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ABSTRACT

This article compares the clinical characteristics and prognosis of patients in
different age groups with gallbladder cancer (GBC) treated by surgical resection. We
retrospectively studied Surveillance, Epidemiology, and End Results (SEER) population-
based data and identified 10,568 patients with GBC who underwent surgical treatment
from 1980 to 2013. The patients were categorized according to age at diagnosis: <60
years (young group) or =260 years (old group). Five-year cancer-specific survival data
were obtained. Kaplan—Meier methods and multivariable Cox regression models were
used to analyze long-term survival outcomes and risk factors. Patients in the young
group had a higher proportion of white race within-group comparisons, a higher
rate of tumors at TNM stage III/IV, a higher frequency of >5-cm tumors, a lower
prevalence of a localized SEER stage, a higher number of lymph nodes dissected (=2
nodes), and a lower proportion of tumors among patients with a widowed marital
status, all of which were statistically significant within-group differences (P < 0.001).
Age at diagnosis was an independent prognostic factor in the multivariate analysis
(P < 0.001). The 5-year gallbladder cancer cause-specific survival rate was 26.7% in
the young group and 16.2% in the old group, which showed statistical significance in
both the univariate and multivariate analysis (P < 0.001). Conclusions Young patients
with GBC treated with surgical resection appear to have unique characteristics and
a higher cancer-specific survival rate than older patients, although they showed a
higher rate of poor biological behavior and advanced-stage disease.

INTRODUCTION

Gallbladder cancer (GBC) is the most common
biliary tract neoplasm worldwide and the fifth most
common cancer of the digestive system [1, 2]. It is
considered the most aggressive type of cancer among
biliary tract cancers because of its poor prognosis and
absence of effective therapy [3]. Although many advances
have been made in the diagnosis and treatment of this

disease, including surgery, chemotherapy, radiotherapy, and
molecular-targeted therapy, the prognosis of GBC is still
poor, with a 5-year survival rate of <5% [3—6]. This dismal
prognosis is due to its aggressive features and the lack of
effective screening tests for early detection [7]. Only a small
percentage of patients undergo curative surgical resection,
and the rate of locoregional recurrence is high.

GBC is infrequent in developed countries but
common in some specific geographical regions of
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developing countries [8]. Although Eastern and Central
Europe, South and Central America, South Asia, and
Japan are endemic areas of gallbladder malignancy, little is
known about the pathogenesis and clinical characteristics
of GBC in young patients [9, 10].

GBC is generally known as a disease of elderly people
and rarely develops in younger patients, with an incidence
0f 0.1% to 1.0% in people aged <30 years [11, 12]. Studies
have shown that age at diagnosis has a significant impact
on survival of patients with various cancers, including liver
cancer, colorectal cancer, gastric cancer, and breast cancer;
additionally, young patients have a better prognosis and
lower mortality associated with major causes of death than
do elderly patients [13—16].

Little is known about the effect of age on survival
among patients with GBC. Therefore, we investigated the
relationship between age and GBC survival in the present
study. We used data from the Surveillance, Epidemiology,
and End Results (SEER) registry to analyze the effect of
age on the clinicopathological features and survival of
patients with GBC after surgery.

RESULTS

Baseline patient characteristics

We identified 10,568 eligible patients during the
33-year study period (1980-2013), including 2,860 male
and 7,708 female patients. The patients were categorized
according to age at diagnosis into the young group (<60
years of age) and the old group (>60 years of age). The
young group comprised 2,860 (27.1%) patients, and
the old group comprised 7,708 (72.9%) patients. The
median ages in young and old groups were 53 and 75
years, respectively. Within-group comparisons in the
young group showed significant differences in race (more
frequent in black patients, P < 0.001), years of diagnosis
(more prevalent in recent years [2002-2013], P < 0.001),
TNM stage (higher frequency of TNM III/IV GBC,
P < 0.001), tumor size (higher frequency of >5-cm
tumors, P <0.001), SEER stage (fewer localized tumors,
P <0.001), number of lymph nodes (LNs) dissected (more
patients with >2 LNs dissected, P < 0.001), and marital
status (lower frequency in widowed patients, P < 0.001).
No significant differences in sex (P = 0.404), histotypes
(P = 0.132), or pathological grades (P = 0.257) were
found between the two groups. Table 1 shows the baseline
patient demographics and tumor characteristics.

Impact of age on GBC survival outcomes

The overall 5-year GBC cause-specific survival
(GCSS) was 26.7% in the young group and 16.2% in
the old group, which showed a significant difference in
the univariate log-rank test (P < 0.001) (Figure 1). All
differences were significant according to the univariate

log-rank test (all P < 0.001) (Figure 2A). Older age
(P <0.001), black race (P < 0.001), early year of diagnosis
(1980-1990) (P < 0.001), adenosquamous carcinoma (P <
0.001), poor or anaplastic pathological grade (P < 0.001),
TNM stage III/IV disease (P < 0.001), tumor size of
>5 cm (P < 0.001), SEER distant stage (P < 0.001), <2
LNs dissected (P < 0.001), and a widowed status (P <
0.001) were identified as significant risk predictors for
poor survival in the univariate analysis (Table 2). When a
multivariate analysis with Cox regression was performed,
all of the aforementioned variables except race (P =0.067)
and year of diagnosis (P = 0.160) were independent
prognostic factors for poor survival (Table 2). The risk
factors were age (>60 years; hazard ratio [HR], 1.453;
95% confidence interval [CI], 1.363—1.551), histotype
(squamous cell carcinoma: HR, 1.615; 95% CI, 1.291—
2.021; adenosquamous carcinoma: HR, 1.320; 95% CI,
1.157-1.506; other: HR, 1.218; 95% CI, 1.084-1.368),
pathological grade (poor or anaplastic tumor: HR, 1.469;
95% CI, 1.394-1.549; unknown pathological grade: HR,
0.976; 95% CI, 0.895-1.063), TNM stage (stage III/IV:
HR, 1.173; 95% CI, 0.999-1.378; unknown stage: HR,
1.304; 95% CI, 1.131-1.503), tumor size (3- to 5-cm
tumor: HR, 1.186; 95% CI, 1.063—1.323; >5-cm tumor:
HR, 1.253; 95% CI, 1.100-1.428; unstated tumor size:
HR, 1.376; 95% CI, 1.263—1.499), SEER stage (regional
stage: HR, 2.135; 95% CI, 2.006-2.273; distant stage:
HR, 3.645; 95% CI, 3.410-3.896; unstaged: HR, 1.780;
95% CI, 1.366-2.320), >2 LNs dissected (HR, 0.510; 95%
CI, 0.474-0.548), and marital status (married: HR, 0.805;
95% CI, 0.761-0.852; never married: HR, 0.943; 95%
CI, 0.866—1.027; divorced/separated: HR, 0.927; 95% CI,
0.843-1.019).

Stratified analysis of age on GBC survival based
on different pathological grades

We further analyzed the effects of age on 5-year
GCSS in patients with tumors of different pathological
grades. The results showed that young patients had a
significantly better 5-year GCSS than older patients in
the univariate analysis of different pathological grades
(P <0.001) (Table 3). We found no significant differences
in the subgroup of pathological grades among the
different age groups (Table 1), but the pathological grade
was an independent factor for 5-year GCSS in both the
univariate and multivariate analyses (P < 0.001) (Table 2).
Conversely, we discovered that older patients had a lower
survival rate for all pathological grades: For tumors with
well/moderate pathological grades, older patients had a
16.3% reduction in 5-year GCSS compared with young
patients (P < 0.001). For tumors with poor/anaplastic
pathological grades, older patients had a 4.4% reduction in
5-year GCSS compared with young patients (P < 0.001).
Age was also validated as an independent survival factor
in the multivariate Cox regression for tumors with well/

www.impactjournals.com/oncotarget

s276

Oncotarget



Table 1: Baseline demographic and tumor characteristics of patients with gallbladder cancer in the SEER database

Characteristic Total <60 >60 P
10568 (n=2165) (n=8403)
N (%) N (%) N (%)
Sex 0.404
Male 2860 (27.1) 590 (27.3) 2270 (27.0)
Female 7708 (72.9) 1575 (72.7) 6133 (73.0)
Race <0.001
White 8450 (80.2) 1601 (74.3) 6849 (81.7)
Black 948 (9.0) 306 (14.2) 642 (7.7)
Other” 1144 (10.9) 248 (11.5) 896 (10.7)
Year of diagnosis’ <0.001
1980-1990 1837 (17.4) 287 (13.3) 1550 (18.4)
1991-2001 3004 (28.4) 587 (27.1) 2417 (28.8)
2002-2013 5727 (54.2) 1291 (59.6) 4436 (52.8)
Histotype 0.132
Adenocarcinoma 9639 (91.2) 1952 (90.2) 7687 (91.5)
Squamous cell 117 (1.1) 30(1.4) 87 (1.0)
carcinoma
Adenosquamous 348 (3.3) 72 (3.3) 276 (3.3)
carcinoma
Other* 464 (4.4) 111 (5.1) 353 (4.2)
Pathological grading 0.257
Well/moderate 5321 (50.4) 1089 (50.3) 4232 (50.4)
Poor/anaplastic 3941 (37.3) 829 (38.3) 3112 (37.0)
Unknown 1306 (12.4) 247 (11.4) 1059 (12.6)
TNM stage <0.001
v 796 (7.5) 153 (7.1) 643 (7.7)
/v 1089 (10.3) 276 (12.7) 813 (9.7)
Unknown 8683 (82.2) 1736 (80.2) 6947 (82.7)
Tumor size <0.001
<3 cm 1387 (13.1) 295 (13.6) 1092 (13.0)
3-5cm 898 (8.5) 209 (9.7) 689 (8.2)
>5 cm 530 (5.0) 142 (6.6) 388 (4.6)
Not stated 7753 (73.4) 1519 (70.2) 6234 (74.2)
SEER stage <0.001
Localized 4676 (44.2) 829 (38.3) 3847 (45.8)
Regional 3015 (28.5) 657 (30.3) 2358 (28.1)
Distant 2742 (25.9) 663 (30.6) 2079 (24.7)
Unstaged 135 (1.3) 16 (0.7) 119 (1.4)
No. of LNs dissected <0.001
<2 7402 (83.1) 1391 (74.2) 6011 (85.5)
>2 1506 (16.9) 484 (25.8) 1022 (14.5)
Marital status <0.001
Widowed 3001 (29.5) 109 (5.3) 2892 (35.7)
www.impactjournals.com/oncotarget s277 Oncotarget



Married 5106 (50.7) 1290 (62.3) 3870 (47.8)
Never married 1152 (11.3) 417 (20.1) 735(9.1)
Divorced/separated 855 (8.4) 255 (12.3) 600 (7.4)

Abbreviations: SEER: Surveillance, Epidemiology, and End Results; LN: lymph node.

*Other includes American Indian/Alaska native, Asian/Pacific Islander, and unknown.

"The early and middle years of diagnosis were 11 years in duration; the latest was 12 years.

#Other cancers included signet ring carcinoma, small cell carcinoma, giant and spindle cell carcinoma, non-small cell
carcinoma, carcinoma not otherwise specified, and undifferentiated carcinoma.

moderate pathological grades (old: HR, 1.695; 95% CI,
1.559-1.843; P < 0.001) and for tumors with poor/
anaplastic pathological grades (old: HR, 1.307; 95% CI,
1.202-1.420; P < 0.001) (Table 3; Figure 2A, 2B).

Stratified analysis of age on GBC survival based
on different TNM stages

We also analyzed the effects of age on 5-year GCSS
in tumors of different TNM stages. We found that age was
an independent risk factor for poor survival in patients
with tumors of each TNM stage, both in the univariate and
multivariate analysis (P < 0.001). We also discovered that

older patients again had a lower survival rate at all TNM
stages: For stage I/II tumors, older patients had a 32.0%
reduction in 5-year GCSS compared with young patients
(75.9% vs. 43.9%, respectively; P < 0.001). For stage 11/
IV tumors, older patients had a 9.8% reduction in 5-year
GCSS compared with young patients (20.0% vs. 10.2%,
respectively; P < 0.001) (Table 4; Figure 2C, 2D).

Stratified analysis of age on GBC survival based
on different tumor sizes

We also analyzed the effects of age on 5-year GCSS
for tumors of different sizes. We found that age was an
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Figure 1: Survival curves of patients with gallbladder cancer treated with surgical resection between the young and

older groups. x> =205.371, P <0.001.
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Table 2: Univariate and multivariate survival analysis of the influence of age at diagnosis on gallbladder cancer
cause-specific survival in the SEER database

Variable

Total

5-year CCS

Univariate analysis

Multivariate analysis

Log rank

test P HR (95% CI) P

Sex 0.826 0.363 NI

Male 2860 (27.1) 17.6%

Female 7708 (72.9) 18.6%
Age 205.371 <0.001 <0.001

<60 2165 (20.5) 26.7% Reference

>60 8403 (79.5) 16.2% 1.453 (1.363-1.551)
Race 21.828 <0.001 0.067

White 8450 (80.2) 17.8% Reference

Black 948 (9.0) 16.3% 1.049 (0.965-1.139) 0.262

Other” 1144 (10.9) 23.0% 0.927 (0.857-1.002) 0.056
Year of diagnosist 138.565 <0.001 0.160

1980-1990 1837 (17.4) 14.5% Reference

1991-2001 3004 (28.4) 16.1% 0.914 (0.826-1.012) 0.082

2002-2013 5727 (54.2) 20.9% 0.905 (0.815-1.004) 0.059
Histotype 122.370 <0.001 <0.001

Adenocarcinoma 9639 (91.2) 19.0% Reference

Squamous cell 117 (1.1) 12.1% 1.615 (1.291-2.021) <0.001

carcinoma

Adenosquamous 348 (3.3) 8.6% 1.320 (1.157-1.506) <0.001

carcinoma

Other” 464 (4.4) 12.4% 1.218 (1.084-1.368) 0.001
Pathological grading 725.160 <0.001 <0.001

Well/moderate 5321 (50.4) 24.4% Reference

Poor/anaplastic 3941 (37.3) 9.5% 1.469 (1.394-1.549) <0.001

Unknown 1306 (12.4) 20.5% 0.976 (0.895-1.063) 0.573
TNM stage 277.632 <0.001 <0.001

/1 796 (7.5) 49.8%' Reference

/v 1089 (10.3) 12.8% T 1.173 (0.999-1.378) 0.052

Unknown 8683 (82.2) 17.3%T 1.304 (1.131-1.503) <0.001
Tumor size 264.355 <0.001 <0.001

<3 cm 1387 (13.1) 32.9% Reference

3-5cm 898 (8.5) 21.6% 1.186 (1.063-1.323) 0.002

>5 cm 530 (5.0) 16.2% 1.253 (1.100-1.428) 0.001

Not stated 7753 (73.4) 15.9% 1.376 (1.263-1.499) <0.001
SEER stage 2319.379 <0.001 <0.001

Localized 4676 (44.2) 33.1% Reference

Regional 3015 (28.5) 8.9% 2.135(2.006-2.273) <0.001

Distant 2742 (25.9) 3.4% 3.645 (3.410-3.896) <0.001

Unstaged 135 (1.3) 12.4% 1.780 (1.366-2.320) <0.001
No. of LNs dissected 134.124 <0.001 <0.001

<2 7402 (83.1) 16.4% Reference

>2 1506 (16.9) 31.5% 0.510 (0.474-0.548) <0.001
Marital status 129.256 <0.001 <0.001

Widowed 3001 (29.5) 13.5% Reference
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Married 5106 (50.7) 20.9%
Never married 1152 (11.3) 19.5%
Divorced/ 855 (8.4) 17.8%
separated

0.805 (0.761-0.852) <0.001
0.943 (0.866—1.027) 0.181
0.927 (0.843-1.019) 0.115

Abbreviations: SEER: Surveillance, Epidemiology, and End Results; CCS: cause-specific survival; HR: hazard ratio; CI:
confidence interval; LN: lymph node; NI: not included in the multivariate survival analysis.

*Other includes American Indian/Alaska native, Asian/Pacific Islander, and unknown.

"The early and middle years of diagnosis were 11 years in duration; the latest was 12 years.

*Other cancers included signet ring carcinoma, small cell carcinoma, giant and spindle cell carcinoma, non-small cell
carcinoma, carcinoma not otherwise specified, and undifferentiated carcinoma.

13-year CCS. Because the TNM stage records according to the AJCC Cancer Staging Manual (7th edition) in the SEER
database began in 2009 and ended in 2013, the 5-year CCS did not exist.

independent risk factor for poor survival in patients
with different tumor sizes in both the univariate and
multivariate analysis (P < 0.050). We also discovered
that older patients again had a lower survival rate for
all tumor sizes: For <3-cm tumors, older patients had a
22.1% reduction in 5-year GCSS compared with young
patients (50.4% vs. 28.3%, respectively; P < 0.001). For
3- to 5-cm tumors, older patients had a 6.0% reduction in
5-year GCSS compared with young patients (26.3% vs.
20.3%, respectively; P =0.022). For >5-cm tumors, older
patients had a 12.7% reduction in 5-year GCSS compared
with young patients (25.5% vs. 12.8%, respectively;
P <0.001) (Table 5, Figure 2E-2G).

Stratified analysis of age on GBC survival based
on different SEER stages

We likewise analyzed the effects of age on 5-year
GCSS for different tumor sizes. We found that age was
an independent risk factor for poor survival in patients
with each SEER stage in both the the univariate and
multivariate analysis (P < 0.050). We also discovered that
older patients again had a lower survival rate at all SEER
stages: For localized stage tumors, older patients had a
24.1% reduction in 5-year GCSS compared with young
patients (53.1% vs. 29.0%, respectively; P < 0.001).
For regional stage tumors, older patients had an 8.0%
reduction in 5-year GCSS compared with young patients
(15.2% vs. 7.2%, respectively; P < 0.001). For distant
stage tumors, older patients had a 1.7% reduction in 5-year
GCSS compared with young patients (4.7% vs. 3.0%,
respectively; P <0.001) (Table 6, Figure 2H-2J).

Identification of cutoff points for number of LNs
dissected in terms of 5-year GCSS

To assess the influence of different numbers of LNs
dissected on GCSS and guarantee sufficient statistical
power, we analyzed individual results using different
numbers of LNs dissected ranging from 0 to 16. The
S-year GCSS was calculated for patients with >N nodes
(number of LNs dissected) and <N nodes. The number of

LNs dissected was a prognosis factor only for N ranging
from 0 to 15. The maximum y? log-rank value of 265.629
(P <0.001) was produced, applying 2 as the optimal cutoff
value to divide the cohort into high- and low-risk subsets
in terms of 5-year GCSS (Table 7). Furthermore, the mean
number of LNs dissected was 1.18. Hence, in the present
study, patients were divided into those with <2 and >2 LNs
dissected.

DISCUSSION

Some studies have suggested young patients have
longer overall survival times and lower mortality rates
than older patients among many important causes of
cancer death [13—16]. In this study, we used the SEER
database to determine the relationship between age at
diagnosis and survival. The present study also showed
that young patients had significantly better GCSS than did
older patients. Moreover, in the multivariable analyses,
the risk for older patients lasted even after adjusting for
histologic type, pathological grade, TNM stage, tumor
size, SEER stage, number of LNs dissected, and marital
status. We first found that older patients were at high risk
of cancer-specific mortality and that the age at diagnosis
can be a protective prognostic factor in patients with GBC.

GBC is known to occur three times more frequently
in female than male patients [6, 17], which was confirmed
in our study; female and male patients accounted for
72.9% and 27.1% of all patients with GBC, respectively
(Table 1). Among women, higher gravidity and parity
increase the risk of developing this cancer [18]. However,
the sex ratio in the present study was different from that
in previous reports showing no significant difference
between the incidence in men and women; female patients
accounted for 72.9% and 72.7% of the entire group and
young group of patients with GBC, respectively (Table 1).
In contrast, female patients accounted for 72% and 75%
of the entire group and young group of patients with GBC,
respectively, in a study by Dutta et al. [19] performed in
India. The incidence of GBC increases with age [17]. The
average age at diagnosis is 72 years, and more than two-
thirds of people with GBC are aged >60 years [20].
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Kazmi et al. reported that, compared with older
patients, young patients aged less than 45 years with
GBC showed higher expression of cholecystokinin type A
receptor that was overexpressed for stage I1I as compared
with stage II GBC and for poorly and moderately

differentiated tumors compared with well-differentiated
ones, and they also found that young patients were
associated with less differentiated tumors compared with
older patients, which is consistent with the results of the
present study. However, they showed the mean survival

109 ¢ i
10 Age 107 o _ s 1 Young group
s — Young group. s Young group. g £ Eiderly group
2 " Eiderly group 2  Eiderly group L E —+~ Young group-censored|
H 4~ Young group-censored 3 ~+ Young group-censored £ e + Exderly group-censored|
5 +~ Biderly group-censored 5 * Bderly group-censored @ 05 T, b
@ o @ 05 2 y |
€ € £ o
H H i
H H & .
2 o0s @ e o 05 ol
5 06 06 @ e,
] ] 3 ,
" H
3 H .
3 3 S i
° b ° 5]
3 o4 3 o g o4
5 h g 5
S b S Q
H o
5 5
B B 3,4
B 02 ° 02 & 02
5 = 3
1 = 2
2 2 =
s s
] E——— ° ©
004 B - 004 P 00
T T T - T T T T r r T T T T T T T T
0 S0 1000 100 2000 2500 %00 0 1000 200 00 000 0 100 20 00 w00 s00
Survival months Survival months Survival months
10 » oo 10 Age 10 Age
3 2 Young group. H —1Young group 3 ~7 Young group
£ 2 ‘Eiderly group = 7 group
: || £ s 3 oo ¢ e
@ o] 7| 2 oo  Bderly roup-censored F Exderly group-censored
2 o o
g L g g%
& LY 4 2 ¥
& }
S 08 + 2 os % 06 v
8 ' @ ] 4
3 Yy 3 3 Y
& ™ a 3 o
o T
5 P T 4 kY
g 0 Y, 8 o4 Iben 8 o] y
5 H R £ H Ny
1 4] o
H Ty, k] 5 ‘\:‘_‘f;ﬁ—q- ottt
. ]
3. e 3 o R 3 0 ey
s Ty a - = jas s VNV
s e = 2
o S S
oo 00 0o
T T T T T T T T T T T T T T T T T T T T
0 100 20 00 00 00 0 20 400 &0 0 1000 1200 0 20 400 60 80 1000 120
Survival months Survival months Survival months
10 Age 10 Age 10 Age
3 Iardoun H " Young group 3 1 7 Young growp
£ group = Eiderly group = group
5 ~+ Young group-censored z - Young group-censored H 1 - Young group-censored
3 -censored 3 + 3 +
7 oo Eiderly group- @ o8 Ederly group-censored @ ool Eiderly group-censored
o o T
2 a a
Dos AL % 0s 9 06
Fi 1% 5 5
s 3 I‘L S I 1
s \ = 4
8 oa 3 \ 8 oa S0 1
€ c £ 1
s , 3 S
= e L e =il =
$ \ : " $
e, N Lisett |
3 o2 e 3 o2 3 oz
2 - = F
3 EataSSs = 5 -
© © e © "
0.0 0o R + 0.0 S
T T T T T T T T T T T T T T T T T T
1 00 400 0 800 1000 1200 o 1000 200 3000 00 000 1 1000 200 00 000
Survival months Survival months Survival months

—

1.0 Age
—Young growp

growp
4~ Young group-censored
+ Eiderly group-censored

Gallbladder Cancer Cause-Specific Survival

7

T T T T T
0 500 1000 1500 2000 2500 3000
Survival months

Figure 2: Survival curves of patients with gallbladder cancer treated with surgical resection according to age at
diagnosis. (A) Well/moderate: > = 161.07, P < 0.001. (B) Poor/anaplastic: x> = 43.489, P < 0.001. (C) TNM I/IL: *> = 23.063, P < 0.001.
(D) TNM III/IV: 4> =13.317, P < 0.001. (E) Tumor size of <3 cm: %> =36.853, P <0.001. (F) Tumor size of 3-5 cm: y>=5.274, P =0.022.
(G) Tumor size of >5 cm: y*> = 13.730, P <0.001. (H) Localized: y*> = 223.600, P < 0.001. (I) Regional: y*> = 83.634, P <0.001. (J) Distant:
¥* =53.322, P<0.001. SEER: Surveillance, Epidemiology, and End Results.
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Table 3: Univariate and multivariate analysis of age at diagnosis on gallbladder cancer cause-specific survival based

on different pathological grades

Univariate analysis

Multivariate analysis

Variable Total S-year CCS
Log rank 7y’ test P HR (95% CI) P

Pathological
grading
Well/moderate 5321 161.070 <0.001 <0.001
Age

<60 37.5% Reference Reference

>60 21.2% 161.070 <0.001 1.695 (1.559-1.843)
Poor/anaplastic 3941 43.489 <0.001 <0.001
Age

<60 12.9% Reference Reference

>60 8.5% 161.070 <0.001 1.307 (1.202-1.420)

Abbreviations: CCS: cause-specific survival; HR: hazard ratio; CI: confidence interval.

Table 4: Univariate and multivariate analysis of age at diagnosis on gallbladder cancer cause-specific survival based

on different TNM stages

Univariate analysis

Multivariate analysis

Variable Total S-year CCS
Log rank y? test P HR (95% CI) P

TNM stage
/i 796 23.063 <0.001 <0.001
Age

<60 75.9% Reference Reference

>60 43.9% 23.063 <0.001 2.886 (1.826-4.562)
/v 1089 13.317 <0.001 <0.001
Age

<60 20.0% Reference Reference

>60 10.0% 13.317 <0.001 1.367 (1.149-1.628)

Abbreviations: CCS: cause-specific survival; HR: hazard ratio; CI: confidence interval.

was significantly shorter in young patients as compared
to older patients, which different from the outcome of the
present study may be due to the relatively small sample
size (n = 39) [21]. Do et al. demonstrated that the disease-
related survival rate after 13.5 months was significantly
more favorable for young patients less than 45 years,
which is similar to the present results [22]. However,
pathological grades did not differ significantly in the two
groups, which may be due to the relatively small sample
size only with 10 young patients in their study.

It is well known that tumors with an advanced
TNM stage and poor differentiation tend to have a more
dismal prognosis than well-differentiated and moderately
differentiated tumors. In the present study, despite the
significantly higher incidence of poor prognostic factors
such as poor differentiation, advanced TNM stage, large
tumor size (>5 cm), and distant SEER stage in the young
than old group (Table 1), young patients with GBC had a

better 5-year GCSS in each subgroup of pathological grade
(Table 3), TNM stage (Table 4), tumor size (Table 5), and
SEER stage (Table 6). These findings were demonstrated
in both the univariate and multivariate analysis. Our
results are consistent with some recently published articles
exploring other tumors, including colorectal cancer,
gastric cancer, and breast cancer [14—16]. Carcinoma in
young patients shows poorer biological behavior, but the
better overall condition, better immune state, and faster
postoperative recovery in these patients may compensate
for this poorer biological behavior [14]. Older patients
had poorer survival, which might have occurred because
aging lowers the immune response, increases oxidative
stress, shortens telomeres, and causes accumulation of
senescent cells [23, 24]. Overall, a good performance
status is essential for successful postoperative treatments
and extensive lymphadenectomy. Young patients are more
inclined to gain the benefits of all therapeutic options

www.impactjournals.com/oncotarget

s282

Oncotarget



Table 5: Univariate and multivariate analysis of age at diagnosis on gallbladder cancer cause-specific survival based

on different tumor sizes

Univariate analysis

Multivariate analysis

Variable Total 5-year CCS

Log rank y? test P HR (95% CI) P

Tumor size
<3 cm 1387 36.853 <0.001 <0.001
Age

<60 50.4% Reference Reference

>60 28.3% 36.853 <0.001 1.797 (1.479-2.184)
3-5cm 898 5.274 0.022 0.025
Age

<60 26.3% Reference Reference

>60 20.3% 36.853 <0.001 1.253 (1.029-1.525)
>5 cm 530 13.730 <0.001 <0.001
Age

<60 25.5% Reference Reference

>60 12.8% 36.853 <0.001 1.557 (1.221-1.985)

Abbreviations: CCS: cause-specific survival; HR: hazard ratio; CI: confidence interval.

Table 6: Univariate and multivariate analysis of age at diagnosis on gallbladder cancer cause-specific survival based

on different SEER stages

Univariate analysis

Multivariate analysis

Variable Total S-year CCS
Log rank y’ test P HR (95% CI) P

SEER stage
Localized 4676 223.600 <0.001 <0.001
Age

<60 53.1% Reference Reference

>60 29.0% 223.600 <0.001 2.158 (1.944-2.395)
Regional 3015 83.634 <0.001 <0.001
Age

<60 15.2% Reference Reference

>60 7.2% 83.634 <0.001 1.534 (1.394-1.688)
Distant 2742 53.322 <0.001 <0.001
Age

<60 4.7% Reference Reference

>60 3.0% 53.322 <0.001 1.380 (1.258-1.513)

Abbreviations: SEER: Surveillance, Epidemiology, and End Results; CCS: cause-specific survival; HR: hazard ratio; CI:

confidence interval.

because their health condition is generally better and
they are more likely to tolerate toxicities associated with
chemotherapy, while older patients tend to be undertreated
because of their poor clinical condition.

Some studies have shown that marital status is
an independent prognostic factor for worse survival
in the patients with colorectal cancer and gallbladder
cancer [25, 26]. Marital status was also reported as an

independent prognostic factor for worse survival in the
patients with GBC [27]. These are consistent with the
findings of the present study. Our study also showed that
compared with the young group, the older group included
more widows and exhibited poorer survival. Psychosocial
factors might explain the relationship between marital
status and survival. Married patients show less distress,
depression, and anxiety and more social support
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Table 7: Univariate analysis of the influence of different total lymph node counts on patients with gallbladder cancer

Total lymph No. 5-year Log-rank P
node count CCS e

0 5671 15.7% 255.418 <0.001
>1 3237 24.5%

<2 7402 16.4% 265.629 <0.001
>2 1506 31.5%

<3 7847 17.0% 206.395 <0.001
>3 1061 33.1%

<4 8102 17.5% 161.062 <0.001
>4 806 33.3%

<5 8259 17.8% 127.651 <0.001
>5 649 33.1%

<6 8373 18.0% 94.798 <0.001
>6 535 32.6%

<7 8477 18.2% 64.621 <0.001
>7 431 30.9%

<8 8552 18.2% 43.215 <0.001
>8 356 29.5%

<9 8608 18.5% 33.569 <0.001
>9 300 28.3%

<10 8650 18.5% 30.799 <0.001
=10 258 29.7%

<11 8695 18.6% 22.084 <0.001
>11 213 27.7%

<12 8736 18.7% 14.407 <0.001
>12 172 25.7%

<13 8759 18.7% 11.388 0.01
>13 149 24.8%

<14 8788 18.8% 8.383 0.04
>14 120 22.3%

<15 8801 18.8% 4.346 0.037
>15 107 20.3%

<16 8820 18.8% 2.583 0.108
>16 88 19.5%

Abbreviation: CCS: cause-specific survival.

than unmarried patients [28, 29]. Two meta-analyses
acknowledged that depression increased cancer mortality
by 19% and 39%, respectively [30, 31]. Decreased
psychosocial support and increased psychological stress
have been shown to decrease immune function, which may
promote tumor progression and mortality [29, 32-33].
Further, perceived lack of social support could decrease
the activity of natural killer cells [34]. Additionally,
many neuroendocrine mediators and cytokines present
in patients with depression and stress have been found

to be linked with an increased rate of cancer metastasis
[33]. Finally, depression and poor quality of life may lead
to increased production of vascular endothelial growth
factor, which may promote endothelial cell migration,
proliferation, and proteolytic activity [35].

Although the present study was a large population-
based study, it has several potential limitations. First, we
investigated SEER data to evaluate the relationship between
age at diagnosis and the postoperative prognosis of GBC,
but the SEER database was lacking some information about
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their treatment programs. Treatment measures, economic
status, marital status, surgical techniques, and social status
may have changed for some patients during the therapeutic
process, and these changes may have affected the outcomes.
Second, some data regarding pathological grade, TNM
stage, and tumor size may have been inexhaustive—
for example, many patients lost these data. Many other
factors can contribute to an elevated risk of various health
problems and affect the survival of patients with GBC.
Third, the study included only patients who had undergone
surgical resection for GBC. As such, the patients are not
representative of patients with unresectable GBC or who
had refused surgical intervention for various reasons.
Fourth, the SEER GBC database lacks quality data on
adjuvant therapy, comorbidities, surgical techniques, and
recurrence. Finally, we could not employ psychological
tests to confirm whether psychosocial factors played an
important role in the poor survival of unmarried patients.

In summary, the primary endpoints of this study
were GCSS and overall survival in different age groups
after surgical treatment. Compared with older patients,
young patients with GBC (age of < 60 years) appear to
have unique clinicopathological features and a higher
GCSS after surgery, although they showed higher
proportions of unfavorable biological behavior and
advanced-stage disease.

MATERIALS AND METHODS

Patient selection in the SEER database

The SEER program of the National Cancer Institute is
an authoritative source of information on cancer incidence
and survival in the United States. The SEER program
registries routinely collect patient clinical data including
demographics, primary tumor site, tumor morphology and
stage at diagnosis, first course of treatment, follow-up for
survival, and so on. SEER currently collects and publishes
cancer incidence and survival data from 18 population-
based cancer registries that represent approximately 30%
of the population in the United States.

SEER data contain no identifiers and have been
widely used for studies of the relationship between
prognostic factors and survival outcomes in patients with
cancer. We used SEER*Stat 8.1.5 software to identify
patients who were histopathologically diagnosed with
GBC from 1980 to 2013. SEER registry patients eligible
for this cohort included those with the following histologic
type ICD-O-3: adenocarcinoma (8140, 8141, 8143, 8147),
papillary adenocarcinoma (8260, 8261, 8262, 8263),
mucinous adenocarcinoma (8480, 8481), adenocarcinoma
with metaplasia (8571, 8572, 8573, 8574, 8575, 8576),
papillary carcinoma (8050, 8051, 8052), duct carcinoma
(8500, 8501, 8503, 8504, 8507, 8508), squamous cell
carcinoma (8070, 8071, 8072, 8073, 8074, 8075, 8076,
8078), adenosquamous carcinoma (8560, 8562), or other

cancers including signet ring carcinoma (8490), small cell
carcinoma (8041, 8043), giant and spindle cell carcinoma
(8030-8035), non-small cell carcinoma (8046), carcinoma
not otherwise specified (8010, 8011, 8012, 8013, 8014,
8015), or undifferentiated carcinoma (8020, 8021, 8022).
We excluded all other histologic types from the study.

Patients were excluded if they were <18 years of age
at diagnosis; did not undergo surgical resection for GBC;
had multiple primary malignant neoplasms, of which the
GBC was not the first; and who had an unknown cause of
death or unknown survival length.

According to the SEER staging system, tumors that
remained in situ or confined to the organ of origin were
considered to be localized, tumors that invaded locally or
metastasized to regional LNs were regarded as regional,
and those that traveled to distant organs were considered
to be distant.

Statistical analysis

The following demographic and clinicopathological
factors were assessed: sex, age, race, primary tumor site,
year of diagnosis, histotype, pathological grade, TNM
stage, tumor size, SEER stage, number of LNs dissected,
survival months, vital status, and marital status at the time of
diagnosis. The TNM stage was determined according to the
criteria described in the American Joint Committee on Cancer
(AJCC) Cancer Staging Manual (7th edition). We categorized
patients into either the young group (<60 years of age) or old
group (=60 years of age). Patients were excluded if they were
<18 years of age at the time of diagnosis.

The primary endpoint of the study was GCSS,
which was calculated from the date of diagnosis to the
date of GBC cause-specific death. Deaths attributed to the
cancer of interest were treated as events, and deaths of
other causes were treated as censored observations.

The baseline patient demographics and tumor
characteristics were compared using the chi-square test.
The GBC death rate was compared between groups
using the Kaplan—-Meier method. Risk factors for the
survival outcome were analyzed using multivariable Cox
regression models. All statistical analyses were performed
using the statistical software package SPSS for Windows,
version 22 (IBM Corp., Armonk, NY, USA). Statistical
significance was set at a two-sided P value of < 0.05.
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