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Background: Gallbladder carcinoma (GBC) is relatively rare but highly aggressive and it has poor prognosis, especially for
metastatic GBC. We aimed to determine the prognostic significance of primary tumor resection on patients
with metastatic GBC.

Material/Methods: The records of patients with GBC with distant metastasis from 2010 to 2015 were extracted from the Surveillance,
Epidemiology, and End Results (SEER) database. Kaplan-Meier methods were used to compare overall surviv-
al (0S) and carcinoma-specific survival (CSS) between patients receiving primary tumor resection and those
without surgery. Cox regression analysis was conducted to identity independent factors significantly associat-
ed with survival. In addition, a propensity score-matched analysis was performed to adjust for the heteroge-
neity between the groups.

Results: Of the 1337 patients included, 496 patients underwent primary tumor resection and 841 patients did not.
Multivariate Cox regression analysis showed that OS (hazard ratio [HR]: 0.56, 95% confidence interval [CI]:
0.48-0.66, P<0.001) and CSS (HR: 0.57, 95% Cl: 0.48-0.66, P<0.001) were significantly improved in patients re-
ceiving surgical resection of the primary tumor lesion in the unmatched cohort. Additionally, in the matched co-
hort, univariate Cox regression analysis similarly indicated that performing surgery at the primary site was as-
sociated with better OS (HR: 0.62, 95% Cl: 0.50-0.77, P<0.001) and CSS (HR: 0.61, 95% Cl: 0.50-0.762, P<0.001).

Conclusions: This study indicated that primary tumor resection might prolong survival in patients with metastatic GBC.
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Background

Gallbladder carcinoma (GBC) is the most common malignancy
of the biliary system, accounting for approximately two-thirds
of biliary system carcinomas and ranking sixth in incidence of
digestive system tumors [1,2]. Although GBC is relatively rare
among all types of human malignancies, it is highly aggres-
sive and a great threat to health worldwide. Owing to an in-
sidious onset, rapid progression, asymptomatic development,
and high propensity to metastatic dissemination, most patients
with GBC are diagnosed with an advanced stage or even distant
metastasis at initial diagnosis due to the symptoms of biliary
obstruction and pain caused by tumor invasion into surround-
ing structures [3-5]. At the advanced or metastatic stage, GBC
progresses rapidly and spreads frequently to adjacent organs,
such as the liver, pancreas, colon, and peritoneum as well as
to regional and distant lymph nodes. The liver, an adjacent or-
gan of the gallbladder, is the leading metastatic site, account-
ing for more than half of the occurrences of metastatic GBC [6].

The long-term prognosis of patients with metastatic GBC is
dismal, with the 5-year overall survival (OS) rate reported at
far less than 10% [7,8]. The clinical management of metastat-
ic GBC generally includes chemotherapy, radiotherapy, clini-
cal trials, and best supportive care [9,10]. However, palliative
therapy is not potentially curative, and the primary tumor le-
sion is rarely eradicated by systemic therapy; therefore, it is
feasible to selectively perform local consolidation. Although
metastatic GBC has been traditionally considered far beyond
the scope of surgical resection [11], there are numerous case
reports of successful surgical management among patients
with metastatic GBC, mostly based on multidisciplinary ther-
apy [12-14]. Moreover, based on the biological rationale of de-
creasing tumor dissemination by reducing overall tumor bur-
den [15,16], it is feasible to carry out surgical resection of a
primary tumor lesion in carefully selected patients with met-
astatic GBC. However, the high rates of perioperative compli-
cations and mortality cannot be neglected, especially in pa-
tients with poor performance status.

To the best of our knowledge, there has not been a large pop-
ulation-based evaluation of the efficacy of primary tumor re-
section for metastatic GBC [17]. Herein, we aimed to assess the
prognostic effect of primary tumor resection among patients
with metastatic GBC in a large population cohort.

Material and Methods

Data Source and Patient Selection

A population-based, retrospective study was performed to
investigate the influence of primary tumor resection on the
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survival of patients with metastatic GBC. The Surveillance,
Epidemiology, and End Results (SEER) database, which is spon-
sored by the National Carcinoma Institute, authoritatively col-
lects and reports updated information on patient demograph-
ics, tumor incidence and characteristics, therapeutic modalities,
and patient survival by covering 18 regional registries and com-
prising approximately 30% of the US population. Therefore,
the SEER database is a valuable source for clinical carcino-
ma research, especially for rare malignancies, such as GBC.
SEER*Stat software (version 8.3.6; NCI, Bethesda, MD, USA)
was used to download detailed information from the SEER da-
tabase. Because the acquired data were de-identified and pub-
licly available, institutional review board approval was waived.

A total of 4471 patients with pathologically confirmed GBC
were initially extracted from the database from 2010 to 2015.
The inclusion criteria were as follows: (1) patients 18 years or
older; (2) GBC was the only or first primary malignancy; (3)
patients had distant metastasis at diagnosis; (4) the survival
time was no less than 1 month; and (5) details of the therapy
of the primary tumor were accessible. According to the above
inclusion criteria, 1337 eligible patients were finally included
after several rounds of screening. Patients not meeting these
inclusion criteria were excluded from the study. The detailed
process of cohort selection is displayed in Figure 1

Covariates and Outcomes

Patient demographics, tumor-specific characteristics, treatment
modalities, and survival data were extracted from the SEER da-
tabase. The patient demographics included age at diagnosis,
race, sex, and marital status. Age at diagnosis was simply di-
vided into 2 groups by using 65 years of age as the cutoff val-
ue. In terms of tumor characteristics, tumor grade, tumor size,
histology, primary tumor (T) stage (eighth version of the TNM
staging system), regional lymph node involvement (N) stage
(eighth version of TNM staging system), and distant metas-
tasis were downloaded and analyzed. Continuous tumor size
was divided into <1 cm, 1.1-3 ¢cm, 3.1-5 cm, >5 cm, or unknown
according to our clinical experience. Treatment modalities in-
cluded primary tumor resection, radiation, and chemotherapy.
The variable “RX Summ — Surg Prim Site” was retrieved from
the database to define surgical removal of the primary lesion
according to SEER site-specific codes, which categorized eli-
gible patients into a surgery group and non-surgery group.

The main endpoints in this study were OS and CSS. OS re-
ferred to death by any cause, including individuals who died
of other non-tumor related causes, while CSS was defined as
time from the date of diagnosis until death attributed to GBC.
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Figure 1. Flowchart of patient selection.
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Following up time more than 1 month
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Propensity Score Matching

As this was a retrospective study, the potential covariates
were not well balanced between the surgery and non-surgery
groups, which may have distorted the real relationship of sur-
gery with OS and DFS. To reduce this influence, propensity
score matching (PSM) was used to perform a matched case-
control analysis. First, each patient was allocated a propen-
sity score calculated using logistic regression modeling with
surgery as a dependent variable. The remaining confounding
variables, including sex, race, age, marital status, grade, T and
N stage, radiotherapy, chemotherapy, tumor size, and histolo-
gy, were taken as covariates. Second, patients in the surgery
and non-surgery groups were matched at a 1: 1 fixed ratio if
they had similar propensity scores. The method we used in
this process is called nearest available matching, with a cali-
per of 0.05. Third, the standard difference acted as an indica-
tor of the matching effect and was calculated for all clinical
variables. The value <0.15 indicated that the covariates were
well distributed between the 2 groups.

Statistical Analysis

The t test and chi-square test (or Fisher’s exact test) were used
to compare continuous variables and categorical variables, re-
spectively, aiming to reveal any differences of clinicopatholog-
ical characteristics between the 2 groups. The Kaplan-Meier
method was used to plot the survival curve before and after
PSM, and the log-rank test was used to determine the surviv-
al difference between the 2 groups. Cox proportional hazards
regression was used to identify prognostic factors for OS and
CSS. Variables with a P value less than 0.05 in the univariate
model were further incorporated into the multivariate analysis.

Results were presented with hazard ratios (HRs) and 95% con-
fidence intervals (Cls). All statistical analyses and figures were
performed using R software version 2.15.3 (R Foundation for
Statistical Computing, Vienna, Austria), and a 2-sided P<0.05
was suggestive of statistical significance.

Results

Clinicopathological Characteristics of Patients

According to the inclusion and exclusion criteria, 1337 eligi-
ble patients were enrolled, including 496 patients who under-
went primary tumor resection and 841 patients without sur-
gery. Approximately 37.1% of patients received primary tumor
resection. Women presented a higher proportion than men
in the overall population. Most patients were White (n=988,
73.9%) and married (n=730, 54.6%). Adenocarcinoma was the
most common histological type, accounting for 80.1% of cases.
The liver was the most common metastatic organ, followed by
the lung, bone, and brain. The baseline characteristics of the
study cohort are summarized in Table 1.

Summary of Distant Metastasis

We further analyzed the distribution of distant metastasis
sites. As shown in Figure 2, a total of 692 patients had only
liver metastasis and 204 patients had more than 1 metastat-
ic organ, including the liver. Moreover, 215 patients had dis-
tant lymph node involvement, accounting for 16.1% of the to-
tal population. Also, 164 patients had lung metastasis. Bone
metastasis and brain metastasis were relatively uncommon,
accounting for 89 and 17 patients, respectively.
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Table 1. Clinicopathological characteristics of the selected patients.

Non-surgery Surgery Non-surgery Surgery

N=841 N=496 falue N=841 N=496 falue
Sex <0.001 Chemotherapy 0.036
Female 561 (66.7%) 378 (76.2%) No/Unknown 326 (38.8%) 222 (44.8%)
Male 280 (33.3%) 118 (23.8%) Yes 515 (61.2%) 274 (55.2%)
Rae 0015 Regional lymph 0,001
———————————————————————————————————————————————————————————————————————————————————————————— nodes ’
Black 136 (16.2%) 61 (12.3%) o N a0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Negative 6 (0.71%) 48 (9.68%)
White 508 (71.1%) 390 (78.6%)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Positive 40 (4.76%) 133 (26.8%)
Other 107 (12.74%) 45 (9.07%)
———————————————————————————————————————————————————————————————————————————————————————————— Unknown 795 (94.5%) 315 (63.5%)
Age (0LE05 [ 0000 e 00
———————————————————————————————————————————————————————————————————————————————————————————— Bone 0.21
<65 7NN 234 (47.2%) B e SRR o SR
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr No 779 (92.6%) 469 (94.6%)
565 470 (55.9%) 262 (52.8%) e
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Yes 62 (7.37%) 27 (5.44%)
Marital status ONTFIVEN =~ - R - -~~~ —----- -~ S
""""""""""""""""""""""""""""""""""""""""""""""""""" Brain 0.684
Married ABNCPRIOIE 289 (58.3%) I - R -~ -~ R
——————————————————————————————————————————————————————————————————————————————————————————— No 829 (98.6%) 491 (99.0%)
Unmarried 360 (@2267) EREENEYAFAN 0 [ SRR
""""""""""""""""""""""""""""""""""""""""""""""""""""" Yes 12 (1.43%) 5 (1.01%)
Unknown 40 (4.76%) 19 (3.83%) DT
""""""""""""""""""""""""""""""""""""""""""""""""""" Liver 0.001
Grade 0001 [EEESSSI—— Eeeemesmeeees 0
""""""""""""""""""""""""""""""""""""""""""""""""""""" No 248 (29.5%) 193 (38.9%)
| 7 (0.83%) 38 (7.66%)  ooooommnE TN
""""""""""""""""""""""""""""""""""""""""""""""""""""" Yes 593 (70.5%) 303 (61.1%)
[ 58 (6.90%) 180 (36.3%) o oLoooummmm ST
""""""""""""""""""""""""""""""""""""""""""""""""""""" Lun <0.001
I 128 (15.2%) 213 (42.9%) e s
""""""""""""""""""""""""""""""""""""""""""""""""""""" No 707 (84.1%) 466 (94.0%
\Y 7 (0.83%) 21 (423%) e (84.1%) 466 (40%)
"""""""""""""""""""""""""""""""""""""""""""""""""""" 0, 0,
Unknown 641 (76.2%) 44 (8.87%) e . B 134 15.9%)  30(605%)
T <0.001 e 2 0.001 -
"""""""""""""""""""""""""""""""""""""""""""""""""""""" o, o,
T 113 (134%) 25 Goa%) ] No . G84(BL3%) 438(883%)
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 0, o,
e 6 (071%) 151 (30.4%) s ... B 157 (18.7%) 58 (17%)
T3 345 (41.0%) 285 (57.5%) B Qoo
T4 69 (820%) 21 (4.23%) =t = D 4 (282%) I
Unknown 308 (36.6%) 14 (2.82%) s . OREOTEN 121 (24.4%)
N s B T <5 91 (10.8%) 92 (18.5%)
NO 348 (41.4%) 266 (53.6%) >3 153 (18.2%) 87 (17.5%)
N1 219 (26.0%) 151 (30.4%) Unknown 510 (60.6%) 182 (36.7%)
N2 126 (15.0%) 44 (8.87%) Histology <0.001
Unknown 148 (17.6%) 35 (7.06%) Adenocarcinomas 655 (77.9%) 416 (83.9%)
Radiation 0.016 Epithelial 103 (12.2%) 32 (6.45%)
None/Unknown 784 (93.2%) 443 (89.3%) Mucinous 29 (3.45%) 34 (6.85%)
Yes 57 (6.78%) 53 (10.7%) Others 54 (6.42%) 14 (2.82%)
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Figure 2. Summary of distant metastases.
Survival Analysis and Prognostic Factors Before Matching

Next, we investigated whether there was any survival differ-
ence between patients with and without primary tumor resec-
tion. The Kaplan-Meier curve showed that patients receiving
primary tumor resection had a significantly higher OS rate than
those without surgery (Figure 3A). Similarly, the Kaplan-Meier
curve of CSS also revealed significantly better survival in pa-
tients following surgery of the primary tumor site (Figure 3B).

To further confirm the prognostic significance of primary tu-
mor resection in patients with metastatic GBC, Cox analysis
was performed. Variables with a P value <0.05 in the univari-
ate analysis were incorporated into the multivariate analysis.
Multivariate Cox regression analysis demonstrated that tu-
mor grade, chemotherapy, and surgery of the primary lesion
were independent prognostic factors for OS (Figure 4) and
CSS (Figure 5). Specifically, primary tumor resection was as-
sociated with a significantly better OS rate (HR=0.56, 95% Cl:
0.48-0.66, P<0.001). A better CSS hazard ratio was also consis-
tently detected in patients undergoing surgery of the primary
tumor site (HR=0.57, 95% Cl: 0.48-0.66, P<0.001).

In consideration of the possible effects of different metastat-
ic sites on patient survival, we conducted subgroup analysis
stratified by metastatic organs. Multivariate Cox regression

analysis revealed that primary tumor resection was signifi-
cantly associated with better OS and CSS rates in patients
with GBC with liver metastasis or distant lymph node metas-
tasis (Table 2). Such an association was not detected in pa-
tients with GBC with lung or brain metastasis, possibly due to
the small sample size.

Survival Analysis and Prognostic Factors After Matching

To balance the covariates between the surgery group and non-
surgery group, we performed PSM analysis at a 1: 1 fixed ra-
tio, which identified 370 patients in the matched cohort (185
patients in each group). As shown in Table 3, the standard
difference value of various clinicopathological variables was
decreased after matching. A standard difference of <0.15 was
used as the cutoff value to suggest that covariates were well-
balanced between the matched groups.

Univariate Cox regression analysis for OS in the matched
cohort revealed that primary tumor resection was a robust
prognostic factor for patients with metastatic GBC (HR=0.62,
95% Cl: 0.50-0.77, P<0.001, Table 4). Moreover, marital status
(HR=0.75, 95% Cl: 0.61-0.94, P=0.012), radiation (HR=0.59, 95%
Cl: 0.41-0.86, P=0.006), and chemotherapy (HR=0.49, 95%Cl:
0.40-0.62, P<0.001) were revealed as prognostic factors for
0S. Similarly, patients undergoing primary tumor resection
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Figure 3. Kaplan-Meier curves for (A) overall survival and (B) carcinoma-specific survival stratified by primary tumor resection in the
unmatched cohort.

This work is licensed under Creative Common Attribution- Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) e934447-6 [ISI Journals Master List] [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Xie ). et al:
Impact of primary tumor resection on GBC survival
© Med Sci Monit, 2022; 28: e934447

CLINICAL RESEARCH

Hazard ratio

Age =65 Reference [

(N=605)

. Unmarried
Marital status (N=>548)

Reference

Unknown 0.90
(N=59) (0.68-1.18)

|

0.433

Il 1.09
(N=238) (0.78-1.53)

0.602

v 1.66
(N=28) (1.01-2.73)

0.044%

No

(N=841) Reference

Surgery

*
*

None/unknown

(1=1227) Reference

Radiation

No/Unknown

(=548) Reference

Chemotherapy

*
*

Adenocarcinomas

Ref
(N=1071) eference

Histology

132

*
(1.02-1.10) 0.034

# Events: 1288; Global p-value (log-rank): 4.6284e-05 | , | | | |
AIC: 15861.58; Concordance index: 0.68 0.5 1.0 15 20 25 30

Figure 4. Forest plot showing results of multivariate Cox regression analysis to explore independent prognostic factors for overall
survival.

had better CSS in the matched cohort (HR=0.61, 95% Cl: 0.50-
0.76, P<0.001, Table 4).

In addition, Kaplan-Meier curves were plotted in the matched
cohort. As expected, significantly prolonged OS and CSS rates
were observed in patients receiving primary tumor resection
compared with those without surgery (Figure 6).

Discussion

Although GBC is relatively less common than other digestive
tract malignancies, it is rather aggressive and lethal unless di-
agnosed and treated at the earliest stage [5,19]. Early-stage
GBC is generally detected incidentally after simple cholecystec-
tomy for assumed benign gallbladder disease, such as chole-
cystitis and gallbladder stones [20]. Curative surgical resection

(simple cholecystectomy or extended cholecystectomy) can re-
sult in a comparatively favorable long-term survival in patients
with early-stage GBC [20]. For patients with advanced or met-
astatic GBC, the overall prognosis is poor [21,22]. Since the
prognostic benefit of surgical resection in advanced or meta-
static GBC has been reported in case reports and small pop-
ulation-based studies [11,23-25], the application of surgical
resection in advanced or metastatic GBC has gained support
[11,26,27]. However, the prognostic impact of surgical resec-
tion of the primary tumor site among patients with metastat-
ic GBC has been not assessed in a large population.

In this study, we examined the influence of primary tumor re-
section on patient survival in metastatic GBC. This population-
based analysis revealed that resection of a primary tumor le-
sion could prolong the survival of patients with metastatic GBC.
This finding was further supported by PSM analysis to avoid
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Figure 5. Forest plot showing results of multivariate Cox regression analysis to explore independent prognostic factors for carcinoma-
specific survival.

Table 2. Univariate and multivariate Cox regression analysis of the prognostic significance of metastatic location in gallbladder cancer.

Univariate analysis Multivariate analysis

Overall survival

Liver 0.598 (0.517-0.691) <0.001 0.556 (0.458-0.674) <0.001
o 0627 (0459-0857) 0003 0390 (0257-0593)  <0.001
"""" g 0744 (04881133 o018 - -
"""" Bone 1171 (07321875 0509 - -

Liver 0.603 (0.520-0.698) <0.001 0.560 (0.461-0.682) <0.001
DLN 0.634 (0.461-0.870) 0.005 0.411 (0.269-0.627) <0.001
Lung 0.789 (0.517-1.204) 0.271 - -
Bone 1.210 (0.755-1.941) 0.428 - -
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Table 3. The distribution of clinicopathological variables with standardized difference before and after propensity score matching.

Before matching After matching

Variables Non-surgery Surgery Non-surgery Surgery

N=841 N=496 N=185 N=185
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Table 3 continued. The distribution of clinicopathological variables with standardized difference before and after propensity score
matching.

Before matching

After matching

Variables Non-surgery Surgery Non-surgery Surgery
N=841 N=496 N=185 N=185
Radiation 0.139 0.020

"""" None/Unknown 784 (93.2%) 443 (893%) 169 (914%) 170 (L%
s 57 (678%) 3 qorw) 16 (865%) 15 ®11%)
Chemotherapy 012 0034
"""" No/Unknown 326 (388%) 222 (448%) 65 (351%) 68 (368%)
s 515 (612%) 274 (s5.2%) 120 (649%) 117 (632%)
Tumorsize o605 0118
Ca 3 @rw 4 @s2 5 @70% 6 G24%
s = 64 (61%) 121 (244% 21 (14w 22 (19%)
s o1 (108%) 0 (8s% 28 (151%) 29 (157%)
"""" 5 153 (182%) 87 (75% 39 (11%) 46 (49%)
"""" Unknown 510 (60.6%) 182 (367%) 92 (497%) 82 (443%)
Histology 035 0140
 Adenocarcinomas 655 (77.9%) 416 (839%) 153 (827%) 145 (784%)
"""" Epithelial 103 (122%) 32 (645%) 16 (865%) 20 (108%)
"""" Mucnous 29 (345%) 34 (685%) 11 (595%) 11 (5.95%)
"""" Others 54 (642%) 14 (82%) 5 @70% 9 (48%)

possible confounding factors, consistently showing that sur-
gical resection of the primary tumor was significantly associ-
ated with better OS and CSS rates. Our findings agree with
those of Yang et al, whose study was also based on the SEER
database. However, our study differs from theirs because we
included all histological types of gallbladder carcinoma, includ-
ing gallbladder adenocarcinoma, and ours was a retrospective
study, and the imbalanced covariate variables may have led
to bias in the conclusion. Therefore, we chose to use PSM to
reduce the effects of these potential factors.

One of the noteworthy characteristics of our study is that we
accounted for chemotherapy in the PSM analysis, which is
known to affect patient prognosis. Systemic therapy is the main-
stay of the standard management of metastatic GBC [28,29].
Unsurprisingly, patients receiving chemotherapy showed sig-
nificantly improved survival compared with those without
chemotherapy in the unmatched and PSM-matched cohorts
in our analysis. In addition, we also found that marital sta-
tus was a protective prognostic factor for OS and CSS in the
matched cohort (Table 4). These findings are consistent with

those of other types of malignancies, including breast carcino-
ma, bladder carcinoma, gastrointestinal stromal tumors, and
colon carcinoma [30-33]. It is generally understood that mar-
ried individuals have access to more physiological and finan-
cial support than do unmarried individuals [34,35], which can,
in turn, bring about survival benefit.

Our findings are consistent with several previous studies on
malignancies of the gastrointestinal tract. For instance, Zhang
et al reported the positive correlation between local surgery
to the primary tumor and survival outcomes among patients
with metastatic rectal carcinoma [36]. Similarly, to examine
the impact of palliative resection of the primary tumor on
survival among patients with metastatic colorectal carcino-
ma, Gillian et al also revealed that palliative resection of the
primary lesion was significantly associated with more favor-
able prognosis [37]. Despite the seemingly consistent surviv-
al improvement following local therapy, the precise reasons
for the association between potential prognostic benefit and
primary tumor location is unclear. The etiologic explanations
might be associated with several theories.
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Table 4. Univariate Cox regression analysis for assessing the effect of different clinical variables on gallbladder cancer patients’ overall
survival and disease-free survival in the matched population.

Variables
P value P value

T
"""" m Refeence  Reference
”””” o 1122 (05642233 0744 1162 (05822319 0670
”””” ™ o083 0e2-118) 0365 0852 (06151180 0335
”””” ™ 0616 (0366103 0068 0640 (0379-1080) 0094
”””” Unknown 0979 (0606158) 0930 0976 (0599-159) 0923
1 i
”””” N Refeence  Refeene
”””” NI 0910 07121169 0450 0903 (0703-L1e) 0427
”””” N2 08% (065123) 0504 0920 (06691266 0608
”””” Unknown 1499 (10392169 0031 1521 (1L0482209) 0027
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Table 4 continued. Univariate Cox regression analysis for assessing the effect of different clinical variables on gallbladder cancer
patients’ overall survival and disease-free survival in the matched population.

Variables
P value P value
Radiation
"""" None/Unknown ~ Refeence  Refrexe
"""" Ys 0504 0410.0861) 0006 0624 (0431-0905) 0013
CChemotherapy
"""" No/Unknown ~ Refrence  Refeence
"""" Yes . 0494 (0397.061) <0001 0484 (03880606 <0001
Cswgery
"""" Neo  Refeence  Refree
"""" Ys 0620 (05020766) <0001 0614 (0495-0762) <0001 |
CTumorsize
"""" < Refeence  Refeence
"""" s 0904 (04651757 0766 0839 (0430-1640) 0609
"""" s 1064 (05562037) 0852 1025 (05341967 0940
"""" s 087 (0460-163) 0658 083 (04441577) 0581
"""" Unknown 1110 (06032044) 0738 1070 (0580-1971) 0829
CMistelogy
"""" Adenocarcinomas  Reference  Refeence
"""" Epithelal 1129 (07941606 0498 1145 (0801-1637) 0456
"""" Mudnous 1052 (06811625 0821 1000 (0634-1577) 0999
"""" Othes 1282 (0748219) 0367 1336 (07792291) 0292

Metastasis of solid tumors occurs in a sequential manner, in-
cluding local invasion, intravasation, survival in the circulation,
extravasation, and colonization [38]. Primary tumors can se-
crete cytokines to prime a pre-metastatic niche that facilitates
the formation of distant metastasis [39], which has generated
the hypothesis of the beneficial effects of primary tumor treat-
ment on retarding metastasis, even possibly prolonging surviv-
al [40]. In 2 clinical trials to elucidate the value of nephrecto-
my in metastatic renal cell carcinoma, patients were randomly
assigned to undergo the standard systemic therapy alone or
in combination with radical nephrectomy [41,42]. The median
0S was significantly prolonged from 7 months to 17 months
by nephrectomy [42] and from 8 months to 11 months with
standard systemic therapy alone [41]. The survival benefit in
these 2 clinical trials indicates that resection of the primary
tumor could abolish the pro-metastatic role of primary lesions.
In addition, removal of primary tumor lesions has been shown

to potentially rescue the immunosuppressive status and re-
store immunocompetence in different animal models [43,44].

However, the opponents of primary tumor resection in patients
with distant metastasis argue that the procedure of local tumor
resection can delay the initiation of systemic therapy and expose
patients to possible postoperative complications, both of which
can affect patient survival [45]. Therefore, multidisciplinary eval-
uation of patients with metastatic GBC should be routinely con-
ducted before decision-making occurs [46,47], aiming to care-
fully establish personalized therapeutic strategies. Additionally,
owing to perioperative complications, postoperative quality of
life, and medical costs, patient preference should also be tak-
en into consideration before undertaking this procedure [36].

There are some limitations to this study. First, due to the na-
ture of the SEER database, it was a retrospective study and
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Figure 6. Kaplan-Meier curves for (A) overall survival and (B) carcinoma-specific survival stratified by primary tumor resection in the

matched cohort.
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selection bias was unavoidable. Although PSM was used to
balance covariates between the 2 different groups, the out-
comes might have been affected by other factors, such as
the number of metastasis sites and the general status of pa-
tients. Specifically, we do not know if patients undergoing pri-
mary tumor resection tended to have better performance sta-
tus, which could affect the evaluation of the influence of local
tumor resection on patient survival. Second, detailed data on
chemoradiotherapy regimens and biological targeted thera-
pies are unavailable in the SEER database, which might also
affect patient survival.

Conclusions

Collectively, this population-based, propensity-matched study
showed that surgical resection of the primary tumor could yield
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an association with favorable survival for patients with meta-
static GBC, despite several inevitable limitations. Prospective
randomized controlled trials should be performed to confirm
our initial conclusions. Moreover, we suggest that a multi-dis-
ciplinary team should be generalized for comprehensive clini-
cal management of patients with metastatic GBC.
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