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Abstract

Objective: The present study was aim to construct and validate related nomograms to help
individual survival prediction in patients with ovarian cancer liver-only metastasis (OCLM).
Methods: OCLM diagnosed between 2010 and 2015 were selected in the study from the
Surveillance, Epidemiology, and End Results (SEER) database. Univariate and multivariate Cox
proportional hazard models were performed to screen independent prognostic variables to
establish nomograms for predicting overall survival (OS) and cancer-specific survival (CSS). The
performance of the established models was evaluated by the calibration curve, Harrell’s
concordance (C-index), and decision curve analysis (DCA).

Results: A total of 1335 patients with OCLM were final identified. Those individuals were
randomly classified into development (n=668) and validation (n=667) cohorts. Nomograms
predicting OS and CSS were built based on 4 independent variables. In the development cohort,
the C-index for the constructed nomogram to predict OS and CSS was 0.725 and 0.724,
respectively. The nomogram achieved perfect discriminative power in the validation cohort to
predict OS and CSS, with C-indexes of 0.735 and 0.738, respectively. The calibration plots
displayed an acceptable agreement between nomogram-predicted survival probability and the
actual observed outcomes. The DCA revealed that the nomogram was clinically useful.
Conclusions: The novel proposed nomograms for patients with OCLM can effectively predict
the individualized probability of OS and CSS, and this predictive power can help clinicians
formulate suitable individual treatments and conduct personalized prognostic evaluation.
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1. Introduction

Ovarian cancer (OC), a malignant aggressive
gynecologic disease, is the sixth most common
tumor in women, with the highest mortality rate
among gynecology malignancies?. It was reported
that up to 13,850 women died from OC yearly in the
United States, and the 5-year survival probability of
all types of OC was about 47%?* 3. The incidence of
OC is also steadily growing in China* Despite
advancements in diagnosis and treatments of OC,
most patients still suffer death owing to the fact
that more than 60% women are diagnosed in
advanced stage of the disease (stage IlI-IV) when
distant metastases are already present, which can
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partly account for the serious mortality rate> ®. It
has been proved that OC has a high propensity to
metastasize  to  distant organs  through
hematogenous, peritoneal, and lymphatic route at
the time of diagnosis’. A study found that liver is the
most frequent site of distant metastases for OC2.
Liver metastases usually present at the time of
diagnosis or during the evolution of OC, which
commonly related to widespread dissemination
and adverse performance status®. Although the
incidence of such metastasis is rare, increasing
evidence has indicated that the prevalence of liver
metastases may be underestimated, and nearly
50% of the patients had liver metastasis at the time
of death®. However, OC with liver metastases has a
very disappointing outcome, with a median
untreated survival time of 3 to 4 months!® 11,

Early assessment of the survival for metastatic
OC can facilitate the doctors to plan individual
treatment programs. Nevertheless, a reliable
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prognostic model on the survival probability of
liver-only metastatic in OC patients in a large
population is lacking. Nomogram, a statistical
prediction tool incorporated important prognostic
factors, has been commonly utilized in clinical help
to predict outcome!***, However, the application
of nomogram in OC patients with liver metastases
is still missing at present. Therefore, we aimed to
construct and validate nomograms involving a large
population to visually predict the OS and CSS of
OCLM.

2. Methods
Study population and inclusion criteria

Data for this study were collected from the SEER
database, which comprises 18 population-based
cancer registries and represents nearly 30% of US
population®. Primary ovarian cancer patients
initially diagnosed between 2010 and 2015 were
included (since the information of liver metastases
was unavailable until 2010). National Cancer
Institute SEER*Stat software (version 8.3.5) was
used to filter and collect the information of the
eligible patients. The site recodes ICD-O-3/WHO
2008 was limited to “Ovarian”. The SEER database
was publicly available, so no institutional review
board approval was needed for this work. Finally,
35328 patients were initially included. The inclusion
criteria were (1) diagnosed with OC as primary
malignancy; (2) age at diagnosis>18 and female
patients; (3) metastases site limited to a liver only;
(4) detailed information on survival time and cause
of death; (5) known surgery status. Finally, the
whole cohort consisted of 1335 patients. The
detailed patient selection process is shown in
Figure 1. To construct and validate the models,
individuals were randomly divided in a 1-to-1 ratio,
forming a development cohort (n = 668) and a
validation cohort (n =667).

Prognostic factors

Demographic and clinicopathological factors
were collected to predict the prognosis of OCLM in
the development cohort, including age, tumor size,
race, insurance status, marital status, surgery
records, histological grade, laterality (left, right,
bilateral, and other), primary T category, primary N
category, follow-up duration and reason of death.
Continuous variables including age and tumor size
were stratified into three groups (Figure 2), using
the X-tile software to explore the optimal cutoff
values®®. The tumor size was stratified into four
groups, namely, <8 mm, 8-129 mm, 2130 and
other. The age was stratified into three groups,
namely, <70, 71 to 79, and >80 years. The OS
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referred to the time duration from initial diagnosis
to death or last follow-up, without limitation the
reason of death. CSS was defined as the time
duration from the initially diagnosis to death
attributed to OCLM in the absence of other causes.
Censored events indicated that patients who were
still alive at the time point of last follow-up.

Statistical analyses

The differences between categorical factors
were compared with Chi-square test. Kaplan-Meier
method and log-rank test were applied to perform
univariate prognostic analysis. The candidate
factors with P < 0.05 in the univariate analysis were
fitted into multivariate analysis. The identified
prognostic variables for OCLM were used to
establish nomogram for predicting 1-, 3- and 5-year
OS and CSS. We validated the performance of
nomograms in two cohorts using concordance
index (C-index)Y’. The calibration curves were
constructed to show consistency between
predicted and observed outcome using 1000
bootstrap resamples. In addition, the rcorrp.cens
package in Hmisc in R was used to compare the
novel model and the AJCC"™" TNM staging system.
All statistical analyses were performed using R
software version 3.6.3. A two-tailed P < 0.05 was
considered as statistically significant during all
analyses process.

3.Results
Patient characteristics

Through rigorous screening, a total of 1,335
patients diagnosed with OCLM that met our criteria
were included from the SEER database. Those
individuals were randomly allocated to two groups,
therefore obtaining two groups with 668 patients in
the training group and 667 in the validation group.
A total of 433 patients died from OCLM, and 38
patients died from other reasons in the
development group. In the validation group, 464
patients died from OCLM, while 26 died from other
reasons. When compared among two subgroups, it
was found that there were no obvious differences
between the development and validation groups in
all included clinicopathological characteristics. The
demographic and clinicopathological features of
the patients in the two groups are illustrated in
Table 1.

Prognostic variables associated with OS and CSS
and Nomogram construction

As is shown in Table 2 and Table 3, age at
diagnosis, race, marital status, surgery status,
tumor size, laterality, primary T category, and
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primary N category were found initially related to
OS and CSS in the univariate analysis in the training
group. These factors were further selected to
perform the multivariate Cox analysis in order to
control for confounding variables. After adjusting
for the above potential variables, the multivariate
Cox analysis revealed that four factors including age
at diagnosis, race, marital status as well as surgery
status were remained independent prognostic
predictors for OS and CSS. Nomograms for
predicting 1-, 3- and 5-year OS and CSS were
constructed with the four identified variables in the
development group (Figure 3). Accordingly, every
factor yielded a corresponding score in the two
models (Table 4). An individual subject’s score was
placed on each variable axis, and a vertical line is
drawn upward to locate the number of points
received for each variable value. After repeating
the process for each variable, a line is drawn
downward to the survival axes to identify the risk of
1-, 3- and 5-year survival.

Calibration and Validation of the Nomograms

We performed both internal and external
validation of the nomograms. Internal validation
demonstrated the Concordance-index of the
nomograms for OS and CSS was 0.725 (95%
confidence interval [Cl]: 0.701-0.750) and 0.724
(95%Cl: 0.700-0.750), respectively. Moreover, the
Concordance-index for the nomograms predicting
OS and CSS were 0.735 (95%Cl: 0.712-0.758) and
0.738 (95%Cl: 0.715—-0.761) in the validation group,
respectively. The nomogram showed perfect
accuracy for OS and CSS prediction. A calibration
plot along the 45-degree line in two groups would
illustrate an ideal calibration model between the
bootstrap-predicted probabilities and the actual
survival. The calibration plots of the models for the
0OS and CSS in the development group (Figure 4A, C)
and validation group (Figure 4B, D) displayed a
good consistency between the model prediction
and observed survival for 1-, 3- and 5-year OS and
CSS. Furthermore, we compared the OCLM
nomograms for OS and CSS with the conventional
AJCC™™ TNM staging system in term of C-index. As
expected, the C-index of the AJCC staging system
for predicting OS and CSS was 0.528 (95%Cl: 0.497—-
0.557) and 0.550 (95% CI: 0.521-0.579) in the
development group, which obviously did not fare as
well as the present models. Moreover, these results
were also confirmed in the validation group. These
evidences revealed that the models of
discrimination yielded superiority than the AJCC
staging system.
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Decision curve analysis

The clinical usability of between the nomograms
and AJCC™™ TNM staging system as well as grade
was carried out using decision curve analysis (DCA)
plot in the combined evaluation and validation
cohorts®®, It was revealed that if the threshold
probability ranged from 0.33-0.96 in the entire
cohorts, using the nomogram to predict OS yields
more net benefit than the treat-all or treat-none
strategies. Furthermore, the nomogram showed a
higher net benefit than the AJCC staging system and
grade (Figure 5A). Moreover, the nomogram also
had excellent clinical usability in predicting CSS with
threshold probabilities from 0.32 to 0.94, which
was excellent than the AJCC staging system and
grade (Figure 5B). These results indicate that the
nomograms presented powerful predictive ability
for survival.

4. Discussion

OC has historically been termed the “silent killer”
since up to 62% of the disease occurs as distant
disease, which influencing the survival of patients
seriously®. It has been widely accepted that
metastasize  via  intraperitoneal route of
dissemination is the common typical form of
extraovarian tumor spread. OCLM was reported in
approximately half of patients at autopsy®.
However, the overall and cancer-specific survival
probability of liver-only metastatic in OC patients
has not been well studied. In the present study, we
screened lots of records from the SEER database.
We identified potential independent prognostic
variables and constructed a nomogram to accurate
predict OS and CSS probability in patients with
OCLM. The findings revealed that the two
constructed nomograms predicting 1-, 3- and 5-
year OS and CSS of OCLM effectively. In addition,
the nomograms presented good discrimination and
calibration as shown by calibration plots.
Furthermore, our nomograms demonstrated more
powerful predictive effect than the AJCC™" TNM
staging system and grade. Therefore, we deemed
that the novel models trustworthy and its
predicting power strong.

According to the multivariate Cox proportional
hazards model, four clinicopathological factors,
patient age, race, surgery, and marital status, were
found to be independently related to OS and CSS in
patients with OCLM. In our study, an increasing age
(>80 years) was revealed to be associated with a
poor survival outcome. Previous studies have been
reported similar results'®. Increasing age was
associated with hematogenous metastases to liver
in serous ovarian cancer!®2!, A recently nomogram
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based on SIRT3 to predict survival of serous ovarian
cancer illustrated age as an independent factor
sharing the largest contribution to 0S%°. It was also
revealed that age and distant metastasis were
independent prognostic factors in malignant
Brenner tumors, and younger age and negative
distant metastasis were related to favorable
prognosis?!. Besides, patient marital status as well
as race was also found to be independent
prognostic factors for OC?>24 It was found that
widowed epithelial ovarian cancer patients had
worse outcome than other conditions, while the
never married patients presented similar risk of
mortality as the married ones revealed by a SEER-
based study?. It was confirmed that patients with
only one tumor suffer more distress, depression,
and anxiety than married ones?. Racial and ethnic
differences in survival have been previously
reported for several gynecologic malignancies,
including ovary cancers?®. A population-based study
also revealed that Black populations were positive
associated with survival of epithelial ovarian
cancer, while married ones were negatively
associated with prognosis of epithelial ovarian
cancer?. It was known that surgery is currently the
best available potentially curative treatment in
patients with OC who present with early stage
disease. Surgical operation was associated with
decreased all-cause and cancer-specific mortality in
patients with ovarian carcinosarcoma??. We found
that age older than 80 years of age, black,
unmarried, and surgery not performed were the
main factors that increased the mortality rate of
patients. All of these important variables were
incorporated into precise nomogram models for
predicting OS and CSS, respectively, which provided
an effective tool for estimating prognosis.

The C-indexes of internal validation regarding OS
and CSS were 0.725 and 0.724, respectively.
Moreover, the C-index in the external validation
group was 0.735 and 0.738, respectively. Several
studies have demonstrated that nomogram
presents better predictive power than the AJCC
staging system in a few cancers, and therefore its
usability has been validated as an alternative or
even a new promising standard?’?°. Notably, the
discrimination of our nomograms was superior to
that of the AJCC TNM classification (0.72 vs 0.58 for
development cohort and 0.55 vs 0.73 for validation
cohort with respect to 0OS). Furthermore, these
results were also confirmed in the validation group.
Moreover, according to the findings of the DCA, the
nomograms also presented perfect clinical usability
in predicting OS and CSS with a wide range of
threshold probabilities.
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Although these nomograms have good accuracy,
certain limitations also deserved mention. First,
they were established using retrospective data
derived from a public database, which may not
completely avoid inherent bias. Second, some
information regarding chemotherapy, serum tumor
markers, and vascular infiltration, are not available
in the present SEER database. Therefore, more
well-designed  studies could improve our
nomograms by incorporating these factors based
on their predictive power. Finally, as a simple-to-
use clinical nomogram for clinicians to make
decisions, the nomogram failed to include all
potential prognostic variables and therefore may
not constantly present absolutely accurate
prognoses in clinical practice.

In conclusion, we established two nomograms
that estimated 1-, 3- and 5-year OS and CSS for
patients with OCLM. These nomograms revealed an
accurate and effective predictive power as
suggested by internal and external validation.
These easy-to-use nomograms can help clinicians
formulate suitable individual treatments and
conduct personalized prognostic evaluation.
However, further external validation in different
populations is still needed.
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Figures and Tables
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Figure 1. The flow diagram of the detailed process of patients screen
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Figure 2. The graphs illustrate defining the optimal cutoff points of age and tumor size using X-tile
software. The black dot demonstrates the ideal cutoff points of age and tumor size that had been
determined (A, D). The histogram (B, E) and Kaplan—Meier (C, F) were established according to the
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determined cutoff points. Ideal cutoff points of age and tumor size were determined as 70 and 79 years, 8
and 130 mm based on survival, respectively.
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Figure 3. (A) Nomograms for predicting 1-, 3- and 5-year overall survival (OS) and (B) cancer-specific
survival (CSS) of patients with OCLM.
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validation sets (B, D). Bootstrap-predicted outcome is placed on the x-axis, and actual probabilities were

plotted on the y-axis. Vertical bars illustrate 95% Cls measured by Kaplan-Meier analysis. Gray lines along
the 45° line passing the origin point indicate a perfect calibration nomogram.
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Figure 5. Decision curve analysis for the ovarian cancer liver metastasis risk nomogram in terms of overall
survival (A) and cancer-specific survival (B). The x-axis demonstrates the threshold probability. The y-axis
suggests the net benefit.
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Table 1. Clinicopathological characteristics of patients in the development cohort and validation cohort

Characteristics Development cohort (N=668) Validation cohort (N=667) P value
Age 0.701
18-70 years 438 423
71-79 years 129 139
>80 years 101 105
Race 0.084
Black 76 94
White 536 534
Other 56 39
Marital status 0.573
Married 312 294
Unmarried 324 336
Unknown 32 37
Insurance status
Yes 631 622 0.331
No 29 30
Unknown 8 15
Laterality 0.754
Left 108 101
Right 112 125
Bilateral 436 427
Other 12 14
Histological grade 0.655
| 4 8
1] 24 24
I 189 172
\ 109 117
Unknown 342 346
T stage 0.211
TO 6 13
T1 30 24
T2 54 46
T3 474 460
TX 104 124
N stage 0.407
NO 342 317
N1 208 223
NX 118 127
Tumor size 0.449
<8mm 10 18
8.1-129mm 277 282
>130mm 104 103
Unknown 277 264
Surgery 0.379
Performed 377 360
None 291 307
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Table 2. Univariate and multivariate analyses of prognostic factors associated with overall survival of
patients with liver metastasis in ovarian cancer in the development cohort

Univariate analysis

Multivariate analysis

Variables HR(95%Cl) P value HR(95%Cl) P value
Age
18-70 years 1 (Reference) 1 (Reference)
71-79 years 1.3790(1.095-1.736) 0.00625 1.1340(0.8935-1.4393) 0.300989
>80 years 3.2043(2.522-4.071) <2E-16 1.6276(1.2392-2.1379) 0.000463
Race
Black 1 (Reference) 1 (Reference)
White 0.6413(0.4915-0.8367) 0.00106 0.7206(0.5455-0.952) 0.021081
Other 0.5725(0.3788-0.8651) 0.0081 0.8282(0.5418-1.2659) 0.383872
Marital status
Unmarried 1 (Reference) 1 (Reference)
Married 0.6132(0.5083-0.7397) 3.22E-07 0.7973(0.6522-0.9748) 0.027152
Unknown 0.9822(0.6459-1.4938) 0.933 0.9488(0.6109-1.4734) 0.814877
Insurance status
No 1 (Reference)
Yes 0.9510(0.6135-1.474) 0.822
Unknown 0.8515(0.2920-2.483) 0.768
Laterality
Left 1 (Reference) 1 (Reference)
Right 0.808(0.5927-1.1015) 0.1774 1.0793(0.7825-1.4886) 0.642006
Bilateral 0.7715(0.6068-0.9808) 0.0342 0.855(0.6588-1.1097) 0.239055
Other 1.9231(1.0495-3.5240) 0.0343 0.857(0.4552-1.6136) 0.632692
Histological grade
| 1 (Reference)
1] 1.7817(0.2352-13.50) 0.576
1] 2.2131(0.3092-15.84) 0.429
v 1.6334(0.2261-11.80) 0.627
Unknown 4.2476(0.5959-30.28) 0.149
T stage
TO 1 (Reference) 1 (Reference)
T1 0.6113(0.2328-1.6052) 0.3177 2.1961(0.4728-10.1998) 0.315381
T2 0.3933(0.1546-1.005) 0.0501 1.2016(0.2697-5.3545) 0.809604
T3 0.2767(0.1140-0.6713) 0.0045 1.3088(0.3002-5.7069) 0.720213
TX 0.7758(0.3154-1.9083) 0.5804 1.7597(0.3998-7.7454) 0.454803
N stage
NO 1 (Reference) 1 (Reference)
N1 0.8708(0.7052-1.075) 0.199 0.9478(0.7632-1.1771) 0.627733
NX 1.7762(1.4041-2.247) 1.67E-06 1.1598(0.8993-1.4958) 0.253305
Tumor size
<8mm 1 (Reference) 1 (Reference)
8.1-129mm 0.3492(0.1716-0.7108) 0.00371 0.4662(0.1453-1.4956) 0.199418
>130mm 0.3921(0.1884-0.8163) 0.01233 0.5237(0.1612-1.7012) 0.281894
Unknown 0.5874(0.2898-1.1905) 0.13987 0.5046(0.1567-1.6252) 0.251732
Surgery
None 1 (Reference) 1 (Reference)
Performed 0.2264(0.1869-0.2742) <2.00E-16 0.2861(0.2268-0.3608) <2.00E-16

2020, Vol. XXIX, N°5, 83-95

REVISTA ARGENTINA
DE CLINICA PSICOLOGICA



94 |

Liu Jin, Weiling Gu, Liang Xie, Xuegqin Li, Linhong Wang, Zhongwen Chen

Table 3. Univariate and multivariate analyses of prognostic factors associated with cancer-specific survival of

patients with liver metastasis in ovarian cancer in the development cohort

Univariate analysis

Multivariate analysis

Variables HR(95%Cl) P value HR(95%Cl) P value
Age
18-70 years 1 (Reference) 1 (Reference)
71-79 years 1.39(1.098-1.759) 0.00613 1.1403(0.8927-1.4564) 0.293192
>80 years 3.363(2.597-4.355) 2.00E-16 1.6782(1.2516-2.2504) 0.000542
Race
Black 1 (Reference) 1 (Reference)
White 0.6198(0.4725-0.8130) 0.00055 0.707(0.5313-0.9408) 0.017365
Other 0.5496(0.3569-0.8464) 0.00658 0.7791(0.4996-1.2149) 0.270766
Marital status
Unmarried 1 (Reference) 1 (Reference)
Married 0.5841(0.4801-0.7106) 7.66E-08 0.7334(0.5947-0.9043) 0.003719
Unknown 0.9387(0.6113-1.4414) 0.772 0.9057(0.5772-1.4212) 0.666527
Insurance status
No 1 (Reference)
Yes 0.9562(0.5958-1.534) 0.853
Unknown 0.8708(0.2944-2.756) 0.803
Laterality
Left 1 (Reference) 1 (Reference)
Right 0.7923(0.5735-1.095) 0.1581 1.1264(0.8027-1.5807) 0.490967
Bilateral 0.7481(0.5823-0.961) 0.02314 0.8814(0.6709-1.1579) 0.364358
Other 2.4117(1.2775-4.553) 0.00662 1.3371(0.6914-2.5858) 0.387947
Histological grade
I 1 (Reference)
I 1.812(0.2391-13.73) 0.565
1] 2.208(0.3083-15.82) 0.43
v 1.679(0.2323-12.13) 0.608
Unknown 4.165(0.584-29.7) 0.155
T stage
TO 1 (Reference) 1 (Reference)
T1 0.6163(0.2347-1.6183) 0.32574 2.1563(0.462-10.0641) 0.328305
T2 0.3846(0.1505-0.9831) 0.04599 1.1826(0.2638-5.3011) 0.826534
T3 0.2733(0.1126-0.6636) 0.00416 1.3082(0.2988-5.7279) 0.721438
X 0.7355(0.2980-1.8154) 0.50518 1.5655(0.3531-6.9417) 0.555282
N stage
NO 1 (Reference) 1 (Reference)
N1 0.8734(0.7005-1.089) 0.229 0.9594(0.7646-1.20339) 0.720641
NX 1.8661(1.4627-2.381) 5.17E-07 1.2462(0.9579-1.6214) 0.101147
Tumor size
<8mm 1 (Reference) 1 (Reference)
8.1-129mm 0.3357(0.1647-0.6844) 0.00267 0.4659(0.1447-1.5006) 0.20059
2130mm 0.394(0.1889-0.8215) 0.01298 0.5295(0.1623-1.7277) 0.291995
Unknown 0.5814(0.2685-1.1798) 0.13308 0.5382(0.1665-1.7398) 0.300714
Surgery
None 1 (Reference) 1 (Reference)
Performed 0.2248(0.1841-0.2745) 2.00E-16 0.2841(0.2239-0.3605) 2.00E-16
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Table 4. Detailed points of each predictor in the nomograms

Characteristic

overall survival nomogram

cancer-specific survival nomogram

Age
18-70 years
71-79 years

>80 years

Race

Black

White
Other
Marital status
Married
Unmarried
Unknown
Surgery
Performed
None

0
9
37

27

0
13

18
18

100

0
10
39

29

0
10

24
18

100

2020, Vol. XXIX, N°5, 83-95

REVISTA ARGENTINA

DE CLINICA PSICOLOGICA



