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Abstract

Background: Potential disadvantages of blood transfusion during curative gastrectomy for gastric cancer
have been reported, and the role of peri-operative transfusions remains to be ascertained. Thus, the aim of our
study was to survey its impact in patients with gastric cancer undergoinging gastrectomy. Materials and Methods:
Clinical data of patients receiving curative gastrectomy at Far Eastern Memorial Hospital were obtained.
Findings for pre-operative anemia states, pre-, peri- and post-operative transfusion of red blood cell (RBC)
products as well as post-operative complication events were collected for univariate analysis. Results: A total
of 116 patients with gastric cancer received gastrectomy at Far Eastern Memorial Hospital from 2011 to 2014.
Both pre-operative and intra- and post-operative transfusion of RBC products were markedly associated with
post-operative infectious events (OR: 3.70,95% CI: 1.43-9.58, P=0.002; OR: 8.20,95% CI: 3.11-22.62, P<0.001,
respectively). In addition, peri- and post-operative RBC transfusion was significantly associated with prolonged
hospital stay from admission to discharge (OR: 8.66, 95% CI: 1.73-83.00, P=0.002) and post-operative acute
renal failure (OR: 19.69,95% CI: 2.66-854.56, P<0.001). Also, the overall survival was seemingly decreased by
peri-operative RBC transfusion in our gastric cancer cases (P=0.078). Conclusions: Our survey indicated that
peri-operative RBC transfusion could increase the risk of infectious events and acute renal failure post curative
gastrectomy as well as worsen the overall survival in gastric cancer cases. Hence, unnecessary blood transfusion
before, during and after curative gastrectomy should be avoided in patients with gastric cancer.
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Introduction

It was known that tumor resection was often inevitably
accompanied with a vast amount of blood loss and
required subsequent blood transfusion therapy. Besides,
cancer-related anemia commonly occurred in patients with
malignancies in the gastrointestinal tract (Ye et al., 2015).
Therefore, blood transfusion therapy was frequently
required for the correction of low hemoglobin (Hb) level
as pre-operative anemia was well known to be associated
with poor outcomes of the patients (Tsai et al., 2015).

However, it has been reported that blood transfusion
in patients with cancer could be detrimental (Gantt et
al., 1981). Recent studies also indicated that allogeneic
blood transfusion could potentially be an adverse
prognostic indicator leading to increased post-operative

cancer recurrence and reduced survival episodes (Ojima
et al., 2009; Squires et al., 2015; Sun et al., 2015; Yang
et al., 2015). In contrast, other studies revealed that
peri-operative transfusion had limited influence on post-
operative pulmonary infection and long-term mortality
in patients with gastric cancer after gastrectomy (Rausei
et al., 2013; Zhou et al., 2014; Xiao et al., 2014).
Though accumulating evidence revealed the potential
disadvantages of blood transfusion during gastrectomy
in such cases of malignancy, the role of peri-operative
blood transfusion in gastric cancer remained to be
controversial.

Therefore, we conducted a retrospective study to
survey the influence of blood transfusion on patients with
gastric cancer receiving gastrectomy as well as the post-
operative complications and mortality in Taiwan.
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Materials and Methods

From January 2011 to December 2014, adult patients
(more than 20 years old) who were diagnosed as gastric
cancer, including gastric adenocarcinoma, malignant
gastrointestinal stromal tumor (GIST) and other gastric
malignancies proven by histopathological verification, and
subsequently received therapeutic resection at Far Eastern
Memorial Hospital, were enrolled in the investigation.
The clinical data were also requested via the electronic
medical chart view, including patient age, gender, peri-
operative anemia states, usage of allogeneic transfusion
of red blood cell (RBC) products, estimated blood loss
(EBL) during operation, the length of hospital stay (LHS)
from admission to discharge and operation to discharge,
complication events post operation and the mortality rate
at 6-month- and 1-year-interval. To evaluate peri-operative
anemia states, the Hb level upon admission and before
operation as well as the nadir Hb level post operation and
the final Hb level before discharge were obtained. Post-
operative infectious events with clinical symptoms and
microbiological evidence, respiratory events (including
lung edema, pleural effusion and respiratory failure),
renal events (such as acute renal failure), cardiac events
(such as acute myocardial infarction), bleeding events,
thromboembolic events (including deep vein thrombosis,
pulmonary embolism and cerebrovascular events) were
considered as the complication events post operation.

Statistical analysis was performed using SPSS (version
19.0; SPSS Inc., Chicago, USA) statistical software. All
data were expressed as mean+standard deviation (SD)
or median (interquartile range; IQR). The unconditional
logistic regression model was used for calculating the
odds ratio (OR) in assessing the relationship of pre-
operative anemia, pre-, intra-, and post-operative RBC
transfusion to the outcome (including the LHS from
admission to discharge and operation to discharge, as
well as complication events such as infectious events and
acute renal failure), with the estimation of 95% confidence
interval (CI). The Kaplan-Meier survival analysis was also
performed with log-rank test. A P value less than 0.05 was
considered statistically significant.

Results

A total of 116 patients being diagnosed as gastric cancer
with histopathological verification and receiving curative
gastrectomy were available at Far Eastern Memorial
Hospital from 2011 to 2014, and the demographic
characteristics of these patients were listed in Table
1. Among these, 98 were adenocarcinoma, 15 were
malignant GIST and 3 belonged to other types of gastric
malignancies (including 2 cases of gastric lymphoma and
1 case of neuroendocrine gastric carcinoma). Also, 60
were in early stage (stage I/I) and 56 were in later stage
(stage III). The Hb level upon admission, pre-operative
Hb level, post-operative nadir Hb level, and final Hb
level before discharge were 11.2+2.9,11.7+2.2,10.3£1.9
and 11.1+1.7 g/dL, respectively. All the median units of
RBC products transfused in pre-operative, peri-operative
and post-operative periods with IQR were 0 with O to 2
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units. The median EBL was 100 mL with IQR of 50 to
200 mL. The LHS from admission to discharge and from
operation to discharge were 16 and 13 days with IQR of
12 to 25 and 9 to 19 days, respectively. Additionally, the
most common complication event post operation was the
infectious event (n=38, 32.8%), followed by respiratory
(n=21, 18.1%), renal (n=13, 11.2%) and bleeding events
(n=3,2.6%), respectively. The overall 6-month and 1-year
mortality rates of patients with gastric cancer receiving
gastrectomy were 3.4% and 6.9%, respectively.

Univariate analysis for pre-operative anemia states
and RBC transfusion in assessing the outcomes of
patients with gastric cancer receiving gastrectomy were
shown in Table 2. Pre-operative RBC transfusion seemed
to be associated with post-operative infectious events
(OR: 2.26,95% CI: 0.87-5.79, P=0.061) and acute renal
failure (OR: 2.82, 95% CI: 0.70-10.78, P=0.078), but
with no statistical significance. Both pre-operative and
intra- and post-operative transfusion of RBC products
were markedly related to post-operative infectious events
(OR: 3.70,95% CI: 1.43-9.58, P=0.002; OR: 8.20, 95%
CI: 3.11-22.62, P<0.001, respectively). Additionally,
intra- and post-operative transfusion of RBC products
was significantly associated with prolonged LHS from
admission to discharge (OR: 8.66, 95% CI: 1.73-83.00,
P=0.002) and post-operative acute renal failure (OR:
19.69, 95% CI: 2.66-854.56, P<0.001).

Table 1. Demographic characteristics in patients with
gastric cancer receiving gastrectomy

Variables
Age (year) 58 (60-78)
Gender (Male/Female) 72/44
Gastric cancer (n)
Adenocarcinoma 98
Malignant GIST 15
Other malignancies 3
Stage (n)
/I 60
I 56
Hb level (g/dL)
Admission 11.2+2.9
Pre-OP 11.7£22
Nadir 10.3+1.9
Discharge 11.1+£1.7
RBC product used (unit)
Pre-OP 0(0-2)
Peri-OP 0(0-2)
Post-OP 0(0-2)
EBL (mL) 100 (50-200)
LHS from admission to discharge (day) 16 (12-25)
LHS from OP to discharge (day) 13 (9-19)
Complication events (n)
Infectious 38
Respiratory 21
Renal 13
Bleeding 3
Mortality rate (%)
6-month 34
1-year 6.9

Hb, hemoglobin; OP, operation; EBL, estimated blood loss; LHS, length
of hospital stay.
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Table 2. Univariate Analysis of Peri-Operative Anemia States and RBC Transfusion in Predicting the Outcomes
of Patients with Gastric Cancer Receiving Gastrectomy

LHS from admission to discharge (day)

>30 <30 Crude OR (95% CI) P value
Pre-OP Hb level (g/dL)
<10 4 26 1.32(0.27-5.21) 0.669
=10 9 77
Pre-OP transfusion
Transfused 5 26 1.85(0.43-7.07) 0312
Not transfused 8 77
Intra-and post-OP transfusion
Transfused 11 40 8.66 (1.73-83.00) 0.002
Not transfused 2 63
Infectious events
With Without Crude OR (95% CI) P value
Pre-OP Hb level (g/dL)
<10 14 16 2.26 (0.87-5.79) 0.061
=10 24 62
Pre-OP transfusion
Transfused 17 14 3.70 (1.43-9.58) 0.002
Not transfused 21 64
Intra-and post-OP transfusion
Transfused 29 22 8.20 (3.11-22.62) <0.001
Not transfused 9 56
Acute renal failure
With Without Crude OR (95% CI) P value
Pre-OP Hb level (g/dL)
<10 6 24 2.82 (0.70-10.78) 0.078
=10 7 79
Pre-OP transfusion
Transfused 3 28 0.80 (0.13-3.44) 0.754
Not transfused 10 75
Intra-and post-OP transfusion
Transfused 12 39 19.69 (2.66-854.56) <0.001
Not transfused 1 64
BC, red blood cell; Hb, hemoglobin; OP, operation; LHS, length of hospital stay; OR, odds ratio; CI, confidence interval.
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Figure 1. Kaplan-Meier survival analysis on patients with gastric cancer receiving gasrtectomy with and without
intra-operative blood transfusion (A) as well as with and without post-operative blood transfusion (B)

Figure 1 revealed the overall survival rate of patients
with gastric cancer receiving gastrectomy with 1-year-
period follow-up. Intra-operative RBC transfusion seemed
to be associated with higher mortality than those without
in gastric cancer, but with no statistical significance
(P=0.078, Figure 1A). Besides, there was no remarkable
difference between the groups with and without post-
operative RBC transfusion (P=0.869, Figure 1B).
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Discussion

Our main finding revealed that RBC transfusion before,
during and after surgery significantly increased the risk of
post-operative infectious events in patients with gastric
cancer receiving gastrectomy. Besides, intra- and post-
operative RBC transfusion was remarkably associated
with prolonged LHS from admission to discharge and
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post-operative acute renal failure. Furthermore, the risk
of post-operative infectious events and acute renal failure
was seemingly to be increased by RBC transfusion
before gastrectomy, and the post-operative mortality was
seemingly to be enhanced by RBC transfusion during
gastrectomy.

It was highly prevalent that chronic anemia states
were observed in patients with malignancies. The cancer-
related anemia was usually multi-factorial and could be
contributed to chronic blood loss, malnutrition, immune
response, as well as metabolite homeostasis (Maccio et
al., 2015). According to literature review, pre-operative
anemia states in malignancies were associated with
increased morbidity and mortality (Yu et al., 2011;
Gierth et al., 2015). Theoretically, it was essential that
pre-operative rectification of anemic condition in patients
who would undergo surgical management. However, it
had been controversial that whether allogeneic blood
transfusion before, during and after surgery affected disease
progression and patient outcomes. Indeed, accumulating
evidence proved that excess blood transfusion during
surgery might not improve but even aggravated the
prognosis and increased post-operative complications,
especially in curative surgery for malignancies (Meng
et al., 2013; Aquina et al., 2015; Diaz-Cambronero et
al., 2015; Li et al., 2015; Prescott et al., 2015). Hence,
oncologic surgeries without blood transfusion were
developed without increased post-operative complications
by means of replacement fluid administration, autologous
blood infusion, parenteral iron supplement and the use
of erythropoietic-stimulating agents (Lee et al., 2014;
Borstlap et al., 2015; Diaz-Cambronero et al., 2015;
Inoue et al., 2015). Recently, it was reported that such
novel methods for blood preservation could be practical
in oncologic surgeries, particularly for the selected
populations such as patients with uncommon blood types
or multiple RBC allo-antibodies, as well as Jehovah’s
Witnesses. There was, nevertheless, no sufficient evidence
to prove that some of these blood preservation methods
could benefit the outcomes of patients with malignancies
(Devon et al., 2009; Kang et al., 2012). Further research
was required in evaluating the safety of transfusion-
free cancer management as well as the efficacy of other
transfusion alternatives (Oh et al., 2010).

The main limitations of our study included the
limited case number with the retrospective study design.
Besides, the monitor interval could be inadequate for the
observation of disease evolution such as cancer recurrence
or metastasis, complication events and long-term mortality
post operation, suggesting bias to a certain extent. Multi-
center prospective research for assessing the effect of
blood transfusion during curative surgery on the prognosis
of gastric cancer might be considered.

In conclusion, our study indicated that pre-, peri- and
post-operative RBC transfusion significantly increased the
risk of infection events post surgery in patients with gastric
cancer receiving gastrectomy. Additionally, peri- and
post-operative RBC transfusion significantly prolonged
LHS from admission to discharge and increased the risk
of post-operative infectious events and acute renal failure.
Also, the overall survival was seemingly to be decreased
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by peri-operative RBC transfusion in gastric cancer. Our
survey indicated that peri-operative RBC transfusion could
have an adverse effect on patients who had gastric cancer
and received gastrectomy. Hence, unnecessary blood
transfusion before, during and after curative gastrectomy
should be avoided in gastric cancer.
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