalence of liver metastases (LM) in newly
diagnosed OC (NDOC) patients; however, results are
http://www.jcancer.org
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inconsistent [5,7]. Although previous studies
identified the hazards associated with underlying LM
development in NDOC patients, the tool quantifying
risk of LM development is unavailable. Albeit prior
studies determined prognostic factors for NDOC
patients with LM (OCLM), a predictive model needs
to be further investigated to facilitate clinical use [5,7].
Furthermore, missing data problems in populationbased databases had been disregarded in previous
studies [5,7], which might introduce bias and even
incorrect conclusions.
Therefore, we described missing data and
possible bias based on the Surveillance, Epidemiology, and End Results (SEER) program of the National
Cancer Institute. Then, we provided a dataset that
limited selection bias. Finally, we evaluated
epidemiology and risk factors associated with LM
development in NDOC patients, revealed prognostic
predictors for OCLM patients. Furthermore, we
established and validated nomogram models to aid
clinical practice during diagnosis and treatment of
OCLM patients.

Methods
Data Sources and Patients
We queried the SEER database from 2010 to 2016
since no metastatic information was recorded before
2010. The site code of ICD-O-3 (International
Classification of Diseases for Oncology-3)/WHO 2008
was restricted as “Ovary”. Patients with histologically
confirmed ovarian cancer were included and the
exclusion criteria were as follows: patients aged below
18 years, diagnosed with carcinoma in situ, benign or
borderline tumors, diagnosed at autopsy or via death
certificate, those with no information on LM or
follow-up. A detailed summary of selection criteria is
illustrated in Supporting Figure 1. Finally, we
identified a total of 37,500 eligible NDOC patients, of
which 2,691 cases were diagnosed with LM. All 37,500
NDOC patients were used in establishing and
validating the risk nomogram for LM development.
Prognostic nomogram was established and validated
in the 2,691 OCLM patients.

Covariates
Variables such as age, race (White, Hispanic,
Black, and Asian), marital status (married or
unmarried), insurance status (uninsured or insured),
tumor laterality (left, right, and bilateral), T stage (T1,
T2, or T3), N stage (N0 or N1), tumor grade (I/II, III,
or IV), histology (serous or non-serous), cancer
antigen 125, (CA 125, normal and elevated), lung,
bone, or brain (LBB) metastases, and primary
cytoreduction surgery (CRS) (optimal: residual focus
< 1 cm, suboptimal: residual focus > 1 cm, or no CRS)
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were used for constructing the risk and prognostic
models. OS was defined as the time between initial
diagnosis to death or last follow-up (December 31,
2016).

Statistical analysis
The pattern of missing data was visually
displayed based on VIM and mice package in R. To
maximize statistical power and minimize bias that
results from exclusion of missing data, multiple
imputation (MI) based on five replications and a
chained equation approach method was used to
account for missing data of variables in SEER [8],
including marital status, CA 125 levels, tumor
laterality, race, grade, T stage, N stage, and LBB
metastases, insurance, and CRS.
Categorical variables were grouped based on
clinical considerations and previous literature [5,9],
which were decided before modeling. Continuous
variables were presented as means ± standard errors
(SD) or medians with interquartile ranges (IQR),
differences between groups were analyzed using a t
test. Categorical variables were presented as numbers
and percentages and analyzed using either Pearson's
X2 or Fisher’s exact tests. Survival analyses were
performed using the Kaplan-Meier method and tested
using the Log-rank test.
In a complete cases dataset, which excluded
cases with missing data of variables, all NDOC
patients as well as OCLM patients, were randomly
divided into the TC and VC (2:1). NDOC patients and
OCLM patients in the TC were subjected to univariate
regression analysis, variables with P < 0.1 in
univariate analysis and clinically relevant were
incorporated into multivariate analyses. Both the risk
and prognostic nomograms were formulated based
on results from the final multivariate regression
models by backward stepwise selection with the
Akaike Information Criterion (AIC) [10]. As a
sensitivity analysis, the procedure was repeated in the
5 MI datasets, and the regression coefficients and
standard errors were pooled to evaluate bias
secondary to missing data [11].
We applied C-index, calibration curves and
Hosmer-Lemeshow goodness of fit test, decision
curve analysis (DCA) and clinical impact curves (CIC)
to evaluate the risk nomogram for LM development
in NDOC patients. Meanwhile, we used C-index,
calibration curves, the AUC of time-dependent
receiver operating characteristics (td-ROC) [12] and
DCA curves to appraise the prognostic nomogram for
OCLM patients. The integrated AUC was defined as
the mean of the AUC values of prognostic nomogram
within five years. All analyses were conducted using
the SPSS version 17 (IBM, Armonk, NY, USA) and R
http://www.jcancer.org
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version 4.0.2 (http://www.r-project.org). Statistical
tests were 2-sided, with data followed by P < 0.05
considered statistically significant.

Results
Sociodemographic characteristics and
prevalence of LM in NDOC patients
Screening the SEER database revealed a total of
37,500 eligible NDOC patients. Among them, 2,691
cases, accounting for approximately 7.18% of the
entire
cohort,
were
diagnosed
with
LM
(Supplementary Figure 1). A summary of
sociodemographic and clinical characteristics of
patients with or without LM is outlined in Table 1.

Characteristics of missing data
The amount of missing data for different
variables in SEER ranges from 0 to 36.11% in NDOC
patients and ranges from 0 to 56.93% in OCLM
patients, which were quantified and displayed in
Supplementary Figure 2. We did not find an unusual
pattern in missing data by visual inspection and
categorized it as missing at random (MAR), which fits
a necessary assumption for multiple imputation [13].
Moreover, there was no statistical difference in
baseline characteristics between observed complete
cases data and imputation datasets (Table s1, Table
s2), so further analyses were performed based on the
complete dataset.

Predictive factors for development of LM
Baseline characteristics of NDOC patients in the
TC and VC groups were comparable (Table s3).
Results from univariate logistic analysis in the TC (n =
24,718) revealed that age, marital status, CA 125
levels, tumor laterality, race, grade, T stage, N stage,
and lung, bone, or brain (LBB) metastases were
predictors for LM development. The nomogram
model, after backward stepwise selection based on
AIC, revealed the following as risk factors for LM
incidence; unmarried (vs. married; OR, 1.19; 95%CI:
0.98-1.45; p = 0.084), non-serous (vs. serous; OR, 1.28;
95%CI: 1.02-1.61; p = 0.053), grade III (vs. grade I/II;
OR, 1.61; 95%CI: 1.15-2.26; p = 0.004), grade IV (vs.
grade I/II; OR, 1.42; 95%CI: 1.01-2.01; p = 0.048), T2
stage (vs. T1 stage; OR, 2.60; 95%CI: 1.48-4.56; p =
0.002), T3 stage (vs. T1 stage; OR, 7.50; 95%CI:
4.66-12.06; p < 0.001), N1 stage (vs. N0 stage; OR, 1.58;
95%CI: 1.29-1.93; p < 0.001), and LBB metastases (vs.
no metastases to other distant organs; OR, 6.69;
95%CI: 5.12-8.73; p < 0.001) (Table 2). The most
significant contributors were T stage and LBB
metastases, followed by grade, N stage, histology and
marital status (Fig. 1a). The pooled OR derived from 5
MI datasets gave similar results to OR of complete
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dataset (Table 2).
Table 1. Sociodemographic and clinical characteristics for
NDOC patients with and without LM
Variable

Age (median, IQR)a
Race
White
Hispanic
Black
Asian
unknown
Marital status
Married
Unmarried
Unknown
Insurance
Insured
Uninsured
Unknown
Ca125
Normal
Elevated
Unknown
Grade
I-II
III
IV
Unknown
Histology
Serous
Non-serous
Unknown
Laterality
Left
Right
Bilateral
Unknown
T stage
T1
T2
T3
Unknown
N stage
N0
N1
Unknown
LBB Met
None
≥1 site
Unknown
CRS (pri)
Yes
No
Unknown

No. of ovarian cancer patients
(2010-2016)
With LM
Without LM
(N=2691, 7.18%)
(N=34809, 92.82%)
66 (56-76)
62 (52-72)
1799 (7.03%)
333 (6.56%)
346 (10.56%)
189 (5.88%)
24 (6.84%)

23782 (92.97%)
4742 (93.44%)
2930 (89.44%)
3028 (94.12%)
327 (93.16%)

1172 (6.37%)
1401 (8.06%)
118 (6.84%)

17225 (93.63%)
15976 (91.94%)
1608 (93.16%)

2535 (7.13%)
108 (8.16%)
48 (7.48%)

32999 (92.87%)
1216 (91.84%)
594 (92.52%)

70 (2.07%)
2050 (8.08%)
571 (6.52%)

3306 (97.93%)
23314 (91.92%)
8189 (93.48%)

124 (1.89%)
629 (6.41%)
406 (5.35%)
1532 (11.31%)

6439 (98.11%)
9183 (93.59%)
7177 (94.65%)
12010 (88.69%)

1139 (6.54%)
1099 (6.33%)
453 (16.54%)

16273 (93.46%)
16250 (93.67%)
2286 (83.46%)

445 (4.52%)
462 (4.56%)
891 (7.69%)
893 (15.03%)

9394 (95.48%)
9662 (95.44%)
10703 (92.31%)
5050 (84.97%)

120 (1.18%)
203 (4.12%)
1721 (9.21%)
647 (17.60%)

10090 (98.82%)
4727 (95.88%)
16962 (90.79%)
3030 (82.40%)

1206 (4.62%)
867 (11.39%)
618 (16.21%)

24870 (95.38%)
6744 (88.61%)
3195 (83.79%)

1794 (5.18%)
742 (29.92%)
155 (38.56%)

32824 (94.82%)
1738 (70.08%)
247 (61.44%)

1269 (4.32%)
1392 (17.64%)
30 (11.63%)

28082 (95.68%)
6499 (82.36%)
228 (88.37%)

X2

P-value

68.28

<0.001
<0.001

38.32

<0.001

2.01

0.160

157.45

<0.001

181.04

<0.001

0.62

0.430

134.74

<0.001

788.60

<0.001

467.08

<0.001

2223.58

<0.001

1662.29

<0.001

Abbreviations: NDOC: newly diagnosed ovarian cancer; LM: liver metastases;
IQR: interquartile range; LBB Met: lung, bone, or brain metastases; CA125: cancer
antigen 125; a: t test; CRS (pri): primary cytoreduction surgery.

Nomogram model predicts risk factors of LM
development in NDOC patients
The established nomogram revealed C-index or
AUC of 0.764 (95%CI: 0.744-0.783), and 0.759 (95%CI:
0.731-0.788) in the TC and VC, respectively (Fig. 2a-b).
Hosmer-Lemeshow statistics were 9.04 (p = 0.434) and
8.08 (p = 0.537), for the TC and VC respectively. The
http://www.jcancer.org
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resulting calibration plots indicated good consistency
between the prediction and actual observation (Fig.
2c–d). DCA curves both in the TC and VC addressed
that our nomogram had a favorable clinical utility to

7258
predict LM development in NDOC patients within
the threshold probabilities between 2% and 40% (Fig.
3a, c). CIC analysis visually indicated that nomogram
conferred high clinical net benefit (Fig. 3b, d).

Figure 1. Risk nomogram for LM development in NDOC patients and prognostic nomogram for OCLM patients. (a): Risk nomogram for predicting LM
development in NDOC patients. (b): Nomogram for predicting prognosis of OCLM patients. Points are assigned for all risk factors, first by drawing a line upward from the
corresponding value to the "Score" line to get the points for each factor, then the points for all factors are added to obtain the total score and a vertical line is drawn to the “Total
score” row to determine LM occurrence as well as 1-, 3- and 5-year survival rates. Patient 1 from this study is shown as an example (presented in red). The distinct area of
rectangles represents the difference of the relative proportion of patients in each subgroup. The distribution of age, total scores of risk and prognostic nomograms are also shown
in Figure 1a and 1b. LM: liver metastases. NDOC patients: newly diagnosed ovarian cancer patients. OCLM patients: NDOC patients with LM. 12 mo OS: 12-month overall
survival.

Figure 2. Evaluation of the risk nomogram for LM development in NDOC patients. (a, b): Receiving operating characteristic (ROC) curves in the TC (a) and VC (b);
(c, d): Calibration plots in the TC (c) and VC (d). LM: liver metastases. NDOC patients: newly diagnosed ovarian cancer patients. TC: training cohort. VC: validation cohort.

http://www.jcancer.org
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Table 2. Univariate and multivariate logistic regression identified the risk factors for development of LM in the TC of NDOC patients
based on complete data and MI datasets
Subject characteristics
Age
Marital status
Married
Unmarried
Insurance
Insured
Uninsured
Ca125
Normal
Elevated
Histology
Serous
Non-serous
Laterality
Left
Right
Bilateral
Race
White
Hispanic
Black
Asian
Grade
I-II
III
IV
T stage
T1
T2
T3
N stage
N0
N1
LBB Met
None
≥1 site

Univariate (complete data)
OR (95%CI)
1.02 (1.02, 1.03)

P-value
<0.001

Multivariate (complete data)
OR (95%CI)

P-value

Multivariate (pooled MI data)
OR (95%CI)
P-value

1
1.28 (1.16, 1.41)

<0.001

1
1.19 (0.98, 1.45)

0.084

1
1.19 (1.08, 1.32)

<0.001

1
1.18 (0.92, 1.51)

0.19

1
4.08 (3.03, 5.49)

<0.001

1
1.02 (0.92, 1.14)

0.692

1
1.28 (1.02,1.61)

0.053

1
1.57 (1.41, 1.76)

<0.001

1
1.01 (0.86, 1.19)
1.80 (1.56, 2.08)

0.908
<0.001

1
0.93 (0.80, 1.08)
1.54 (1.33, 1.79)
0.77 (0.63, 0.94)

0.335
<0.001
0.01

1
3.64 (2.85, 4.63)
2.92 (2.26, 3.76)

<0.001
<0.001

1
1.61 (1.15, 2.26)
1.42 (1.01, 2.01)

0.004
0.048

1
1.18 (0.99, 1.41)
1.04 (0.86, 1.27)

0.066
0.676

1
3.91 (2.96, 5.18)
8.75 (6.93, 11.04)

<0.001
<0.001

1
2.60 (1.48, 4.56)
7.50 (4.66, 12.06)

0.002
<0.001

1
2.72 (2.11, 3.51)
5.20 (4.21, 6.43)

<0.001
<0.001

1
2.65 (2.37, 2.96)

<0.001

1
1.58 (1.29, 1.93)

<0.001

1
1.60 (1.43, 1.79)

<0.001

1
8.28 (7.35, 9.34)

<0.001

1
6.69 (5.12, 8.73)

<0.001

1
5.60 (4.93, 6.36)

<0.001

Abbreviations: OR: odds ratio; CI: confidence interval; LM: liver metastases; TC: training cohort, NDOC: newly diagnosed ovarian cancer; LBB Met: lung, bone, or brain
metastases; CA125: cancer antigen 125; MI: multiple imputation.

Prognostic factors for OCLM patients
Baseline characteristics for OCLM patients were
comparable between the TC and VC (Table s4). The 1-,
3-, 5- year OS rate for OCLM patients was 48.03%,
26.75%, and 15.39%, respectively (Supplementary
Figure 3). NDOC patients with and without LM
recorded median OS of 11 months (95% CI: 10-13
months) and 55 months (95% CI: 53-57 months),
respectively (Supplementary Figure 4a). Univariate
Cox regression revealed that age, race, marital status,
histology, tumor laterality, T stage, LBB metastases
and primary CRS were significant prognostic factors
in the TC (n = 1,775) (Table s5). The final prognostic
nomogram, after backward stepwise selection based
on AIC, revealed a significant correlation between
increased all-cause mortality with age (HR,1.01; 95%
CI: 1.00-1.02; p = 0.023), Asian race (vs. White;
HR,1.69; 95% CI: 1.15-2.48; p = 0.008), Black race (vs.
White; HR,1.35; 95% CI: 0.99-1.83; p = 0.055),
unmarried status (vs. married status; HR, 1.31; 95%

CI: 1.07-1.62; p = 0.009), non-serous OC (vs. serous
OC; HR, 1.70; 95% CI: 1.36-2.11; p < 0.001), LBB
metastases (vs. no other distant metastases; HR, 1.30;
95% CI: 1.04-1.62; p = 0.022), suboptimal CRS (vs.
optimal CRS; HR, 1.60; 95%CI: 1.26-2.05; p = 0.001),
and no CRS (vs. optimal CRS; HR, 4.29; 95% CI:
3.26-5.66; p < 0.001). Moreover, primary CRS was the
most significant contributor to prognosis, followed by
race and histology, whereas LBB metastases had a
relatively low impact on patient survival (Fig. 1b). The
median OS for the no, suboptimal, and optimal CRS
groups were 2 (95% CI: 2-3), 28 (95% CI: 23-36), and 44
(95%CI: 38-53) months, respectively (Table 3,
Supplementary Figure 4f). Results from survival
analyses targeting other variables in the TC based on
Kaplan-Meier (K-M) curves are presented in
Supplementary Figure 4b-e. The pooled HR derived
from 5 MI datasets was comparable to HR of the
complete dataset (Table 3).
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Figure 3. Decision curve analysis (DCA) and clinical impact curve (CIC) of the risk nomogram for LM development in NDOC patients. DCA and CIC of risk
nomogram were calculated for both the TC and VC. In DCA, the net benefits (y axis) of risk nomogram were calculated. Horizontal red lines assume no cases will experience
the event; green lines assume all cases will experience the event; blue lines represent the net benefits across a range of threshold probabilities. (a): The TC; (c): the VC. In CIC,
the red curve (number of high-risk individuals) indicates the number of people who are classified as positive (high risk) by the model at each threshold probability; the blue curve
(number of high-risk individuals with event) is the number of true positives at each threshold probability. (b): The TC; (d): the VC. NDOC patients: newly diagnosed ovarian
cancer patients; TC: training cohort. VC: validation cohort.

The nomogram model predicts prognosis of
OCLM patients
The C-index in the TC and VC were 0.743 (95%
CI: 0.719-0.767) and 0.714 (95% CI: 0.678-0.752),
respectively. Calibration curves for the TC and VC at
1-, 3-, and 5-years indicated excellent consistency
between prediction and actual observation (Fig. 4).
We used the predictive scores to group patients in the
VC (n = 916) into quartiles. The resulting K-M curves
revealed significant prognostic differences between
any two adjacent groups (Fig. 5a), with median OS of
44 (95%CI: 37–55), 23 (95%CI: 18–34), 6 (95%CI: 4-9),
and 2 (95%CI: 1-3) months for Quartiles 1, 2, 3, and 4,
respectively. The 1-, 3-, and 5-year survival
probability for Quartiles 1, 2, 3, and 4 were 85.9, 60.5,
37.1%; 65.2, 36.3, 20.5%; 32.1, 12.6, 5.8%; and 17.8, 7.6,
0%, respectively (Fig. 5b). The AUC values of td-ROC
were calculated (Fig. 5c), integrated AUC for the TC
and VC were 0.773 and 0.733, respectively. DCA
curves of the TC and VC at 12-, 36- and 60-month
addressed that using the model to inform clinical
decisions would lead to superior outcomes over a
wide range of threshold probability (Fig. 6).

Table 3. Multivariable cox regression and overall survival for
OCLM patients in the TC based on complete data and MI datasets
Subject
Multivariable
characteristics (complete data)
HR (95%CI)
P-value

Multivariable
(pooled MI datasets)
HR (95%CI)
P-value

OS, month

Age
Race
White
Hispanic
Black
Asian
Marital status
Married
Unmarried
Histology
Serous
Non-serous
LBB Met
None
≥1 site
CRS (pri)
optimal
suboptimal
no CRS

1.01 (1.00, 1.02) 0.023

1.01 (1.00, 1.02) 0.019

1
0.84 (0.61, 1.15) 0.27
1.35 (0.99, 1.83) 0.055
1.69 (1.15, 2.48) 0.008

0.91 (0.78, 1.06) 0.229
1.20 (1.05, 1.38) 0.009
1.19 (0.99, 1.44) 0.068

13 (11, 15)
21 (13, 25)
6 (5, 7)
10 (6, 24)

1
1.31 (1.07, 1.62) 0.009

1.24 (1.12, 1.37) <0.001

19 (15, 22)
7 (6, 9)

1
1.70 (1.36, 2.11) <0.001

1.45 (1.31, 1.61) <0.001

30 (27, 37)
6 (5, 7)

1
1.30 (1.04, 1.62) 0.022

1.15 (1.04, 1.28) 0.007

15 (13, 18)
6 (5, 9)

1
1.60 (1.26, 2.05) <0.001
4.29 (3.26, 5.66) <0.001

1.46 (1.24, 1.71) <0.001
4.17 (3.57, 4.87) <0.001

44 (38, 53)
28 (23, 36)
2 (2, 3)

Median
(95%CI)

Abbreviations: HR: hazard ratio; CI: confidence interval; OCLM patients: newly
diagnosed ovarian cancer patients with liver metastases; LBB Met: lung, bone, or
brain metastases; CRS (pri): primary cytoreduction surgery. MI: multiple
imputation.
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Figure 4. Calibration plots of the prognostic nomogram for OCLM patients at 1-, 3-, and 5-year survival rates. (a-c): The training cohort. (d-f): The validation
cohort. OCLM patients: newly diagnosed ovarian cancer patients with liver metastases.

Figure 5. Evaluation of the prognostic nomogram in the VC of OCLM patients. (a): Risk scores from cases in the VC were calculated according to the model in Figure
1b and grouped into quartiles. Kaplan-Meier plots are depicted for each group. (b): Summary of Quartile 1, 2, 3 and 4. (c): Area under the curve was calculated for every month
from the first to the 60th month for both TV and VC. LCI and UCI: lower and upper confidence interval. 1-, 3-, 5- year: 1-, 3-, 5- year survival probability. OCLM patients: newly
diagnosed ovarian cancer patients with liver metastases. TC: training cohort. VC: validation cohort.
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Figure 6. Decision curve analysis of prognostic nomogram for OCLM patients. The net benefits (y axis) of prognostic nomogram were calculated for both the training
and validation cohorts. (a): 12-month OS of TC; (b): 36-month OS of TC; (c): 60-month OS of TC; (d): 12-month OS of VC; (e): 36-month OS of VC; (f): 60-month OS of VC.
Horizontal red lines assume no cases will experience the event; green lines assume all cases will experience the event; blue lines represent the net benefits across a range of
threshold probabilities. OCLM patients: newly diagnosed ovarian cancer patients with liver metastases. TC: training cohort. VC: validation cohort.

Discussion
Missing data is an inevitable and critical
question for population-based database like SEER
[14], which might result in considerable bias due to
improper management [15]. Unfortunately, it has
been neglected in most SEER studies. The types of
missing data included missing completely at random
(MCAR), missing at random (MAR), and missing not
at random (MNAR) [16]. Complete case analysis in
the study of Iftikhar et al. is on the assumption of
MCAR [7], while the patterns of missing data are
MAR in most clinical studies [17]. Missing indicator
method in the study of Zhao et al. [5] still subject to
bias even under MCAR assumption and a small
amount of missing data [18]. Multiple imputation has
been recognized as the standard method to handle
missing data with the pattern of MAR [19], which also
applies to MCAR and MNAR [17]. The amount of
missing data for different variables in SEER ranges
from 0 to 36.11% in NDOC patients and ranges from 0
to 56.93% in OCLM patients, which is noticeable.
However, unbiased results can be obtained after valid
MI for MAR data even with up to 80%-90% missing
data [20]. The pattern of missing data in our study
was categorized as MAR by visual inspection, which
means the missing information depends on the data
we have already collected [15]. As a sensitivity
analysis, distributions of missing variables were the
same in complete cases data and for MI datasets.

Moreover, the coefficients of regression analysis from
both datasets are comparable. Collectively, selection
bias based on complete data in our study is fully
considered and limited.
Prior studies with small sample sizes have
reported a 9.4-12.9% incidence of LM in OC patients
[21,22]. Based on population study, Zhao et al. found
1774 OCLM patients in 26197 NDOC patients (6.7%)
[5], while Iftikhar et al. reported 2635 OCLM patients
in 33895 NDOC patients (7.77%) [7]. In the present
study, we analyzed 37,500 NDOC patients from the
SEER database and found a 7.18% LM incidence.
The liver was the most common distant
metastatic organ of OC [4-6], potentially by
transcoelomic and hematogenous dissemination route
[23], whose underlying mechanisms are less
comprehensively and less well understood. Liver
metastases could be detected effectively with the
development of imaging technology, whereas there
are no screening guidelines for LM development in
NDOC patients to date. Therefore, timely diagnosis
and improved prognosis can be realized by
identification and surveillance of high-risk groups.
Regrettably, the tool quantifying risk of LM
development is not available. Earlier studies focusing
on OC with bone and brain metastases suggested that
advanced T stage, N stage, tumor grade, and
metastases to other distant organs were predictive
factors for bone and brain metastases [9,24]. Previous
population-based studies determined older age, race,
http://www.jcancer.org
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unmarried status, bilateral tumor location, non-serous
histology, advanced T and N stages, grades, and
elevated CA-125 were risks for liver metastases [5,7],
our study supported this association. Our risk
nomogram had a favorable C-index in both TC and
VC, suggesting good discrimination. Moreover, the
Hosmer-Lemeshow statistics revealed a good fit,
whereas calibration plots indicated consistency
between predicted and observed results. DCA curves
both in the TC and VC addressed that our nomogram
added value to predict LM development in NDOC
patients within the threshold probabilities between
2% and 40%. CIC analysis visually indicated that our
risk nomogram conferred high clinical net benefit. The
nomogram is expected to facilitate risk stratification
and to develop an intensive screening program for
high-risk groups to aid timely diagnosis and better
prognosis.
Despite the 5-year OS plunges from 92% for
localized cases to 29% for distant cases [1], aggressive
liver resection had been increasingly applied in the
recent past, and the favorable surgical prognosis has
been confirmed [25-28]. Based on a population-level
study, we found the median OS of OCLM patients
dramatically improved from 2 months in the
non-surgery group to 44 months in the optimal CRS
group, consistent with previous reports [29,30]. Since
most advanced OC patients experience a relapse
within years after front-line treatment based on
surgery and chemotherapy [31], anti-angiogenic
therapy [32], poly-ADP ribose polymerase inhibitors
(PARPi) [33,34] and immunotherapy [35,36] are
ongoing randomized trials as a secondary treatment
to improve their outcomes. However, prognosis of
OCLM patients varied considerably (IQR of OS: 1.0 to
39.0 months in our study, IQR of OS: 3.0–50.0 months
in Zhao et al.’s report). Thus, stratifying OCLM
patients with comparable expected prognoses in
randomized studies could control selection bias and
optimize conclusion. Our study identified age, race,
marital status, histological type, LBB metastases and
primary CRS were indicators of all-cause mortality in
multivariable analysis after stepwise selection, in
accordance with previous studies [5,7]. Surgical
treatment was the most significant prognostic
contributor to our nomogram, moreover, secondary
CRS is feasible for recurrent OC patients with LM
with BRCA mutation for superior progression free
survival [37], further affirming the value of CRS in
survival improvement for OCLM patients. Although
OC patients with brain or bone metastases were
found to exhibit a worse prognosis than those with
LM [4]. LBB metastases had a less prognostic
contribution to our nomogram model, possibly due to
the low incidence in NDOC patients. The status of
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lymph node was not an indicator for prognosis in our
nomogram, concurred with no prognostic differences
between advanced OC patients undergoing CRS with
or without hepatoceliac lymph node metastases [38].
The resulting C index indicated good discrimination
and calibration plots in both TC and VC revealed
favorable consistency between prediction and
observation. The integrated AUC of td-ROC in TV
and VC were favorable. The K-M curves, based on
predictive scores from the nomogram, demonstrated
that our model could stratify OCLM patients into
subgroups of statistically significant prognosis. DCA
curves of the TC and VC at 12-, 36- and 60-month
addressed that clinical decision based on our
nomogram would lead to superior survival over a
wide range of threshold probability. Overall, these
results indicate that our prognostic nomogram is
clinically valuable for individual prediction as well as
to stratify OCLM patients in randomized studies.
To our knowledge, the current study was the
first largest study to establish nomograms to predict
LM development in NDOC patients and to evaluate
prognosis of OCLM patients after controlling
potential bias from missing data in SEER. However,
our work definitely had several limitations. Firstly,
we only explored the epidemiology of LM in NDOC
patients, for recurrent OC patients were not recorded
in SEER. Therefore, the overall LM incidence needs
further evaluation. Secondly, information about
peritoneal metastases, which is the prominent
dissemination route of OC [23], is not available in
SEER database. Thirdly, information about
chemotherapy is not available for us in SEER.
Furthermore, both nomograms have so far been only
validated internally and further studies are needed to
validate our findings.

Conclusion
Based on the largest dataset to date in which
selection bias was fully considered and limited, our
results revealed that the prevalence of LM is about
7.18% in NDOC patients, and OCLM patients
exhibited a median OS of 11 months wtih1-, 3-, 5- year
OS rate of 48.03%, 26.75%, and 15.39%, respectively.
Furthermore, we established a risk nomogram that
can effectively predict high-risk groups for LM
development in NDOC patients, and aid intensive
screening as well as timely diagnosis. We established
another
prognostic
nomogram
to
facilitate
individualized precise prediction and stratification in
OCLM patients. However, further studies are
required to validate our findings.
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