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Abstract

Background and Objectives: Perioperative blood transfusion is associated with poor
outcomes in several malignancies. Its effect in gallbladder cancer (GBC) is unknown.

Methods: All patients with GBC who underwent curative-intent resection at 10-institutions
from 2000 to 2015 were included. The effect of blood transfusion on overall survival (OS) and
recurrence-free (RFS) was evaluated.
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Results: Of 262 patients with curative-intent resection for GBC, 61 patients (23%) received
blood transfusions. Radical cholecystectomy was the most common procedure (80%), but major
hepatectomy was more frequent in the transfusion versus no-transfusion group (13% vs 4%; P

= 0.02). The transfusion group was less likely to have incidentally discovered disease (57% vs
74%) and receive adjuvant therapy (29% vs 48%), but more likely to have preoperative jaundice
(23% vs 11%), T3/T4 tumors (60% vs 39%), LVI (71% vs 40%), PNI (71% vs 48%), and major
complications (39% vs 12%) (all £< 0.05). Transfusion was associated with lower median OS
compared to notransfusion (20 vs 32 mos; £< 0.001), which persisted on multivariable (MV)
analysis (HR:1.9; 95%CI 1.1-3.5; £=0.035), controlling for comorbidities, serum albumin,
INR, preoperative jaundice, major hepatectomy, incidental discovery, margin status, T-Stage, LN
status, and major complications. Median RFS of transfused patients was 13mo compared to 49mo
for non-transfused patients (P = 0.1). Transfusion, however, was an independent predictor of
decreased RFS on MV analysis (HR:2.3; 95%CI 1.1-5.1; £=0.035).

Conclusions: Perioperative blood transfusion is associated with decreased OS and RFS after
resection for GCC, accounting for other adverse factors. Transfusions should thus be administered
with well-defined protocols.

Keywords
gallbladder cancer; perioperative blood transfusion; recurrence; survival

1| INTRODUCTION

Gallbladder cancer is a rare disease with a reported incidence of less than 5000 new cases
per year and approximately 3000 deaths annually.! It occurs more frequently in women,
and up to 70% of cases are found incidentally during elective cholecystectomy.1~3 The

only possible cure for gallbladder cancer is via surgical resection, but 5-year survival

rates following surgery range from 10% to 100% depending on tumor histology, stage of
disease, and the extent of surgical resection.4-8 It is currently recommended by the National
Comprehensive Cancer Network (NCCN) that all patients with a T1b or higher staged tumor
per the American Joint Committee on Cancer (AJCC) staging system undergo a radical
cholecystectomy with en bloc resection of segments IVb and V, as well as regional portal
lymph node dissection.” 8 Patients with lymph node metastasis outside the locoregional
lymph node basin or with distant metastasis, however, have not been shown to experience a
survival advantage following surgery.%10

There are multiple factors that have been found to be associated with patient morbidity

and mortality in gallbladder cancer. These include jaundice, advanced T-stage, and lymph
node metastases.11:12 Perioperative blood transfusion is a known predictor of poor prognosis
and postoperative morbidity in multiple cancers, including gastric, colorectal, bladder, and
pancreatic cancer.13-17 To date, evidence has been conflicting, with differing results based
on the type of cancer, number of units transfused, and timing of transfusion.14.18-20 While
the mechanism through which allogeneic blood transfusion affects prognosis in patients
who undergo curative cancer surgery remains unclear, the predominant theory is via an
immunomodulatory effect by transfused allogeneic leukocytes.?! Clinical trials are currently
lacking to further delineate this immunosuppressive effect, but patients undergoing surgical

J Surg Oncol. Author manuscript; available in PMC 2023 May 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lopez-Aguiar et al.

Page 3

resection for cancer continue to be transfused without universally pre-determined transfusion
protocols, despite evidence suggesting possible deleterious outcomes.

Given the current and sometimes conflicting data regarding perioperative allogeneic blood
transfusion, as well as a lack of data regarding its effect on gallbladder cancer specifically,
the aim of this study was to assess the association of perioperative packed red blood cell
(pRBC) transfusion with long-term overall and recurrence-free survival among patients with
gallbladder cancer from a large, multi-institutional cohort of patients.

2| MATERIALS AND METHODS

2.1| Study population

All patients with primary gallbladder cancer who underwent surgical resection from
January 1, 2000 to December 31, 2015 at the 10 diverse, high-volume academic

institutions (Emory University, Johns Hopkins University, New York University, The Ohio
State University, Stanford University, University of Louisville, University of Wisconsin,
Vanderbilt University, Wake Forest University, and Washington University in St. Louis)

that form the US Extrahepatic Biliary Malignancy Consortium (US-EBMC) were identified.
Only patients who had curative-intent surgery and information regarding preoperative and
postoperative pRBC transfusion were analyzed. Patients with R2 resections and mortality
within 30 days of surgery were excluded from analysis. Primary and secondary endpoints
were overall survival (OS) and recurrence-free survival (RFS), respectively.

2.2 | Study variables

Retrospective chart review captured baseline demographic, preoperative, operative,
pathologic, and postoperative data. Preoperative comorbidities were defined using the
Charlson Comorbidity Scoring System, and staging was assigned per the American Joint
Committee on Cancer 7th edition guidelines.8 Transfusion data were collected from
operative reports and postoperative medical records. Survival data were also collected and
verified according to the Social Security Death Index, when appropriate; and recurrence
of disease data was determined by review of patient medical records, surveillance imaging
reports, and/or biopsy results. Institutional review board approval was obtained at each
institution prior to data retrieval.

2.3 | Statistical analyses

Descriptive and comparative analyses were used for the entire study cohort. OS was
calculated from the date of operation to the date of death, while RFS was calculated from the
date of operation to the date of recurrence diagnosis. All statistical analyses were conducted
using SPSS version 23.0 (Armonk New York Software, IBM Inc.). Chi-squared analyses

and Fisher’s exact tests were used to compare categorical variables, and Student’s #test was
used for continuous variables. Univariable and multivariable Cox regression analyses were
performed to assess the association of individual pathologic factors and transfusion with OS
and RFS. Kaplan-Meier survival plots were calculated for both OS and RFS, and variables
were compared using log-rank tests. Statistical significance was predefined as £ < 0.05.
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3| RESULTS

3.1| Study population

Of 449 patients with gallbladder cancer, 295 (66%) underwent curative-intent, RO/R1
resection. Thirty-three patients who were missing either preoperative or postoperative
pRBC transfusion data were excluded, leaving 262 patients (58%) available for subsequent
analysis. Baseline demographics and clinicopathologic factors for the entire cohort are
reported in Table 1. Median age was 65 years, 34% (/7= 90) were male, and 73% (n=175)
were white. Mean tumor size was 36.6 mm, and the majority of patients (80%) underwent
radical cholecystectomy (including partial hepatectomy of segments IVb/V) with portal
lymphadenectomy. Average blood loss was 459.7 mL, and 61 patients (23%) underwent
perioperative transfusion with 1 or more units of pRBCs. Transfusion was associated with
preoperative jaundice (22.6% vs 10.7%; P = 0.046), as well as more extensive operative
procedures including: major hepatectomy (13.3% vs 4%; 2= 0.021), common bile duct
resection (50.8% vs 22.8%; £< 0.001), and portal vein resection (4.9% vs 0%; £=0.012).
Transfusion was also associated with increased blood loss (877.4 mL vs 318.7 mL; P<
0.001), more aggressive pathologic factors, such as advanced AJCC T-stage (T3/T4: 60.3%
vs 39.3%; £=0.007), lymphovascular invasion (LV1) (70.6% vs 39.8%; = 0.003), and
perineural invasion (PNI) (71.4% vs 48.2%; P= 0.027), and increased major postoperative
complications (39.2% vs 12.2%; P < 0.001). Patients who were transfused were less

likely to have their disease discovered incidentally during initial cholecystectomy (57.4%
vs 74.0%; P=0.020), and they were also less likely to receive adjuvant chemotherapy
(28.9% vs 48.1%; £=0.035) compared to the non-transfused group. Table 1 summarizes the
differences between patients who were transfused and those who were not.

3.2 | Transfusion and predictors of overall survival

Among the 262 patients with pRBC perioperative transfusion data who underwent survival
analysis, median follow-up was 15 months (IQR 24.1). On univariable Cox regression, the
preoperative factors associated with decreased overall survival were low serum albumin (HR
0.59; 95% C1 0.47-0.75; P< 0.001), elevated INR (HR 2.62; 95% CI 1.13-6.08; A= 0.025),
and presence of jaundice at presentation (HR 2.43; 95% CI 1.50-3.92; P< 0.001). Incidental
discovery of gallbladder cancer during non-oncologic surgery was associated with improved
survival (HR 0.53; 95% CI 0.37-0.76; £=0.001). The use of more invasive operative
procedures, such as major hepatectomy (HR 2.62; 95% CI 1.46-4.70; P=0.001), as well as
postoperative complications (HR 2.99; 95% CI 1.92-4.66; £< 0.001), had an over twofold
increase in risk of death. Pathologic factors such as tumor size (HR 1.02; 95% CI 1.01-1.02;
P<0.001), positive resection margins (HR 4.06; 95% CI 2.68-6.15; £< 0.001), advanced
T-stage (T3/T4: HR 6.98; 95% CI 3.02-16.12; < 0.001), LVI (HR 2.89; 95% CI 1.78-4.69;
P<0.001), PNI (HR 2.97; 95% CI 1.76-5.00), and lymph node positivity (HR 2.28; 95% CI
1.55-3.36; £< 0.001) were all associated with worse survival (Table 2).

The use of perioperative pRBC transfusion was associated with a nearly twofold increase

in risk of death on univariable Cox regression (HR 1.90; 95% CI 1.32-2.73; £=0.001).

On Kaplan-Meier analysis, transfused patients had a lower median OS compared to patients
who were not transfused (20 vs 32 months; £< 0.001; Figure 1). Even when taking into
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account other preoperative and clinicopathologic risk factors associated with worse OS,
transfusion remained independently significant on multivariable Cox regression analysis
(HR 1.90; 95% CI 1.05-3.47; P=0.035; Table 2). When considering the effect of number
of pRBC units given, a worse OS was seen in those patients transfused with 2 or more units
of pRBCs (HR 2.25; 95% CI 1.45-3.48; P< 0.001). However, this finding did not persist in
a multivariable model. Similarly, timing of transfusion (intraoperative vs postoperative) was
also not found to be independently associated with decreased survival.

Transfusion and predictors of recurrence-free survival

On analysis of RFS, perioperative and clinicopathologic factors found to be associated with
increased risk of disease recurrence included preoperative comorbidities (HR 2.01; 95%

Cl 1.16-3.46; P=0.012), elevated INR (HR 3.38; 95% CI 1.25-9.18; A= 0.017), need

for major hepatectomy (HR 2.25; 95% CI 1.02-4.98; £ = 0.044), increased tumor size

(HR 1.01; 95% CI 1.00-1.02; £=0.016), positive resection margins (HR 3.08; 95% ClI
1.70-5.58; P< 0.001), advanced T-stage (T3/T4: HR 8.11; 95% CI 2.50-26.30; £< 0.001),
LVI (HR 3.85; 95% ClI 2.02-7.33; £< 0.001), PNI (HR 2.61; 95% CI 1.42-4.81; P=
0.002), and lymph node positivity (HR 2.26; 95% CI 1.37-3.72; £=0.001) (Table 3). Major
postoperative complications were also associated with worse RFS on univariable analysis.

Unlike OS, perioperative transfusion was not found to be directly associated with worse
RFS on univariable Cox regression (HR 1.52; 95% CI 0.90-2.57; 0.116). However, there
was a trend toward decreased median RFS on Kaplan-Meier analysis for transfused
versus not-transfused patients (13 vs 49 months; = 0.114; Figure 2). When applying a
similar multivariable Cox regression model to RFS, perioperative transfusion was found
to be independently associated with worse RFS, even when accounting for other adverse
clinicopathologic factors (HR 2.32; 95% CI 1.06-5.08; £ = 0.035) (Table 3).

DISCUSSION

Although gallbladder cancer is a known aggressive disease with a grave prognosis, little

is understood about the role that pRBC transfusion plays in influencing its outcomes. The
current study is the first to date to evaluate the relationship between perioperative allogeneic
pRBC transfusion and survival/recurrence data among patients with curative-intent resection
for gallbladder cancer. Indeed, our findings suggest that while transfusion is associated with
multiple markers of advanced disease and increased major postoperative complications, its
negative prognostic influence on OS persists, even when accounting for such factors as
jaundice, positive margins, advanced T-stage, positive lymph nodes, and major postoperative
complications on multivariable analysis. Perioperative pRBC transfusion was not associated
with worse RFS on univariable analysis; however, it was associated with decreased RFS

on multivariable analysis even when accounting for other clinicopathologic variables.

These findings support current data regarding the deleterious association between pRBC
transfusion and outcomes in cancer patients.1314.18-20.22-24

Gallbladder cancer is often discovered in an advanced stage, which contributes to both its
poor prognosis and the need for a substantial resection as part of its management.12:25-27
With an overall 5-year survival rate of less than 5% for patients diagnosed with gallbladder
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cancer, multiple prognostic factors have been implicated in the poor outcomes observed in
patients who undergo resection.28 Two key factors are T-stage and positive lymph nodes,
as studies have shown that with increasing T-stage, there is a marked rise in the rate of
lymph node positivity among gallbladder cancers (15.7% in stage T1b, 46% in stage T2,
and 75% in stage T3).27-30 Indeed, our multi-institutional study corroborates such findings,
as advanced T-stage (T3/T4 tumors) and lymph node positivity were both found to be
associated with worse OS and RFS on Cox regression analysis among our cohort of patients.
Several studies have also revealed tumor grade, LVI, and PNI to be associated with poor
prognosis.39-33 These findings were similarly supported by the results of the current study,
which demonstrated a correlation of these factors with decreased OS and RFS. Evidence
of biliary tract disease, such as jaundice, is another known poor prognostic factor.28:34 In

a study by Oertli et al, 18 patients with gallbladder cancer who presented with jaundice
had a 0% resectability rate.3# Our study found jaundice to be a negative prognostic factor
as well, as it was associated with an over twofold increase in risk of mortality (< 0.001)
on univariable analysis for OS. However, this finding did not persist in our multivariable
model. Lastly, one positive prognostic indicator that is noted both in the literature and

in this study is the incidental discovery of a patient’s gallbladder cancer during routine
cholecystectomy.28:3% Per Gourgiotis et al, incidentally diagnosed gallbladder cancers have
a 5-year median survival of 26.5 months compared to only 9.2 months for all suspected
gallbladder cancer.28 Ethun et al had analogous findings, also showing a higher median OS
for incidental versus non-incidental gallbladder cancer (32 vs 17 months; £< 0.001).36 In
this study, an incidental diagnosis was similarly associated with improved survival.

Although various clinical and pathologic factors have been implicated in poor prognosis

in gallbladder cancer, the variable of particular interest in this study was the relationship
between perioperative pRBC transfusion with OS and RFS. The mechanism postulated to
account for the negative association between transfusion and oncologic outcomes is that
transfusion may be linked to the expression and activity of cytokines, the Fas ligand,

and HLA class | antigens.37:38 The subsequent alteration in the immune response may
predispose patients toward increased tumor recurrence and decreased survival, though
further research is necessary to better understand and confirm this theory.18 Although
unclear in the exact mechanism, the association between perioperative transfusion and
worse oncologic outcomes has been established in many malignancies, including gastric,
pancreatic, lung, liver, adrenal, and colorectal cancers.13:14.16.18-20.22.23 However, results
have been conflicting depending on the cancer considered. For example, in a study by
Postlewait et al which examined the effect of transfusion on metastatic colorectal cancer,
although a negative relationship between transfusion and major postoperative complications
was established, transfusion was not found to be independently associated with worse
disease-specific survival.18 When researching the relationship between transfusion and
adrenal cancer, on the other hand, Poorman et al found that transfusion was associated with
both a decreased median OS (22.8 vs 91 months; £< 0.001) and RFS(8.9 vs24.7 months;
P=0.006).20 Likewise, a study of gastric cancer by Squires et al had similar results, also
noting a decrease in OS (18.6 vs 49.8 months; £< 0.001) and RFS (13.5 vs 37.2 months; P<
0.001) among patients who were transfused.14 The current study supports findings reported
by both Poorman et al and Squires et al, as it demonstrates that perioperative transfusion,
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after resection of gallbladder cancer, is independently associated with worse OS (HR 1.90; P
=0.035) and RFS (HR 2.32; £=0.035) on multivariable analyses.

Although transfusion protocols for hepatobiliary surgery do not yet exist, many academic
centers encourage their surgeons to follow the findings of the TRICC trial from 1999

when considering transfusing patients. This multicenter, randomized, controlled clinical
trial showed that a restrictive strategy of red-cell transfusion for hemoglobin <7.0 g per
deciliter was at least as effective as, and possibly superior to, a liberal transfusion strategy
in critically ill patients.3? As a result, many surgeons, including most surgeons from

our multi-institutional collaboration, now use a threshold of 7 g/dL for deciding when

to transfuse. However, the TRICC trial was based exclusively on subjects treated in the
intensive care unit, and hence is limited in its applicability to the ever-changing environment
of the operating room. To address this, the Transfusion Requirements in Cardiac Surgery |11
(TRICS I11) trial is currently underway to establish the right balance for blood transfusion
among cardiac surgical patients. There remain no trials to date evaluating transfusion

in surgical cancer patients; thus, while retrospective studies suggest that a restrictive
transfusion strategy of 7-8 g/dL does not impact mortality compared to a liberal strategy,
there is insufficient data to conclusively inform cancer-specific transfusion policies.*0

This study is limited by its retrospective design, which precludes the ability to establish

a causal relationship between perioperative blood transfusion and survival or disease
recurrence, and instead necessitates an interpretation of results to identify associations
between transfusion and measured outcomes. Moreover, while transfusion data was available
for each patient, specific hemoglobin levels, whether intra- or post-operative, were not
collected at the time of collaboration. The RFS analysis was also limited by the availability
of recurrence data, and given the current lack of standardized transfusion protocols,

the decision to transfuse is surgeon-dependent and determined on a case-by-case basis.
This may lead to a selection bias, as patients with worse disease may be favored for

liberal transfusion. Nonetheless, this is the first study to date that examines outcomes for
transfusion in gallbladder cancer specifically, and its multi-institutional design with data
from 10 geographically diverse academic centers enables its results to be generalizable on a
national scale.

5| CONCLUSIONS

In conclusion, allogeneic red blood cell transfusion is independently associated with
decreased OS and RFS in patients undergoing curative-intent resection of primary
gallbladder cancer, even after taking into account other adverse clinicopathologic factors.
The role of timing and number of transfused units, however, remains unclear, with no
independent association with survival determined in this study. Nonetheless, due to the
already poor prognosis of gallbladder cancer, judicious perioperative use of red blood cell
products and the creation and implementation of transfusion protocols is warranted and
necessary.
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FIGURE 1.

Kaplan-Meier survival analysis for overall survival among transfusion versus no transfusion
groups. There is a statistically significant difference in overall survival (OS) between
patients who were transfused (7= 61) and patients who were not transfused (/7= 201), where
those who were transfused had a median survival of 20 months compared to 32 months for

those were not transfused (P < 0.001)
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FIGURE 2.

Kaplan-Meier survival analysis for recurrence-free survival among transfusion versus no
transfusion groups. Although there is a trend of worse recurrence-free survival (RFS) among
patients who were transfused (/7= 37) compared to patients who were not transfused (7=
158), this association is not statistically significant, with a ~value of 0.1
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