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Abstract N\
This study aims to assess the survival status of patients with Primary gallbladder cancer (PGC) and analyze the prognosis factors to |
facilitate the exploration of the prevention and therapeutic strategies of PGC.

Data from 2433 PGC patients collected from 2010 to 2015 were extracted from the Surveillance, Epidemiology, and End Results
(SEER) database. The SEER*Stat, SPSS 23.0 and GraphPad Prism 8 were used for statistical analyses. Kaplan Meier analysis was
performed for the survival curve, log-rank test analyses were used to compare the survival rate difference and Cox regression
analyses were performed to determine the prognosis factors.

A total of 2433 PGC cases were reported from 2010 to 2015. The median age was 64.2 + 10.4 years old and the percentages of
the white patients were 73.7% (1794/2433). The percentage of patients who received surgery treatment was 82.1% (1998/2433).
The overall median survival time of all patients was 19 months and the 5-year survival rate was 28.8%. The 5-year survival rate of PGC
patients in pN2 stage dropped to 0% and the 5-year survival rate for PGC patients with distant metastasis was only 2.7%. Age, tumor
size, grade, pT stage, pM stage were risk factors for prognosis, surgery or not and radiation or not were protective factors for
prognosis.

Survival analysis of PGC patients based on the SEER database have provided an opportunity for understanding PGC prognosis

and the basis for the exploration of viable PGC prevention and therapeutic strategies.

Abbreviations: PGC = primary gallbladder cancer, SEER = surveillance epidemiology and end resullts.
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1. Introduction

Primary gallbladder cancer (PGC) accounts the fifth most
common malignancy of the gastrointestinal tract, and is
characterized by poor prognosis and low survival rates.!"! It is
estimated to constitute 2.3% (219,420 new cases) of the total
cancer incidence worldwide and 1.7% (165,087 new cases) of all
cancer deaths in 2018.*! PGC remains to be aggressive with an
overall dismal outcome despite biomedical, technological,
surgical, and chemotherapeutic advancements in the past.””!
PGC shows differences in geographic distribution. The
incidence of PGC varies by geography,*! ethnicity and culture.
Its incidence ranges from 1.5 per 100,000 in North America to
27.3 per 100,000 in South America.'>®! Despite its decline over
the past several decades, the incidence of PGC appears to be on
the increase in some European countries,!”! including women in
Netherlands (1.7 per 100,000 in 2008 to 2.0 per 100,000 in
2012) and Poland (3.5 per 100,000 in 2007 to 4.6 per 100,000 in
2012)."81 Also, the high rates of PGC in South America and in
parts of Asia, such as Pakistan, Korea, and Japan, have been
attributed to high rates of cholecystitis and salmonella infection,
both of which are known risk factors for PGC."”"'°! Although
PGC is less prevalent in North America, where PGC incidence is
1.4%, it is still associated with extremely poor prognosis.[>*1 112!
PGC has been largely understudied in comparison to other
cancers.!®! For example, there have only been a few studies
published in the last decade on epidemiology and survival of
PGC. Therefore, it is necessary to assess the epidemiological
features and survival status of PGC patients in order to provide a
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timely and comprehensive understanding of PGC and to explore
its prevention and treatment policy. This study explores PGC
patients in the United States in an effort to describe and analyze
the survival status over the last decade.

2. Source and methods

2.1. Inclusion and exclusion criteria

We obtained data of patients clearly diagnosed with PGC
between 2010 and 2015 from the Surveillance, Epidemiology,
and End Result (SEER) database, the International Classification
of Diseases for Oncology, 3rd Edition (ICD-O-3) Code C23.9
was used as a reference for selection. The inclusion criteria
included three points: the diagnostic age was between 20 and 80,
the diagnostic year was from 2004 to 2009 and the tumor site was
gallbladder. The exclusion criteria included 5 aspects: multi-
source tumor, cancer in situ, incomplete information on cancer
type, differentiation degree and the AJCC 7th staging, unknown
surgical method, incomplete information on follow-up and
patients died in 30 days. The dataset used is publicly available,
and approval by the institutional review board at Chinese Center
for Disease Control and Prevention (Beijing, China) was waived.

2.2. Data extraction

Patient information was collected based on the patient’s
registered information at the time of the first diagnosis. The
following data were extracted: patient’s ID, age at diagnosis, sex,
gender, marital status, race, region, tumor size, pathological type,
histological grade, pTNM stage, type of surgery, radiotherapy,
and follow-up (including survival time, follow-up and death).
The primary endpoint was cancer-specific survival.

2.3. Statistical analysis

All statistical analyses were performed with SPSS version 23.0
software, the survival curves were drawn by GraphPad Prism 8.
The survival rate of the patients was analyzed by the Kaplan—
Meier method, and the comparison of survival rates of two or
more groups was analyzed by log-rank test. In the process of
establishing the Cox regression model, univariate analysis was
carried out first to screen out the variables with statistical
significance. And considering the information integrity, some
variables would be included in the regression model as
continuous variables. Meaningful variables from univariate
analysis were integrated into the Cox regression model
(backward method) for the multivariate analysis in further to
obtain the independent factors influencing the prognosis of PGC
patients. All tests were conducted with a two-sided probability,
P <.05 was considered statistically significant.

3. Results

3.1. Demographics

A total of 2433 PGC cases were reported from 2010 to 2015. The
median age was 64.2 +10.4 years old, and the patients aged over
60 years accounted for 66.4% (1615/2433). The percentages of
the female patients and the white patients were 69.2% (1684/
2433) and 73.7% (1794/2433) respectively. The median tumor
size was 3.2cm (quartile range was 3.38cm). The majority of
patients were diagnosed as adenocarcinoma (80.2%, 1951/

Medicine

Demographics and clinical profile of 2433 PGC patients from the
SEER database (2010-2015).

Variable ltem Total n (%)
Total 2433 (100%)
Age < 60 818 (33.6)
> 60 1615 (66.4)
Sex Male 749 (30.8)
Female 1684 (69.2)
Marital status Married 958 (39.4)
Not married” 1369 (56.3)
Missing 106 (4.3)
Race Black 342 (14.1)
White 1794 (73.7)
Other 287 (11.8)
Missing 10 (0.4
Region Northeast 362 (14.9)
Midwest 180 (7.4)
South 530 (21.8)
West 1361 (55.9)
Tumor size <3cm 835 (34.3)
>3cm 853 (35.1)
Missing 745 (30.6)
Histology Adenocarcinoma 1951 (80.2)
No-adenocarcinoma* 482 (19.8)
Grade Grade | 309 (12.7)
Grade I 911 (37.4)
Grade Il IV 806 (33.1)
Missing 407 (16.7)
pT stage Tla 121 (5.0
Tib 185 (7.6)
T2 888 (36.5)
T3 1098 (45.1)
T4 141 (5.8)
pN stage NO 1561 (64.2)
N1 719 (29.6)
N2 153 (6.3)
pM stage MO 1765 (72.5)
M1 668 (27.5)
Surgery No 435 (17.9)
Yes 1998 (82.1)
Radiation No 1929 (79.3)
Yes 504 (20.7)

“Not married includes divorced, separated, single (never married), unmarried or domestic partner and
widowed.

T Other includes American Indian/native Alaskan and Asian/Pacific Islander.

* No-adenocarcinoma includes papillary, adenosquamous, epithelial neoplasms, cystic, mucinous and
serous neoplasms, squamous cell neoplasms.

2433). There were 45.1% (1098/2433) patients in pT3 stage,
64.2% (1561/2433) patients in pNO stage and 72.5% (1765/
2433) patients in pMO stage. The percentages of patients who
received surgery and radiation treatment were 82.1% (1998/
2433) and 20.7% (504/2433) respectively (Table 1).

3.2. PGC patients at different TNM stages had different
overall survival rates

The overall median survival time of all patients was 19 months
and the S-year survival rate was 28.8%. Different degree of
infiltration showed different survival rates, the Figure 1 showed
that the 5-year survival rate sharply decreased on pT stage
(Fig. 1). The increased number of positive lymph node meant the
decreased survival rate and the S-year survival rate of PGC
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Figure 1. Survival of GBC patients based on pT stage. The survival rate of the
patients was analyzed by the Kaplan-Meier method.

patients in pN2 stage dropped to 0%. The overall survival rate
differed whether or not there was distant metastasis and the 5-
year survival rate for PGC patients with distant metastasis was
only 2.7% (Fig. 2, Table 2).

3.3. Univariate and multivariate Cox regression analysis
for the prognostic factors in PGC patients

Log-rank test was used to evaluate whether the survival rates of
GPC patients with different groups of categorical variables were
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different. The results showed that the survival rate of GPC
patients in different age groups, different tumor size groups,
different grades, different pT stages, different pN stages, different
pM stages and whether to perform surgery were statistically
different (Table 2).

At the same time, univariate analysis of the Cox regression
model was performed. In order to preserve the information of the
variables as much as possible, the age and tumor size were
analyzed in the form of continuous variables. The results showed
that age, tumor size, grade, pT stage, pM stage, pM stage and
surgery or not were statistically significant variables (Table 3). In
addition, considering the P value of radiation or not was around
0.05, it was included in the Cox regression model multivariate
analysis together with the above seven variables. The results of
multivariate analysis revealed that age, tumor size, grade, pT
stage, pM stage, surgery or not and radiation or not were
independent factors influencing the prognosis of PGC patients.
Age, tumor size, grade, pT stage, pM stage were risk factors for
prognosis, surgery or not and radiation or not were protective
factors for prognosis. Among PGC patients, each year the
patient’s age increases, the risk of death increases by 1.021 times
(95% CI=1.013~1.029, P<.001). Similarly, each 1-cm increase
in tumor size, the risk of death in patients increased by 1.056
times (95% CI=1.030~1.082, P <.001). Patients at higher grade
had higher mortality risk (Grade Il vs Grade I: HR =1.120, Grade
I/ IV vs Grade I: HR =1.428); also, patients at advanced degree
of infiltration had higher mortality risk (T1b vs T1a: HR =1.894,
T2 vs Tla: HR=4.681, T3 vs Tla: HR=10.172, T4 vs Tla:
HR=13.526). The hazard ratio of patients with presence of
distant metastasis was 2.392 compared to those absence of
distant metastasis (95% CI=2.027~2.823, P<.001). Referred
to the above two protective factors, patients received surgery
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Figure 2. Survival of GBC patients based on age, tumor size, grade, pN stage, pM stage and surgery. Log rank test was used to evaluate the prognostic factors in

PGC patients.
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The survival of PGC patients and the results of log-rank test.

5-year survival
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Relative hazards of death in PGC patients according to the Cox
univariate analysis.

Variable Item rate (%) Chi-square P Variable Item HR 95% CI P
Total 28.8 Age 1.011 1.005~1.016 <.001
Age 4.608 032 Sex
< 60 32.1 Male 1 - Reference
>60 26.8 Female 0.991 0.887~1.108 878
Sex 0.025 876 Marital status
Male 30.4 Married 1 - Reference
Female 28.2 Not married 0.972 0.874~1.082 606
Marital status 0.276 599 Race
Married 27.2 Black 1 - Reference
Not married 29.8 White 0.979 0.838~1.124 688
Race 2.278 320 Other 0.864 0.703~1.062 .166
Black 23.1 Region
White 29.0 Northeast 1 - Reference
Other 31.8 Midwest 1.205 0.959~1.513 109
Region 6.384 094 South 1.219 0.926~1.449 .094
Northeast 33.0 West 1.094 0.939~1.274 248
Midwest 25.0 Tumor size 1.045 1.037~1.052 <.001
South 25.1 Histology
West 29.6 Adenocarcinoma 1 - Reference
Tumor size 103.956 <.001 No-adenocarcinoma 1.120 0.986~1.273 .082
<3cm 419 Grade
>3 cm 22.4 Grade | 1 - Reference
Histology 3.140 076 Grade Il 1.655 1.348~2.032 <.001
Adenocarcinoma 27.8 Grade lll/ IV 2.927 2.390~3.586 <.001
No-adenocarcinoma 32.2 pT stage
Grade 162.134 <.001 Tla 1 N Reference
Grade | 50.1 T1b 1.535 0.911~2.586 107
Grade Il 35.2 T2 3.233 2.063~5.065 <.001
Grade lll/ IV 20.3 T3 9.973 6.395~15.554 <.001
pT stage* 680.975 <.001 T4 13.609 8.437~21.951 <.001
Tla 76.7 pN stage
T1b 63.1 NO 1 - Reference
T2 421 N1 1.606 1.437~1.795 <.001
T3 8.8 N2 2.547 2.112~3.073 <.001
T4 2.2 pM stage
pN stage* 145.975 <.001 MO 1 - Reference
NO 36.6 M1 3.511 3.148~3.916 <.001
N1 16.4 Surgery
N2 0.0 No 1 - Reference
pM stage* 594.529 <.001 Yes 0.277 0.246~0.313 <.001
MO 38.4 Radiation
M1 2.7 No 1 - Reference
Surgery 510.10 <.001 Yes 0.889 0.785~1.006 .062
No 1.9
Yes 34.3
Radiation 3.61 057
\’(\‘e(; ggg which led to different survival status among different races/ethnic

"1 (TiNoMo), IToNoMa), Il A (TsNoMo), 1l B (T1_sNsMo), IV A (TaNo_iMo), IV B (TeNoMo, TeMy)

treatment had lower mortality risk than those not (HR=0.706;
95% CI=0.543~0.919, P=.010) and patients received radiation
treatment had lower mortality risk than those not (HR=0.776;
95% CI=0.658~0.915, P=.003). (Table 4)

4. Discussion

PGC is a fatal malignancy which displays considerable differ-
ences in certain ethnicities and sex. Differences in treatment may
be a potential reason for the differences observed in mortality!?!

populations. Studies have suggested that a higher incidence of
PGC in females may be affected by various female hor-
mones.l"* 13! However, there has been opposing studies, which
have found no association between female hormones and
incidence of PGC.I'®! Therefore, more extensive studies are
required to delineate the role of female hormones in PGC
pathogenesis. PGC is also more prevalent in older individuals,
and this may be due to the increased prevalence of gallstones
caused by increased cholesterol secretion and infection of the
biliary tract in elders. Meanwhile, a high percentage of patients
were diagnosed with adenocarcinoma, which was consistent with
other studies.!"”'®! Adenocarcinomas are reported in 90.0% of
PGC cases.[®! One key factor that can influence the treatment and
outcome of surgery in PGC patients is the histologic subtype of
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Relative hazards of death in PGC patients according to the Cox
multivariate analysis.

Variable ltem HR 95% Cl P
Age 1.021 1.013~1.029 <.001
Tumor size 1.056 1.030~1.082 <.001
Grade
Grade | 1 - Reference
Grade Il 1.120 0.862~1.456 .396
Grade Ill/ IV 1.428 1.096~1.860 .008
pT stage
T1a 1 - Reference
Tib 1.894 0.820~4.373 135
T2 4.681 2.198~9.967 <.001
T3 10.172 4.763~21.725 <.001
T4 13.526 5.956~30.717 <.001
pM stage
MO 1 - Reference
M1 2.392 2.027~2.823 <.001
Surgery
No 1 - Reference
Yes 0.706 0.543~0.919 010
Radiation
No 1 - Reference
Yes 0.776 0.658~0.915 .003

the disease. As many gallbladder adenocarcinomas are detected
incidentally in routine cholecystectomy specimens, systematic
selective sampling of cholecystectomy specimens could be
considered according to some study finding.!'”! Moreover, there
have been no documentation of a significant correlation between
the prevalence of gallstones and histologic subtypes of PGC in
this aspect further epidemiological research could be conducted.

PGC patients in advanced stages experience the lowest rates of
survival. In this study, the overall median survival time was 19
months and the overall 5-year survival rate was 28.8 %, similar to
other published reports.*®*!! The study also showed that
patients presented with pN2 stage or distant metastasis
experienced very low survival rate. Symptoms and signs of
PGC often appear late in the clinical course of the disease,!'”! and
over 40% of patients have been diagnosed with late-stage PGC.
First, earlier diagnosis and treatment can facilitate better clinical
outcomes for PGC patients. To improve early diagnosis of PGC,
careful consideration should be given to PGC risk factors, such as
sex, race, diet, bacterial infection and prevalence of gallstones.
Some study has showed that a family history of gallstones,
tobacco consumption, excessive intake of fried foods (reused oil),
obesity, and blood type all increased the risk of PGC.*%%3!
Familial databases such as the Swedish family-cancer database
and Utah cancer registry have reported the first ever data on
familial clustering of PGC.!**! Second, the AJCC cancer staging
system is helpful in the selection of the type of surgical resection
and evaluation of prognosis for PGC patients. In 2018, the AJCC
8th edition becomes the new global guideline for cancer diagnosis
and treatment. The updates of the AJCC 8th edition for biliary
tract cancer including gallbladder cancer placing particular
emphases on precise definition of primary tumor (T) and regional
lymph nodes (N), prognostic evaluation based on stage./**! While
in our study the AJCC 7th edition is still used to analyze the
survival status and related factors due to the SEER data lacks of
variables in the AJCC 8th edition till now.
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Patients with PGC often has an overall dismal prognosis.”!

Prognosis can be enhanced using cancer screening tests.'*®! To
improve the prognosis of PGC patients, combination detection
including biochemical detection, image examination and multi-
gene detection has been mentioned in PGC diagnosis studies; for
example, some study has showed that the relationship between
RASSF1A with CyclinA2 protein and gallbladder can be used as
the important index of PBC diagnosis.*”) Nevertheless, in the
molecular levels of combination detection still needs further
examination. Survival analysis by treatment showed that
majority of the patients received surgery. Surgery is the curative
treatment for PGC,*8! and surgical resection is the standard of
care for PGC patients.*’! The type of surgery needed depends on
the location and size of the tumor. Patients with stage I disease are
ideal candidates for radical surgery. Although surgical resection
is a popular treatment strategy for patients with stage II PGC,
there is a high rate of distant metastasis, and a decreased 5-year
survival rate. Therefore, adjuvant therapy is highly encouraged in
this patient population.®®! An integrated therapeutic strategy is
utilized in patients with stage III and IV PGC, and involves the
combination of surgery and adjuvant therapy. Although adjuvant
therapy is underused in patients with PGC,*!! there is evidence
that postoperative adjuvant radiotherapy may be more effective
than chemotherapy.?®?! Notably, studies have shown that some
operation such as routine EBD without bile duct infiltration is not
associated with improved overall survival,’** not to mention that
intraoperative bile spillage and surgical drain placement at initial
cholecystectomy are negatively associated with overall survival in
gallbladder adenocarcinoma,®* on this aspect systemic therapy
are stronger consideration before definitive resection. However,
owing to variations in incidence across different countries, it has
been understudied, leading to variation in approaches to the
initial pathologic evaluation, classification, and staging of the
disease.””! Further research on multidisciplinary approaches of
PGC treatment is needed in patients particularly at advanced
stages.

4.1. Limitation

One limitation of the study is that the SEER database does not
code information on behavioral risk factors, which would allow
for more extensive epidemiological studies. Additionally, al-
though the SEER database is updated annually, the capture of
radiotherapy data is not accurate. Despite these limitations, the
SEER database represents 28% of the US population, and the
findings should be given careful consideration.

5. Conclusion

Key groups including older individuals and female face high
incidence rate of PGC which also linked to more complex risk
factors. Early detection, standardized diagnosis and different
treatment strategy in different stages are very helpful and positive
in PGC treatment. Further research on histologic subtypes of
PGC and treatment approach in patients at advanced stages
needed to be conducted.
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