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 Background: Gallbladder adenocarcinoma (GBAC) is globally acknowledged as one of the most common malignancies among 
all gastrointestinal cancers. Despite prognosis of GBAC patients remains poor, patients with early-stage disease 
can be observed with long-term survival.

 Material/Methods: In this study, 2556 patients with pathological GBAC between 2010 and 2015 were derived from the Surveillance, 
Epidemiology, and End Results (SEER) database. The prognostic nomograms containing all independent prog-
nostic factors for predicting overall survival (OS) and cancer-specific survival (CSS) were constructed to achieve 
superior prognostic discriminatory ability.

 Results: Based on the AJCC 7th TNM staging system, we found the TNM substaging was not accurate enough to predict 
the survival and stratify the risk. Based on the results of univariate and multivariate analyses, a more precise 
prognostic nomogram was constructed containing all significant independent prognostic factors (age, grade, 
TNM stage, bone metastasis, and chemotherapy) for OS, while age, grade, TNM stage, bone metastasis and ra-
diotherapy significant independent prognostic factors for CSS. The C-index of the constructed nomogram for 
predicting OS and CSS was 0.740 and 0.737 higher than that of TNM staging alone (0.667 for OS and 0.689 
for CSS), respectively. In addition, the calibration curves and decision curve analysis further showed its robust 
power in survival prediction.

 Conclusions: The constructed nomograms showed better discrimination abilities to predict OS and CSS rates at 1, 3, and 5 
years. In the future, these constructed models for this disease will assist in risk stratification to guide GBAC 
treatment.
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Background

Gallbladder cancer (GBC) globally accounts for 80-95% of all 
biliary tract cancers and is the sixth most common malignancy 
among all gastrointestinal cancers [1]. Among all GBC, gallblad-
der adenocarcinoma (GBAC) is well-known as the most com-
mon subtype. The annual incidence of GBAC is estimated at 
3 per 100 000 population. However, its 5-year overall surviv-
al (OS) rate of GBAC remains poor, which is the lowest among 
gastrointestinal cancers [2,3]. However, the 5-year OS of GBAC 
patients is variable depending on American Joint Committee 
on Cancer (AJCC) staging (range: 10-85%) [4,5]. Although the 
prognosis of advanced-stage GBAC patients remains poor, pa-
tients diagnosed and treated at an early stage of disease can 
have good long-term survival [6]. Surgery remains the first-
line therapy for patients with resectable GBAC [7]. Thus, the 
prediction of survival for patients with resectable GBAC seems 
to be quite important.

Although there have been many reports on the prognosis of 
GBAC, most studies have focused on OS based on a single in-
dicator, such as the AJCC Tumor, Node, Metastasis (TNM) stag-
ing system [8], lymph node metastasis [9], tumor location [10], 
and biological biomarkers [11,12]. However, for resectable GBAC 
patients, there are few appropriate risk factors for OS and can-
cer-specific survival (CSS) owing to the lack of a large-scale 
population-based study or inappropriate dataset construction. 
Although Xiao et al [13] developed a nomogram to predict the 
survival of resected GBC patients, adjuvant therapies and CSS 
were ignored in their model. Therefore, it was urgent to find a 
method to evaluate the prognosis of resected GBAC patients 
through research in a large cohort.

Nomograms are widely regarded as useful and reliable tools to 
stratify risk by containing vital indicators for oncologic prog-
nosis [14]. However, the clinical application of nomograms in 
GBAC patients with surgery based on basic clinicopathologi-
cal characteristics remains unclear. In this study, data derived 
from the Surveillance, Epidemiology, and End Results (SEER) 
database were used to identify significant prognostic indica-
tors influencing OS and CSS of resected GBAC patients and we 
formulated separate nomograms for predicting the prognosis.

Material and Methods

Data Collection and Inclusion

The data used in this study were retrieved and are freely avail-
able from SEER*Stat Database (www.seer.cancer.gov): Incidence 
– SEER 18 Regs Custom Data (with additional treatment fields), 
Nov 2017 Sub (1973-2015 varying).

In this study, the inclusion criteria included that patients were 
pathologically diagnosed with GBAC from 2010 to 2015 as 
other published studies, and all patients need to receive sur-
gical resection. The exclusion criteria excluded patients with 
unknown seventh edition of the AJCC TNM staging or more 
than one primary malignancy. The following data from each 
patient were collected for analysis: race, gender, age, differen-
tiation grade, T stage, N stage, M stage, chemotherapy, radio-
therapy, bone, brain, liver and lung metastasis, AJCC 7th TNM 
staging, survival data, and cause of death. OS was calculated 
by the time interval between diagnosis and death or censor-
ing, and CSS was defined as the time interval from the date 
of diagnosis to the time of cancer-related death or censoring.

Statistical Analysis

Statistical analyses were applied with R software version 4.0.2 
and SPSS software version 21.1. Continuous variables ae pre-
sented as medians with inter quartile ranges (IQRs), and cat-
egorical variables are shown as frequencies with percentages. 
With univariate and multivariate Cox proportional hazards re-
gression analyses, independent prognostic factors were identi-
fied. In addition, survival curves were depicted by the Kaplan-
Meier method and compared by the log-rank test.

According to the results of multivariate survival analyses, sep-
arate prognostic nomograms for OS and CSS prediction were 
established with R software. Then, the predictive performance 
of the formulated nomograms was further assessed by concor-
dance index (C-index), calibration curves and decision curve 
analyses (DCA) as in other studies [14,15]. In the internal val-
idation, bootstraps with 500 resamples were used for these 
activities. P value <0.05 was defined as statistical significance.

Results

Clinicopathological Characteristics

Based on the inclusion and exclusion criteria, 2556 patients 
with resected GBAC were finally enrolled. There were 6548 pa-
tients from 2010 to 2015 diagnosed as having gallbladder can-
cer, and among which, 5340 patients had GBAC. Then, 1992 
patients were excluded as no surgery was performed and 94 
patients with unknown TNM staging were excluded. Finally, 
698 patients with more than one primary malignancy during 
their lifetime were excluded.

Among the enrolled cohort, the median age was 69 (IQR 60-79) 
years old and 1796 (70.3%) patients were female. Most were 
White (76.0%), 11.8% were Black, and 11.6% were of other races 
(American Indian/AK Native, Asian/Pacific Islander). Following 
the AJCC 7th TNM staging system, the number of patients with 
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stage I, II, III, and IV was 356 (14.3%), 716 (28.0%), 855 (33.5%), 
and 620 (24.3%), respectively. Some of the patients had dis-
tal metastasis: 23 had bone metastasis, 3 had brain metas-
tasis, 337 had liver metastasis, and 38 had lung metastasis. 
Regarding treatment, 417 (16.3%) patients received radiother-
apy and 941 (36.8%) received chemotherapy.

Independent Prognostic Indicators for Resected GBAC

In this cohort, the median OS and CSS were 17 and 20 months 
(IQR, 4-24 months), respectively. Concomitantly, the 1-, 3-, and 
5-year OS rates were 57.8%, 32.7%, and 23.9%, respectively, 
while the 1-, 3-, and 5-year CSS rates were 61.4%, 37.3%, and 
29.0%, respectively.

According to the univariate and multivariate analysis for OS, 
older age, advanced grade, higher 7th edition of AJCC TNM stag-
ing, bone metastasis, and no chemotherapy were independent 
prognostic risk factors (Table 1). However, for CSS, radiother-
apy (P<0.001; HR, 0.670; 95% CI, 0.573-0.784) was confirmed 
as an independent prognostic indicator instead of chemother-
apy, and the other independent risk factors were the same as 
those for OS (Table 2).

Defects in Seventh Edition of AJCC TNM Staging System 
(IIIA and IIIB, IVA, and IVB)

According to the AJCC 7th TNM staging system, the detailed 
substage data were recorded. Although both the AJCC TNM 
staging and substaging were independent prognostic indi-
cators, some defects were observed in the TNM substage. It 
was obvious that the HR of stage IIIB by multivariate anal-
yses was 3.545, which was less than stage IIIA with HR as 
3.695, and the HR of stage IVB was 4.838, which was much 
less than IVA with HR 6.945 when compared with stage I tu-
mor for OS (Table 1). Similar results were found in multivar-
iate analysis for CSS, showing that the HR of stage IIIB was 
2.934 less than IIIA 3.614, and stage IVB was 4.536 less than 
IVA 6.313 (Table 2). Thus, the TNM substaging was not accu-
rate enough to predict the survival and stratify the risk for OS 
and CSS (Figure 1A, 1B). However, survival curves of all stag-
es (I, II, III and IV) were well-separated with reasonable HRs 
and statistical significance for OS and CSS (Figure 1C, 1D).

Establishing a Prognostic Nomogram for OS and CSS

Based on the above findings, a more precise prognostic nomo-
gram was established containing all significant independent 

Variables
Overall survival

Univariate P value Multivariate P value Multivariate HR 95% CI

Age
 <70
 ³70

Ref.
<0.001

Ref.
<0.001 1.527 1.367-1.705

Grade
 I
 II
 III+IV
 Unknown

Ref.
<0.001
<0.001
<0.001

Ref.
0.005

<0.001
0.041

1.293
1.970
1.329

1.082-1.545
1.643-2.363
1.012-1.747

Chemoradiotherapy
 None
 Radio alone
 Chemo alone
 Both

Ref.
0.059
0.297

<0.001

Ref.
0.665

<0.001
<0.001

0.880
0.560
0.469

0.756-1.551
0.487-0.645
0.397-0.555

Bone metastasis
 No
 Yes
 Unknown

Ref.
<0.001
<0.001

Ref.
<0.001

0.982
2.452
1.021

1.533-3.921
0.162-6.426

TNM stage
 I
 II
 III
 IIII

Ref.
<0.001
<0.001
<0.001

Ref.
0.003

<0.001
<0.001

1.860
3.638
5.624

1.229-2.813
2.450-5.402
3.305-9.569

Table 1. Univariate and multivariate analysis of prognostic factors associated with overall survival.

If detailed AJCC TNM substage classification is applied into the multivariate analysis.
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prognostic factors (age, grade, TNM stage, bone metastasis, 
and chemotherapy) for OS (Figure 2A) and age, grade, TNM 
stage, bone metastasis, and radiotherapy for CSS (Figure 2B). 
The C-index for OS and CSS prediction with the constructed 
nomogram was separately 0.740 (95% CI: 0.7397-0.7403) and 
0.737 (95% CI: 0.7367-0.7373), which was higher than that of 
the TNM staging alone (0.667 for OS and 0.689 for CSS). The 
higher C-index was significantly associated with better pre-
dictive accuracy for OS and CSS. In addition, the calibration 
curves depicted a high consistency between the actual sur-
vival and nomogram-predicted survival for the probability of 
1-, 3-, and 5-year OS or CSS (Figure 3A-3F).

DCA-Based Comparison of the Constructed Nomograms to 
AJCC TNM Staging as Predictors for OS and CSS

As a powerful and novel evaluation method, DCA highlights the 
predictive power with perceivable clinical net benefit. Better 
net benefit was observed in the constructed nomograms with 
a wider range of threshold probability when compared to the 
AJCC TNM staging system alone, which revealed increased pre-
dictive power in predicting OS and CSS at 1, 3, and 5 years 
with our constructed nomograms (Figure 4A-4F). Meanwhile, 

higher threshold probability levels are always associated with 
the best decision outcomes.

Discussion

We analyzed more than 2500 cases selected from the SEER 
database. Through the univariate and multivariable analysis, 
we found that the age, tumor grade, AJCC TNM staging, bone 
metastasis, and chemotherapy were independent prognostic 
factors for OS, while for CSS, the age, tumor grade, AJCC TNM 
staging, bone metastasis, and radiotherapy were confirmed 
as independent prognostic indicators. Novel nomograms for 
predicting the 1-, 3-, and 5-year OS or CSS rates of GBAC pa-
tients after surgery were constructed based on the sperate 
significant independent prognostic factors. The C-index of the 
constructed nomograms was 0.740 for OS and 0.737 for CSS, 
higher than the C-index of TNM staging alone (0.667 for OS 
and 0.689 for CSS).

In previous research, age was confirmed as a meaningful risk 
indicator for GBAC diagnosis [16]. Age is also widely consid-
ered as a prognostic predictor in several malignancies, such 
as gastric cancer [17], pancreatic cancer [18], and colorectal 

Variables
Cancer specific survival

Univariate P value Multivariate P value Multivariate HR 95% CI

Age
 <70
 ³70

Ref.
<0.001

Ref.
<0.001 1.572 1.402-1.762

Grade
 I
 II
 III+IV
 Unknown

Ref.
<0.001
<0.001
<0.001

Ref.
0.022

<0.001
0.06

1.255
1.929
1.321

1.034-1.523
1.585-2.347
0.988-1.767

Chemoradiotherapy
 None
 Radio alone
 Chemo alone
 Both

Ref.
0.016
0.017
0.001

Ref.
<0.001
0.410

<0.001

0.562
1.170
0.483

0.485-0.652
0.806-1.699
0.405-0.576

Bone metastasis
 No
 Yes
 Unknown

Ref.
<0.001
<0.001

Ref.
<0.001

0.521
2.669
1.713

1.650-4.319
0.331-8.866

TNM stage
 I
 II
 III
 IIII

Ref.
<0.001
<0.001
<0.001

Ref.
0.016

<0.001
<0.001

1.738
3.349
5.244

1.109-2.725
2.186-5.131
3.013-9.128

Table 2. Univariate and multivariate analysis of prognostic factors associated with cancer-specific survival.

* If detailed AJCC TNM substage classification is applied into the multivariate analysis.
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cancer [19], as well as GBAC [20]. Chen et al reported that 
node-negative GBAC patients older than 70 years (multivariate 
HR=2.906) had significantly higher HR than those age 60-70 
years (multivariate HR=1.935) or less than 60 years (HR=1) [21]. 
In addition, in a Japanese nationwide database, 4424 patients 
with GBAC in Japan were analyzed, showing that the surviv-
al rate for patients aged less than 60 years was significant-
ly better, while the survival rate for patients aged more than 
69 years was significantly worse [22]. Thus, age as a person-
al feature is always regarded as a diagnostic and prognostic 
factor for GBAC patients.

Besides personal features, tumor biology may play another 
vital role in GBAC patients’ prognosis. Tumor grade and the 
TNM staging system reveals tumor malignant behavior, tu-
mor activity, and tumor metastatic ability. Many studies have 
validated that poorer tumor differentiation grade and high-
er TNM staging may have poorer survival for GBAC patients 
[6,23,24]. From our study, we further validated that TNM stage 
and tumor grade were the independent risk factors for resect-
ed GBAC patients, which represented the tumor intrinsic char-
acteristics influencing prognosis. However, single AJCC TNM 
staging system or tumor grade was not enough to predict 

individual survival with high power, suggesting the need for 
a modified or integrated model [21,24]. Thus, prognostic pre-
diction models seem to be rather valuable, especially for re-
sected GBAC patients, owing to the group’s potential hetero-
geneity. Additionally, distal metastasis always predicts poor 
survival for cancer patients. Here, we found that only bone 
metastasis was a significant prognostic indicator for resected 
GBAC patients. The mechanism underlying its metastasis has 
been studied at different levels, such as the TASP1-PI3K/AKT-
FAM49B pathway [25], miR-101-MAPK/Erk-Smad-ZFX path-
way [26], and PLGF/c-MYC/miR-19a [27]. GBAC preferentially 
metastasizes to regional lymph nodes (LNs) and liver paren-
chyma. Bone metastases from GBAC are a rare presentation 
[28]. GBAC commonly spreads by direct extension to the liv-
er and adjacent organs of the gastrointestinal tract, followed 
by regional LNs. Only a few case reports of GBAC with limited 
bone metastasis have been published. Presentation with GBAC 
metastases to bone without noticeable symptoms is extremely 
rare, so bone scanning is not routinely done for GBAC [29,30]. 
However, bone metastasis, but not liver, lung, and brain me-
tastasis, was significantly associated with survival in resected 
GBAC patients owing to its malignant character.
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Figure 1.  Kaplan-Meier survival curves for OS and CSS of patients with resected GBAC according to AJCC TNM staging system. (A) OS 
and (B) CSS with detailed substaging system; (C) OS and (D) CSS with overall staging system.
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Moreover, adjuvant chemoradiotherapy is always recommend-
ed for resected GBAC patients. In addition to the traditional 
first-line chemotherapy regimen, Ostwal et al recommended 
use of adjuvant chemotherapy with gemcitabine-cisplatin (GC) 
in stage II-III GBC patients undergoing R0 resections by group. 
They found patients receiving adjuvant GC had good toler-
ance, high completion rates, and encouraging outcomes [31]. 

Ren et al [32] performed a meta-analysis of 21 clinical trials, 
showing the 5-year OS rate was higher in the adjuvant radio-
therapy group than in the group with no radiotherapy (OR=0.63; 
95% CI=0.50-0.81, p=0.0002). Similarly, Kim et al [33] also re-
ported that adjuvant chemotherapy/radiotherapy was uti-
lized in 36% of patients with curative-intent resection for GBC, 
and after adjusted analyses, chemotherapy/radiotherapy was 
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Figure 2.  Prognostic nomograms constructed for resected GBAC. (A) Formulated nomogram for OS of resected GBAC and 
(B) formulated nomogram for CSS of resected GBAC.
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Figure 3.  Calibration curves validation for resected GBAC. The calibration curves predict OS at (A) 1 years, (B) 3 years and (C) 5 years 
and CSS at (D) 1 years, (E) 3 years, (F) 5 years.
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Figure 4.  Decision curve analyses for resected GBAC. The decision curve analyses depict the clinical net benefit with threshold 
probability to compare the constructed nomograms and AJCC TNM staging system by assessing (A) 1-year, (B) 3-year, 
(C) 5-year OS and (D) 1-year, (E) 3-year, (F) 5-year CSS.
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independently associated with improved long-term survival, 
but the benefit was isolated to only patients with high-risk 
characteristics. In addition, Wang et al [34] found that the im-
mune index including cytotoxic T cells, regulatory T cells, mast 
cells, neutrophils, and macrophages could effectively predict 
prognosis and the benefits of gemcitabine-based chemother-
apy, which might improve the TNM staging system. In anoth-
er subgroup analysis for adjuvant radiotherapy for stage IIIB 
GBAC, no survival benefit was received from adjuvant radiother-
apy [35]. The endpoints of OS may include many events, and 
GBAC may have poor response to chemotherapy, so chemother-
apy was not a predictor of CSS in our analysis. Radiotherapy 
targets local tissues and can harm the cardiovascular system 
and organ function, so radiotherapy may be a predictor of CSS. 
Therefore, nomograms for OS including chemotherapy or for 
CSS including radiotherapy may be influenced by the tumor 
biology, immune pattern, or individual status.

Although there are many models for prognosis analysis of GBC 
based on the SEER database [36-40], the studies either analyzed 
the data of all patients with GBC cancer or did not include the 
data on neoadjuvant therapy. The present study only focused 
on patients with postoperative GBAC and included the data on 
neoadjuvant therapy, and we also analyzed the types of post-
operative organ metastasis. In the current study, the calibration 
curves revealed promising consistencies between predictive 

survival and actual survival, and DCA revealed the constructed 
nomograms showed better net benefits with a wider range of 
threshold probability when compared to the AJCC TNM stag-
ing system alone. In our constructed models, the nomograms 
with common and easily-accessible factors were easy to use. 
However, our study has several limitations. First, it is just a ret-
rospective study, and lacked sufficient validations and many 
important indicators such as chemotherapy regimens, CA 19-
9, and preoperative hyperbilirubinemia, so a large multicenter 
prospective study is required. Second, the C-index of the no-
mograms was good but not perfect, and further research is 
needed to improve the quality of the nomograms.

Conclusions

Our present study concluded that age, tumor grade, AJCC TNM 
staging, bone metastasis, and chemotherapy were indepen-
dent prognostic factors for OS, while age, tumor grade, AJCC 
TNM staging, bone metastasis, and radiotherapy were inde-
pendent prognostic factors for CSS of resected GBAC patients. 
Furthermore, nomograms constructed in this study showed 
better discrimination abilities to predict 1-, 3-, and 5-year OS 
and CSS rates. These constructed models for this disease may 
help in risk stratification to guide GBAC treatment.
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