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Abstract

Background The incidence of cholelithiasis has been shown to be higher for patients after gastrectomy than for the general
population, due to vagal branch damage and gastrointestinal reconstruction. The aim of this trial was to evaluate the need
for routine concomitant prophylactic cholecystectomy (PC) during gastrectomy for cancer.

Methods A multicenter, randomized, controlled trial was conducted between November 2008 and March 2017. Of the total
130 included patients, 65 underwent PC and 65 underwent standard gastric surgery only for curable cancers. The primary
endpoint was cholelithiasis-free survival after gastrectomy for gastric adenocarcinoma. Cholelithiasis was detected by ultra-
sound exam.

Results After a median follow-up of 62 months, eight patients (12.3%) in the control group developed biliary abnormali-
ties (four cases of gallbladder calculi and four cases of biliary sludge), with only three (4.6%) being clinically relevant (two
cholecystectomies needed, one acute pancreatitis). One patient in the PC group had asymptomatic biliary dilatation dur-
ing sonography after surgery. The cholelithiasis-free survival did not show statistical significance between the two groups
(P=0.267). The number needed to treat with PC to avoid reoperation for cholelithiasis was 1:32.5.

Conclusions Concomitant PC during gastric surgery for malignancies, although reducing the absolute number of biliary
abnormalities, has no significant impact on the natural course of patients.
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There is long-standing debate regarding the need for con-
comitant prophylactic cholecystectomy (PC) during gastric
surgery because of the supposed subsequent higher inci-
dence of gallstones and gallbladder sludge. Some stud-
ies have reported an incidence of gallstones up to 25% in
those patients who have undergone gastric surgery [1-5].
The mechanism of gallbladder impairment is thought to be
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multifactorial. First, there is disruption of the vagus nerve
branches. Second, anatomical gastrointestinal reconstruc-
tion [6, 7], gastrectomy, and lymphadenectomy, if needed
for malignancy, could also have roles [1, 3, 8-12].

The major theoretical advantage of performing PC
during gastric surgery is the avoidance of possible rein-
tervention in the case of acute postoperative complica-
tions such as cholecystitis or common bile duct stones
[13-16], especially for those patients who have to undergo
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multitherapeutic strategies (i.e., adjuvant chemotherapy)
[17]. In these instances, both laparoscopic cholecystec-
tomy and endoscopic retrograde cholangiography could
be challenging, if not impossible, in the presence of pre-
vious reconstructions or adhesions [18, 19]. A recent arti-
cle and retrospective review reported increased mortality
rates after subsequent cholecystectomy [5, 20]. Conversely,
PC achieved during open or minimally invasive surgery is
not time-consuming and has minimal additional risks for
patients [21-24]. However, there are many concerns regard-
ing this strategy. First, most anecdotal reports of biliary
complications after gastric surgery have been related to
peptic diseases or, more recently, morbid obesity, and only
a few surviving patients with cholelithiasis after gastric sur-
gery for cancer are expected to develop symptoms or require
additional treatments [2, 3]. With improvements in surgical
skills and technical equipment, the standard laparoscopic
cholecystectomy is often feasible, even for those patients
who have undergone the previous gastric surgery with mini-
mal risks of conversion and bile duct injuries [18, 25, 26].
Finally, the increasing issues of litigation and malpractice
claims have raised some concerns regarding the removal of
a healthy organ.

Conversely, recent multimodal approaches have pro-
longed the survival of cancer patients, including those
affected by gastric malignancy, thus increasing the possibil-
ity of gallstone development after surgery. Moreover, almost
90% of those who will develop calculi will do so within
2 years after surgery [3]. Therefore, with a 5-year survival
rate of up to 50% at many centers [27, 28], a larger number
of patients could be at risk for biliary complications during
follow-up.

Unfortunately, no strong, statistically relevant, conclusive
study has been reported in the literature, and most results are
contrasting and of poor quality. Some authors [3, 8] have
recommended performing PC at the time of gastric surgery
to avoid complications and impairment of quality of life for
surviving patients; however, others have not [1, 14]. After
discussing the opportunity for concomitant surgery with the
patient, each surgeon is able to decide, according to prefer-
ence, whether PC should be proposed on a routine basis if
gallbladder calculi or biliary sludge is present.

The aim of the trial was to investigate if the PC performed
during the standard surgery for gastric cancer had a clinical
impact during the long-term follow-up.

Methods
Trial design

After formal approval by the ethics committee of each
participating center, the Cholegas Study, a randomized,

multicenter, controlled trial regarding PC during gastric
surgery for cancer, began in Italy in November 2008 (Trial
Registration: ClinicalTrials.gov ID. NCT00757640) [29].
The recruitment ended in March 2012 [30], and follow-up
was concluded in March 2017. The aim was to investigate
whether intervention was needed and advisable. The nine
participating centers were distributed throughout Italy, and
the surgeons (members of the GIRCG [Italian Research
Group for Gastric Cancer]) had previously performed certi-
fied gastric surgery. Details of the study protocol have been
published elsewhere [29]. In brief, the protocol required
a complete preoperative data collection, including patient
demographics and comorbidities, details of gastric surgery,
perioperative treatment and complications, and follow-up. A
routine ultrasonography of hepatobiliary region was sched-
uled after 4 months, thereafter every 6 months for the first 2
years and yearly for the rest of the follow-up (at least 5 years)
to assess possible cholelithiasis development. Routine blood
checks with specific hepatic tests were performed with the
same schedule.

Participants

Inclusion criteria were age younger than 80 years and a his-
topathologically confirmed gastric adenocarcinoma. Those
who underwent the previous cholecystectomy, those who
had confirmed cholelithiasis or biliary sludge, and those who
had metastases or some metabolic disease that may favor
gallstone formation (i.e., hemolytic anemia or genetic hyper-
cholesterolemia) were excluded. After each patient read a
simplified abstract of the study, formal written consent to
participate in the study was obtained.

Patients with confirmed cholelithiasis or with risk factors
for biliary sludge underwent standard cholecystectomy on a
routine basis, whereas other potentially eligible patients who
refused to participate in the study underwent PC according
to the surgeon’s decision.

Interventions

According to a computer-generated list, eligible patients
were randomized into two groups: PC during standard sur-
gery (PC group) and standard gastric surgery only [standard
surgery group (control group)]. The general oncologic prin-
ciples of the standard gastric surgery (subtotal or total gas-
trectomy) were maintained, including vascular ligation and
lymphadenectomy (D1, D2, and D3). No protocol restric-
tions regarding the use of minimally invasive technologies
were required. Moreover, all types of reconstructions were
allowed, including stapled or hand-sewn anastomosis.
Other technical details, such as the positioning of drain-
age and naso-gastric suction equipment, were used based
on each surgeon’s preference. If PC were required by
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randomization, then no particular technical recommenda-
tion was offered and any surgical devices, including clips
and sutures, were allowed.

Study endpoints

The primary endpoint of the present study was cholelithi-
asis-free survival after gastrectomy for gastric adenocarci-
noma, and the study was powered on this outcome. Chole-
lithiasis or biliary sludge was detected by ultrasound exam.
Symptomatic cholelithiasis and cholecystectomy were also
evaluated as a secondary endpoint of efficacy. In addition, a
short-term endpoint of safety (complication rate, operative
time, and postoperative stay) was addressed in a previous
article [30].

An interim analysis to assess the safety of PC during
gastric surgery was required by the ethics committee of the
leading center and published in abstract form after half of
the planned enrollment had concluded (sixty patients).

Statistical analyses

Sample size calculations and relevant statistical assumptions
were reported along with the trial protocol [29]. We assumed
that patients undergoing gastrectomy plus PC would not
have experienced biliary disorders 5 years later and that 20%
of those undergoing standard surgery would have experi-
enced it. With a planned accrual period of 2 years, a mini-
mum follow-up period of 3 years, and 50% of patients lost to
follow-up (deceased or untraced) after 3 years, at least 122
patients (61 in each group) were considered necessary to
ensure 80% power with a two-sided alpha of 5%.
Significant differences between the PC and standard
surgery groups were evaluated by the non-parametric Wil-
coxon—-Mann—Whitney rank-sum test for quantitative vari-
ables and by Fisher’s exact test for categorical variables.
As planned in the study protocol [29], the incidence
of cholelithiasis was compared between the control and
treated groups by survival curves, estimated using the
Kaplan—Meier method. Ultrasound detection of gallblad-
der calculi or other biliary abnormalities was considered
as terminal event and death from any cause as censoring
event. Significance of differences was evaluated by the log-
rank test when the hazard functions were proportional over
time, and by the Wilcoxon—-Breslow—Gehan test otherwise.
A subgroup analysis, not initially planned in the study proto-
col, was added before seeing long-term results, and involved
patients with pathological reports of the early stages [Ameri-
can Joint Committee on Cancer (AJCC) stage I or II].
Demographic characteristics, perioperative records, and
data collected after the conclusion of the follow-up were
electronically sent from each participating center to the
leading center using a standard, simple, presettled database
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(Microsoft Access; Microsoft Corporation Italia, Segrate,
Milan, Italy). Analyses were performed using Stata statisti-
cal software (release 14; StataCorp, College Station, TX,
USA), and statistical significance was set at <0.05.

Results
Patients

The Cholegas Study recruitment ended in 2012. One hun-
dred and sixty-two patients from nine participating centers
were randomized. The final analysis included 130 (80.2%)
patients. Details regarding randomization, inclusion and
exclusion criteria, and reasons why some eligible and rand-
omized patients dropped out have been published elsewhere
[30] and are summarized in Fig. 1. Despite no technical
restriction was included in planned protocol, no laparoscopic
gastrectomy was collected.

The final analysis included 65 patients who underwent PC
and 65 who did not [standard surgery group (control group)].
The two groups were comparable regarding demographic
characteristics, body mass index, and definitive pathological
staging (Table 1).

Variables related to the surgical technique were superim-
posable in the two groups. Median duration of surgery was
210 min in both controls (120-345) and patients undergoing
PC (140-350); likewise, median blood loss was 200 ml in
both groups (100-900 and 50-1000 ml, respectively). Only
one postoperative death occurred in the intervention group
(1.5%). The overall complication rates were 25% for the
intervention group and 17% for the control treatment. None
of these differences were statistically significant.

Only one (1.5%) biliary complication was recorded for
the PC group during the postoperative period. The patient
experienced biliary leakage during drainage; however, it
spontaneously resolved within a few days (Clavien—Dindo
1). No definitive conclusion was achieved regarding the ori-
gin of the leak; however, the most likely candidates were
the gallbladder site and the bile ducts or a small duodenal
dehiscence. Although a direct analysis of the incidence of
biliary injuries was not a target of the protocol, the safety
of concomitant cholecystectomy during gastric surgery for
cancer was assessed and presented elsewhere [30].

Overall survival

The planned study protocol [29] required a minimum fol-
low-up of 3 years for the last patient included. The median
follow-up for surviving patients was 61 months (interquartile
range, 47-69 months).

Overall survival did not differ between the control and
treated groups: 5-year overall survival was 60% for the
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[ Enrollment ]

Assessed for eligibility (n=172)

Declined to participate (n=10)

Randomized (n=162)

l

v [ Allocation ] v
Allocated to intervention PC (n=79) Allocated to intervention SS (n=83)
+ Received allocated intervention (n=67) + Received allocated intervention (n=65)
+ Did not receive allocated intervention + Did not receive allocated intervention
(carcinomatosis, liver metastasis, R2 (carcinomatosis, liver metastasis, R2
surgery) (n=12) surgery) (n=18)
v . v
Analysis
Analysed (n=65) Analysed (n=65)

+ Excluded from analysis (not confirmed
adenocarcinoma) (n=2)

Fig. 1 CONSORT flowchart showing number of included patients during the study and the reasons for loss to final follow-up. PC prophylactic

cholecystectomy, SS standard surgery

control group (95% CI 47-71%) and 59% for the group
undergoing PC (95% CI 44-71%) (log-rank test: p=0.697).
Likewise, no survival difference between the control and
treated groups was observed when considering only the early
stages (AJCC stages I or II). The 5-year overall survival
was 77% (59-88%) for the control group and 76% (95% CI
57-87%) for the treated group (log-rank test: p=0.864).

Biliary abnormalities

During follow-up, eight patients (12.3%)—four with gall-
bladder calculi and four with biliary sludge—in the stand-
ard surgery group and one (1.5%)—abnormal main duct
dilatation—in the PC group, developed some kind of bil-
iary abnormality (8/65 vs. 1/65, p=0.033). Among these
patients, only three (4.6%, reflecting 33% of the “biliary
abnormalities”) in the standard surgery group and none in
the intervention group were symptomatic (3/65 vs. 0/65,
p=0.244). One of these three patients underwent cholecys-
tectomy during follow-up; another was scheduled for the
same surgery but had not undergone the procedure at the
time of data collection; the third patient developed acute
pancreatitis of biliary origin, which resolved with medical
therapy. Therefore, the number needed to treat with PC to

avoid reoperation for cholelithiasis was 1:32.5. The group
treated with PC had none of these disturbances.

When considering patients who were still alive after 60
months of follow-up, the cumulative incidence of chole-
lithiasis or biliary sludge increased to 18.5% (5/27) for the
control group, while no further case was recorded in the PC
group.

The difference in the crude number of ultrasound-detected
abnormalities, highlighted by the Fisher’s exact test, was not
confirmed when time to abnormality onset was taken into
account. Cholelithiasis-free survival curves, computed con-
sidering ultrasound detection of biliary abnormalities as the
terminal event, did not statistically differ between the two
groups (Wilcoxon—Breslow—Gehan test: p=0.267) (Fig. 2).
Moreover, the two groups did not significantly differ even
when the survival analysis focused on the late part of fol-
low-up, i.e., after 48 months (Wilcoxon test; p=0.143). The
same pattern was recorded during the subgroup analysis of
patients with a pathological report of the early stages (AJCC
stage I or I) (Fig. 3).

Finally, an attempt to identify any risk factors for bil-
iary abnormalities was performed for the standard surgery
group. Those who had positive sonography results were
compared with those who did not according to age, sex,
body mass index, type of surgery (total gastrectomy or
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Table 1 Comparison of patients’ characteristics, details of interven-
tions, and tumor stage between the groups undergoing PC or standard
gastric surgery only

Prophylactic Standard p value*
cholecystectomy surgery
(n=65) (n=65)
Age (years) 67 (24-80) 69 (43-80)  0.89
Sex (F/M) 27/38 28/37 1.00
BMI (kg/m?) 24 (19-37) 24 (18-37)  0.28
Type of gastrectomy 0.46
Subtotal 46 (71) 41 (63)
Total 19 (29) 24 (37)
Lymphadenectomy 0.86
D1 5(8) 7(11)
D2 52 (80) 50 (77)
D3 8 (12) 8 (12)
Reconstruction 0.43
Roux-en-Y 45 (69) 50 (77)
Billroth II 20 (31) 15(23)
Tumor stage (pTNM) 0.75
Stage I 25 (38) 25 (38)
Stage 11 6 (10) 7(11)
Stage 111 32 (49) 33(51)
Missing data 2(3) 0 (0)

Continuous variables are expressed as median and range; categorical
data as number and percentage

BMI Body Mass Index, pTNM pathological tumor node metastasis
(7th ed)

*p values were computed by Wilcoxon—-Mann—Whitney rank-sum test
for quantitative variables and by Fisher’s exact test for categorical
variables

whole patlents Wllcoxon test p= 0267

_ 1l _ L __l___ _|___ A

60% 80% 100%

40%

20%

Cholecystectomy
Standard surgery

cholelithiasis-free survival

2 24 36 48 60 72 84 96
months after gastrectomy

0%

Number at risk
Cholecystectomy 65 50 44 37 28 18 8
Standard surgery 65 52 43 38 32 27 14

H w
N

Fig.2 Cholelithiasis-free survival curves in all patients, estimated by
Kaplan—Meier method. “Ultrasound appearance” of biliary disorder
was considered as terminal event and death from any cause as censor-
ing event
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Fig.3 Cholelithiasis-free survival curves in the less advanced tumor
stages, estimated by Kaplan—Meier method. “Ultrasound appearance”
of biliary disorder was considered as terminal event and death from
any cause as censoring event

Table 2 Comparison between patients who developed “biliary abnor-
malities” at sonography in the Standard Surgery group (without pro-
phylactic cholecystectomy) (ECHO 1) and those who did not (ECHO
0)

ECHO 1 (n=8) ECHO 0 (n=57) p value*

Age (years) 71 (55-75) 70 (60-76) 0.982
BMI (kg/m?) 24 (21-25) 24 (22-26) 0.541
Sex 0.717
Women 4 (14) 24 (86)
Men 4(11) 33(89)
Type of surgery 0.471
Total gastrectomy 2 (8) 23(92)
Subtotal gastrectomy 6 (15) 34 (85)
Type of reconstruction 1.000
Roux-en-Y 6 (12) 43 (88)
Billroth IT 2 (12.5) 14 (87.5)
Lymphadenectomy 0.814
D1 1(17) 5(83)
D2 6 (12) 46 (88)
D3 1(14) 6 (86)

Continuous variables are expressed as median and interquartile range;
categorical variables are expressed as number and percentage

BMI Body Mass Index

*p values were computed by Wilcoxon—-Mann—Whitney rank-sum test
for quantitative variables and by Fisher’s exact test for categorical
variables

subtotal gastrectomy), surgical reconstruction (Roux-en-Y
and Billroth IT), and extension of lymphadenectomy (D1,
D2, or D3). None was significantly associated with biliary
abnormalities (Table 2).
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Discussion

The present study was the first randomized, controlled
trial comparing PC during gastric surgery for cancer to
the standard treatment (no concomitant cholecystectomy).
The trial showed that the primary endpoint, i.e., cholelith-
iasis-free survival, was not significantly modified by the
experimental intervention.

The trial design [29] investigated the differences
between the two groups but was not intended to measure
the risk of biliary injuries during concomitant cholecys-
tectomy, because that would have required many more
patients. However, the local ethics committee of the lead-
ing center required an interim analysis of the safety of PC
during gastric surgery, which was very unusual because
of its widespread use in the global surgical community.

Demographic perioperative outcomes and pathological
findings were comparable between the two groups accord-
ing to the blind randomization protocol [30] and were con-
sistent with Italian and international gastric cancer surgery
outcomes [28, 31-35]. One limitation to extending our
results to an eastern series was the routine use of recon-
structions using only Roux-en-Y and Billroth II; Billroth
I is rarely used in western countries [36].

Interestingly, performing PC during gastric cancer sur-
gery required no significant extra time. No other surgi-
cal or non-surgical complications were directly related to
cholecystectomy itself; therefore, morbidity was equally
distributed between the two study groups [30].

Although the mortality risk was the highest during
the first 3 years after gastrectomy [37], nearly all biliary
abnormalities found in the control group were sonographi-
cally detected after 4.5 years. Moreover, the cumulative
incidence of cholelithiasis or biliary sludge increased to
18.5% (5/27) when considering only patients who were
still alive 60 months after surgery. On the contrary, chole-
lithiasis was not observed after PC. During ultrasound,
only one patient presented abnormal biliary duct dilatation
without abnormal blood test results, symptoms of biliary
disease, or the need for further treatments.

However, symptomatic cholelithiasis was rather rare,
affecting only three patients (4.6%) in the control group
(33% of the diagnosticated “biliary abnormalities™), this
reflecting similar findings in the general population. Nev-
ertheless, most of the epidemiologic studies regarding
symptomatic patients included “gallstones disease” rather
than the wider spectrum of “biliary abnormalities” or “bil-
iary sludge” [38]. In addition, a symptomatic gallbladder
is difficult to define, because its clinical presentation over-
laps with that of other postgastrectomy syndromes [39].

Although, in the present clinical trial, PC significantly
reduced the crude number of biliary abnormalities after

gastric surgery, the difference between the treated and
control groups was not significant in the preplanned sur-
vival analysis. This apparent discrepancy was mainly due
to delayed onset of biliary abnormalities: in the control
group, 6 abnormalities out of 8 were sonographically
detected after 4.5 years from gastrectomy, so that survival
curves started to diverge thereafter. Moreover, although
the experimental procedure prevented the onset of bil-
iary symptoms in the treated group, these outcomes were
rare even in the control group, so that the difference was
not statistically significant. Hence, PC lacked a clinical
advantage.

These findings are consistent with an impressive review
of concomitant cholecystectomy during gastro-esophageal
surgery. The authors concluded that less than 5% of surgical
patients will require subsequent cholecystectomy, and most
of these procedures will be performed laparoscopically and
with few additional morbidity and mortality risks [14]. Nev-
ertheless, another study including more than 17,000 gastric
cancer patients reported an incidence 7.4% of cholelithiasis
during follow-up; half of them required further surgery, and
the mortality rate related to the second procedure was 1.8%
[5]. However, according to the present study, prophylactic
surgery was not justified if the development of symptoms
or late cholecystectomy was the only negative clinical
endpoints.

Some limitations should be acknowledged in the present
study. Although the follow-up was adequate (median 62
months), our sample size was smaller than those reported
by others [5], thus limiting the power to detect some specific
outcomes. Sample size had been planned to investigate ultra-
sound-detected biliary abnormalities. Hence, the secondary
outcome, “‘symptomatic cholelithiasis” (n=3) or reinterven-
tion (n=2), presented such low incidence that it could not
be studied in depth. In addition, our study had not enough
power to detect possible differences in risk factors when
comparing patients who developed ultrasound biliary abnor-
malities to those who did not. A recent study published by
Liang et al. [5] that involved more than 17,000 gastric cancer
patients identified important risk factors for the development
of biliary complications. In multivariable analysis, older age,
total gastrectomy, duodenal exclusion, diabetes, cirrhosis,
and other comorbidities contributed to biliary disease. In
addition, younger patients affected by symptomatic chole-
lithiasis or those who required readmission were at risk for
the subsequent surgery. However, the results of that study
did not conflict with our results for two main reasons. First,
the study designs were completely different regarding the
populations, aims, and statistical approach. Second, the
results of the study by Liang [S5] could be integrated with
and completed by ours, thereby permitting some definite
conclusions regarding the subgroup of patients who would
benefit from PC.
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In conclusion, concomitant PC during gastric surgery for
malignancies is safe, although not effective for improving
the natural course of patients. Indeed, although the addi-
tional intervention prevented the development of sympto-
matic biliary calculi or sludge in the long term, these bil-
iary abnormalities were mostly asymptomatic and delayed.
Moreover, according to the present trial, the number needed
to treat to avoid reoperation for cholelithiasis was 1:32.5,
and such a ratio does not allow for PC as routine practice. A
more rational approach could be to consider the procedure
for patients at higher risk for cholelithiasis, such as younger
patients with the early gastric cancer whose life expectancy
is high.
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