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Abstract

BACKGROUND
Whether regional lymphadenectomy (RL) should be routinely performed in
patients with T1b gallbladder cancer (GBC) remains a subject of debate.
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AIM
To investigate whether RL can improve the prognosis of patients with T1b GBC.

METHODS

We studied a multicenter cohort of patients with T1b GBC who underwent
surgery between 2008 and 2016 at 24 hospitals in 13 provinces in China. The log-
rank test and Cox proportional hazards model were used to compare the overall
survival (OS) of patients who underwent cholecystectomy (Ch) + RL and those
who underwent Ch only. To investigate whether combined hepatectomy (Hep)
improved OS in T1b patients, we studied patients who underwent Ch + RL to
compare the OS of patients who underwent combined Hep and patients who did
not.

RESULTS

Of the 121 patients (aged 61.9 £ 10.1 years), 77 (63.6%) underwent Ch + RL, and 44
(36.4%) underwent Ch only. Seven (9.1%) patients in the Ch + RL group had
lymph node metastasis. The 5-year OS rate was significantly higher in the Ch +
RL group than in the Ch group (76.3% vs 56.8%, P = 0.036). Multivariate analysis
showed that Ch + RL was significantly associated with improved OS (hazard
ratio: 0.51; 95% confidence interval: 0.26-0.99). Among the 77 patients who
underwent Ch + RL, no survival improvement was found in patients who
underwent combined Hep (5-year OS rate: 79.5% for combined Hep and 76.1% for
no Hep; P = 0.50).

CONCLUSION

T1b GBC patients who underwent Ch + RL had a better prognosis than those who
underwent Ch. Hep + Ch showed no improvement in prognosis in T1b GBC
patients. Although recommended by both the National Comprehensive Cancer
Network and Chinese Medical Association guidelines, RL was only performed in
63.6% of T1b GBC patients. Routine Ch + RL should be advised in T1b GBC.

Key Words: Gallbladder cancer; Lymphadenectomy; Hepatectomy; Staging; Prognosis;
Surgery

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Although recommended by both National Comprehensive Cancer Network
guidelines and Chinese Medical Association guidelines, whether regional
lymphadenectomy can improve prognosis in patients with T1b gallbladder cancer
(GBC) lacks concrete evidence. We performed a multicenter cohort study between
2008 and 2016 at 24 hospitals in 13 provinces in China, representing the largest series
of T1b patients in China. We also studied whether combined hepatectomy improved
the prognosis. Our data provide necessary evidence for the standardized treatment of
GBC.
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INTRODUCTION

Gallbladder cancer (GBC) accounts for 80%-95% of biliary tract cancers worldwide,
with a median survival of only 6 mol'. Surgery is the only potentially curative
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treatment for GBCPL. For early-stage T1 GBC, the 5-year survival rate can be as high as
50%-90%"4. However, the appropriate extent of resection for early-stage GBC,
especially T1b tumors, is still controversial. Patients are often incidentally found to
suffer from GBC after cholecystectomy (Ch), and residual malignancy can be left in up
to 37.5% of T1 GBC patients. Additionally, as approximately 15% of T1b GBC
patients have lymph node metastasis!’, many clinicians advocate regional
lymphadenectomy (RL) of hilar lymph nodes in addition to Ch (Ch + RL). Several
studies have reported that Ch + RL improves the prognosis of patients with T1b
GBCl*l. Moreover, Ch + RL can contribute to better lymph node staging!’. The
guidelines of the Chinese Medical Association (CMA, 2015) and National
Comprehensive Cancer Network (NCCN, 2019 version 4) recommend Ch + RL for T1b
GBCF,

On the other hand, some studies have shown that Ch is associated with a
comparable prognosis as Ch + RL, indicating that RL in the latter procedure is
unnecessary!*'*"!l. This study, using a multicenter Chinese cohort of GBC patients,
clarified whether Ch + RL improves the prognosis of T1b GBC patients compared to
Ch alone and whether hepatectomy (Hep) is necessary in combination with Ch.

MATERIALS AND METHODS

Patients

The Chinese Research Group of Gallbladder Cancer (CRGGC) conducted a
retrospective multicenter cohort study by collecting the electronic medical records of
GBC patients in China to create a study cohort. The protocol of the CRGGC was
approved by the Committee for Ethics of Xinhua Hospital, Shanghai Jiao Tong
University School of Medicine (Ethical Approval SHEC-C-2019-085) and registered on
ClinicalTrials.gov (NCT04140552). This analysis was performed in April 2020 on data
obtained between 2008 and 2016 from 24 hospitals across 13 provinces in China (
Supplementary Appendix 1). The inclusion criteria were as follows: Primary
adenocarcinoma of the GBC with pathological staging of T1b using the 8" staging
guidelines of the American Joint Committee on Cancer; Absence of distant metastasis;
treatment by surgical resection of the gallbladder; and For patients who underwent
Ch, information on whether a reresection was performed. As patients with GBC are
often diagnosed after Ch, they are likely to undergo reresection with or without
combined Hep and/or RL to resect any possible residual tumorous disease. Cox
regression of the log hazard ratio (HR) on a covariate with a standard deviation of 1.50
based on a sample of 110 observations achieves 80% power at a 0.050 significance level
to detect a regression coefficient equal to 0.40. The sample size was adjusted for an
anticipated event rate of 0.20. The sample size was calculated using PASS 11.0.7
(NCSS, LLC, Kaysville, UT, United States). As a result, 121 patients were enrolled in
this study.

Surgical procedures

Two surgeons (TR and YSL) independently reviewed the surgical procedures that the
patients had undergone based on the cohort. The latest CMA and NCCN guidelines
recommend the standard operation for T1b GBC to be Ch + RL, and Ch should be
combined with Hep*’l. Patients in the Ch group were defined as those who underwent
cholecystectomy without RL. Patients in the Ch + RL group included those who
underwent a single-stage surgery of Ch plus resection of lymph nodes in the porta
hepatis and those who were diagnosed to have incidental GBC after Ch and then
underwent repeat surgery for lymph node resection as recommended by the CMA and
NCCN guidelines. Patients who underwent Ch + RL may or may not have undergone
combined Hep. Patients who underwent Ch + RL and combined Hep were further
classified into those who underwent wedge liver resection of the gallbladder bed and
segment IVb + V resection. Further biliary tract resection was performed when
necessary to achieve R0 resection.

Data collection and outcome measures
Demographic and clinical data, including pathological and surgical details, were
retrieved from the electronic medical records. The hospitals were divided into high- or
low-volume centers, depending on whether a center treated more or less than 20 GBC
patients annually, based on the rarity of GBC as previously reported!"*'“l. As a result, 8
hospitals were classified as high-volume, and 16 as low-volume.

The primary outcome of this study was overall survival (OS), which was defined as
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the time from the date of the first surgery to the date of death or the date of last
contact, whichever came first. Follow-up was routinely performed once every 3-6 mo
in the local hospitals.

Statistical analysis

The patients’ characteristics are reported as the mean * SD deviation, median (range)
or frequency as appropriate. Differences in the baseline characteristics of patients who
underwent Ch and those who underwent Ch + RL were compared using the t-test for
normally distributed continuous data, the Wilcoxon rank sum test for skewed
continuous data, or the chi-squared test or Fisher’s exact test for categorical variables.
Kaplan-Meier curves and the log-rank test were used to evaluate the survival
difference between patients who underwent Ch and those who underwent Ch + RL.
Cox proportional hazards models were applied to estimate HRs and their 95%
confidence intervals (Cls) for prognosis after adjusting for age, sex, hospital volume,
and resection margin. As lymph node metastasis status could not be determined in
patients who underwent Ch, this variable was not included in the models for analysis.
The models were tested using different subsets of covariates to assess the robustness of
the results. Furthermore, as we classified surgery type according to the surgical
reports, some patients who underwent Ch + RL had missing pathological reports on
nodal status and were thus excluded from the sensitivity analysis.

Since combined Hep was considered the standard procedure for T1b GBC in the
guidelines, this surgical procedure was considered a prognostic factor in this study.
Combined Hep was performed in most patients who underwent Ch + RL. To evaluate
the prognostic impact of combined Hep + Ch + RL on T1b patients, two analyses were
carried out: To adjust combined Hep in the Cox regression, and to determine whether
combined Hep improved the prognosis of patients who underwent
lymphadenectomy. Kaplan-Meier curves and the log-rank test were used to explore
the differences in survival between the dichotomized groups in the subpopulations.
All statistical analyses were performed using R version 3.6.2 (R Foundation for
Statistical Computing, Vienna, Austria). Differences with a two-sided P < 0.05 were
considered statistically significant.

RESULTS

Patient characteristics

The final cohort included 121 patients with primary T1b GBC, of which 44 (36.4%)
underwent Ch and 77 (63.6%) Ch + RL (Figure 1). The mean age (= SD) was 61.9 £ 10.1
years, and 91 (75.2%) patients were female. The 5-year OS rate was 70.5%. The median
follow-up time was 63.6 mo. The Ch and Ch + RL groups did not differ significantly in
age, sex, hospital volume, or poor histological grade. The RO resection rate was 90.9%
in the Ch group and 94.8% in the Ch + RL group (P = 0.46; Table 1). Six patients
underwent combined bile duct resection because the tumor location was close to the
cystic duct. Of the 40 (33.1%) patients who had incidental GBC, only 15 (37.5%)
underwent reoperation for lymphadenectomy and/or combined Hep. Among the 15
patients, 1 had positive nodal disease and one had a positive margin on the cystic duct,
but none of the patients showed any residual diseases in the liver bed.

Lymphadenectomy improved the prognosis of T1b GBC

Patients in the Ch group showed a significantly lower 5-year OS rate than those in the
Ch + RL group (56.8% vs 76.3%, P = 0.036; Figure 2). In the Cox proportional hazards
regression analysis, Ch + RL was a significant protective factor for OS even after
adjusting for age, sex, hospital volume, and positive margin (HR: 0.51, 95%CI: 0.26-
0.99, P = 0.049; Model 3 in Table 2). To validate this result, a sensitivity analysis was
performed excluding patients who underwent Ch + RL and did not have a nodal
status (n = 15); and patients who had a positive resection margin (n = 8). Ch + RL was
still a significant protective factor for OS (Supplementary Tables 1 and 2).

Patients who underwent Ch had an undetermined nodal status. Patients with this
undetermined status were associated with worse OS than those with an absence of
positive nodal diseases (Nx vs NO, P = 0.040; Supplementary Table 1). Of the 77
patients who underwent Ch + RL, 7 (9.1%) had positive lymph node metastasis, 55
(71.4%) had negative nodal disease, and 15 (19.5%) had undetermined nodal disease
because of missing records in the pathology reports. One patient was found to have a
positive lymph node in the post-superior pancreatic region, and this patient
underwent extended lymphadenectomy. Among the 7 patients with lymphatic
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Table 1 Characteristics of T1b gallbladder cancer patients who underwent cholecystectomy alone or cholecystectomy combined with

regional lymphadenectomy

Characteristic Ch,n=44 Ch+RL,n=77 P value
Age, mean + SD in yr 628 £11.3 61.4+94 0.48
Female 34 (77.3) 57 (74.3) 0.69
Admitted to high-volume centers' 22 (50.0) 46 (59.7) 0.30
Nodal metastasis =
Negative, NO 0(0) 55 (71.4) -
Positive, N+ 1(2.3) 7 (9.1) —
Undetermined, Nx 43 (97.7) 15 (19.5) -

No. of examined nodes, median (range) 0(0-1) 3 (0-14) =7
Malignancy diagnosed after primary surgery 25 (56.8) 15 (19.5) <0.001"
Hepatectomy 2 (4.5) 54 (70.1) <0.001°
Liver wedge resection 2 (4.5) 51 (66.2) -
Segment IVb + V resection 0 (0) 3(3.9) -

Bile duct resection 1(2.3) 5 (6.5) 0.41
Negative resection margin 40 (90.9) 73 (94.8) 0.46
Poor histological grade 4(9.1) 15 (19.5) 0.19
Microscopic vascular invasion 0(0) 3(3.9) 0.55
Perineural invasion 0 (0) 1(1.3) 1.00

The data are presented as 1 (%) unless otherwise specified.

bp < 0.01.

Hospitals admitting more than 20 gallbladder cancer patients per year.

Combined liver wedge resection was performed in 2 patients who underwent cholecystectomy (Ch) because the tumor was on the liver bed.
3Nodal metastasis and number of examined nodes were different between the two groups because lymphadenectomy was not performed in the Ch group.
Ch: Cholecystectomy; Ch + RL: Cholecystectomy combined with regional lymphadenectomy; SD: Standard deviation.

Table 2 Association between surgery type and overall survival in T1b gallbladder cancer patients

Model 1 Model 2 Model 3

0.50 (0.26-0.97)" 0.47 (0.24-0.92) 051 (0.26-0.99)"

Variable

Ch + RL vs Ch

1.73 (0.82-3.64) 1.91 (0.89-4.10)

Age > 60-years-old =

Female sex = 0.68 (0.33-1.39) 0.60 (0.29-1.26)
High hospital volume = 0.97 (0.50-1.89) 0.99 (0.50-1.95)
Negative margin = = 0.31 (0.11-0.83)"
2P < 0.05.

bp < 0.01.

Model 1: Crude model; Model 2: Adjusted for age (> 60 years vs < 60 years), sex, and hospital volume (high vs low); Model 3: Adjusted for age, sex, hospital
volume, and resection margin (positive vs negative). Ch: Cholecystectomy; Ch + RL: Cholecystectomy combined with regional lymphadenectomy.

metastasis, only one received chemotherapy. In contrast, most patients who
underwent Ch (97.7%) had an undetermined nodal status, as lymphadenectomy was
not carried out. However, 4 patients (9.1%) had one or two lymph nodes removed
together with the gallbladder, resulting in one patient being diagnosed with positive
nodal disease.

The impact of combined Hep on prognosis was evaluated. Of the 77 patients who
underwent Ch + RL, 54 (70.1%) underwent combined Hep + Ch + RL, which included
wedge liver resection of the gallbladder bed (n = 51, 94.4%) or segment IVb + V
resection (n = 3, 5.6%). Combined Hep was also performed in 2 patients in the Ch
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4266 diagnosed as GBC
Between 2008 and 2016 from CRGGC

4145 excluded:
(1) 229 not primary malignancy
(2) 1450 did not underwent surgery
(3) 774 distant metastasis
(4) 1667 not pathological stage T1b
(5) 3 not adenocarcinoma
(6) 2 reresection status not available
(7) 20 prognosis not available

| |

44 underwent 77 underwent
Cholecystectomy and
reginal lymphadenectomy

Cholecystectomy

Figure 1 Flow diagram of participant selection and analysis. CRGGC: Chinese Research Group of Gallbladder Cancer; GBC: Gallbladder cancer.
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Figure 2 Kaplan-Meier analysis of the overall survival of T1b gallbladder cancer patients who underwent cholecystectomy alone or

cholecystectomy combined with regional lymphadenectomy. Ch: Cholecystectomy; Ch + RL: Cholecystectomy combined with regional
lymphadenectomy.

group because the tumor was on the liver bed (n = 2). Thus, of the 56 hepatectomies
performed in this patient cohort, 54 were performed in the Ch + RL group. Then the
prognostic role of combined Hep was evaluated using two sequential methods as
follows.

First, combined Hep was adjusted for in the Cox regression (Supplementary Table 3
). The variance inflation factor was 2.1 for combined Hep and 2.2 for Ch + RL
(compared with 1.1 in Model 3, as shown in Table 2), indicating acceptable collinearity.
Ch + RL was still found to be a protective factor for prognosis with marginal
significance (HR: 0.37, 95%CI: 0.14-1.00; P = 0.050), a comparable result with Model 3.
Second, patients who underwent Ch + RL were examined, and the OS rates of patients
who underwent combined Hep and those who did not were compared. No significant
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difference was found (5-year OS rate: 79.5% for combined Hep and 76.1% for no Hep,
P = 0.50; Figure 3). The baseline characteristics of these two subgroups were
comparable (Supplementary Table 4).

DISCUSSION

In this study, the prognostic effect of Ch + RL on T1b GBC patients was evaluated
based on a multicenter GBC cohort in China. This study found that patients who
underwent Ch + RL had a better prognosis than those who underwent Ch only. This
improvement was not associated with combined Hep.

Although Ch + RL is recommended by both the NCCN and CMA guidelines for T1b
GBC patients?””, this study found that Ch + RL was performed in only 63.6% of T1b
GBC patients. Poor compliance has also been reported in the United States, with fewer
than 50% of T1b patients undergoing Ch + RL. However, Ch + RL has been shown to
improve the elimination rate of residual disease, which can occur in up to 37.5% of
patients based on data obtained after reresection”, with up to 12.5% of patients having
lymph node metastases. In our study, approximately 10% of patients in the Ch + RL
group showed lymph node metastases, a proportion similar to that reported in the
United Statest'"l. Thus, for patients who underwent Ch with a lymph node status that
cannot be determined, there is a high chance of residual disease in metastatic lymph
nodes, highlighting the importance of routine RL in T1b GBC patients.

Although combined Hep has been proposed as a standard procedure for T1b
tumorsl?, there has been little reported evidence on its beneficial role in patients with
T1b GBC. Similarly, the effect of combined Hep on patients with T2 GBC remains
controversial, particularly for patients with tumors on the peritoneal side of the
gallbladder!*'"l. In assessing the prognostic role of combined Hep in T1b patients in
this study, no significant difference in the 5-year OS rates was observed after Ch + RL
between patients who underwent combined Hep and those who did not undergo
combined Hep. The main purposes of combining Hep with Ch + RL in GBC are: To
achieve a negative resection margin, to prevent recurrence due to micrometastases in
the gallbladder bed, and to prevent potential invasion of the hepatoduodenal
ligament!". As T1b tumors are still confined within the muscular layer of the
gallbladder, the risk of metastasis to the gallbladder bed should be low. Consistent
with the findings of this study, a previous study! reported no residual cancer in the
liver bed in eight T1 GBC patients who underwent repeat surgery. Additionally, this
study did not detect any invasion of the hepatoduodenal ligament in T1b GBC
patients. These findings suggested that Ch + RL, without combined Hep, is acceptable
when negative resection margins can be guaranteed.

However, Zhang et al"! found that intraoperative pathology understaged 12 out of
14 consecutive T1b GBC patients, with 11 T2 cases and 1 T3 case confirmed by
postoperative pathology. Regarding this risk of understaging, combined Hep should
always be considered in the primary operation when the malignancy is diagnosed
before or during surgery. On the other hand, for those who were diagnosed after
primary surgery, our findings suggested that a reresection of lymphadenectomy could
improve both prognosis and accurate staging, while Hep may be less helpful.

This study showed a 5-year OS rate of 70.5% for Chinese patients with T1b GBC,
which is higher than those reported from the National Cancer Data Base of the United
States (57.5% for cholecystectomy and 48.3% for radical cholecystectomy) but is
lower than the rates of 89.0% reported in an international cohort!"! and 90.4% reported
in a Korean cohort!’. These differences could partly be explained by the higher
proportions of patients who were positive for lymph node metastasis in our cohort
(9.1%) and in the National Cancer Data Base (15%) than in the two other studies (5.8%
and 0%). Indeed, a Japanese cohort of T1b patients from 172 hospitals with 15.6%
having positive nodal disease reported a comparable 5-year OS rate of 72.5%!"1.

Several groups have reported negligible differences in OS between Ch and Ch + RL
for T1b patients!*'***, contrary to the results of this study. Interestingly, three of these
four studies reported low rates of positive nodal disease (0%-5.8%), thereby explaining
why lymphadenectomy had less of an impact on the elimination of residual disease
and on more accurate disease staging. The great variations in the prevalence of
positive nodal disease among studies on T1b patients might reflect the heterogeneity
of tumor behavior in GBC in different regions.

This study had limitations. First, potential selection bias was inherent in this
retrospective study. Second, this study lacked data on the sites of GBC. T2 tumors on
the hepatic side have been reported to be associated with a worse prognosis than those
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Figure 3 Overall survival of cholecystectomy combined with regional lymphadenectomy patients who underwent hepatectomy and who
did not undergo hepatectomy. Hep: Hepatectomy; No Hep: Did not undergo hepatectomy.
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on the peritoneal sidel'’l. Furthermore, the location of the tumor in relation to the liver
may influence the efficacy of Hep!"”), although this is still controversial™!. Third, the
analysis of combined Hep was performed in a subgroup of T1b patients with a small
sample size. This may potentially lead to less statistical power. Further studies on GBC
patients with T1b tumors with larger samples are needed. Fourth, as chemotherapy
was underused in the study period?, only 1 patient among 7 with nodal metastasis
received chemotherapy, which might improve the prognosis. However, this
underusage did not alter our conclusion, as Ch + RL could help find patients with
nodal status and improve decision-making in comprehensive treatment.

CONCLUSION

T1b GBC patients who underwent Ch + RL had a better prognosis than those who
underwent Ch. Hep + Ch showed no improvement in prognosis in T1b GBC patients.
Only 63.6% of patients with T1b GBC underwent Ch + RL as recommended by
guidelines. Routine Ch + RL should be advised for patients with T1b GBC.

ARTICLE HIGHLIGHTS

Research background
Whether regional lymphadenectomy (RL) can improve prognosis in patients with T1b
gallbladder cancer (GBC) remains a subject of debate.

Research motivation
To date, controversy persisted on whether RL should be routinely performed in T1b
GBC. It’s necessary to provide evidence for the standardized treatment for GBC.

Research objectives
To investigate whether RL can improve the prognosis of patients with T1b GBC.

Research methods

We studied a multicenter cohort of patients with T1b GBC who underwent surgery
between 2008 and 2016 at 24 hospitals in 13 provinces in China. The log-rank test and
Cox proportional hazards model were used to compare the overall survival (OS) of
patients who underwent cholecystectomy (Ch) + RL and those who underwent Ch
only. Furthermore, we studied patients who underwent Ch + RL to compare the OS of
patients who underwent combined hepatectomy (Hep) and patients who did not.
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Research results

Of the 121 patients (aged 61.9 £ 10.1 years), 77 (63.6%) underwent Ch + RL, and 44
(36.4%) underwent Ch only. Seven (9.1%) patients in the Ch + RL group had lymph
node metastasis. The 5-year OS rate was significantly higher in the Ch + RL group
than in the Ch group (76.3% vs 56.8%, P = 0.036). Multivariate analysis showed that Ch
+ RL was significantly associated with improved OS (hazard ratio = 0.51; 95%
confidence interval: 0.26-0.99). Among the 77 patients who underwent Ch + RL, no
survival improvement was found in patients who underwent combined Hep (5-year
OS rate: 79.5% for combined Hep and 76.1% for no Hep; P = 0.50).

Research conclusions
T1b GBC patients who underwent Ch + RL had a better prognosis than those who
underwent Ch. Hep + Ch showed no improvement in prognosis in T1b GBC patients.

Research perspectives
Ch + RL should be routinely performed in T1b GBC patients.
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