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Background.The impact of perioperative blood transfusion on the prognosis of gastric adenocarcinomapatients is still controversial.
The aim of this study was to elucidate the impact of perioperative blood transfusion on postoperative complications and prognosis
of patients who underwent gastrectomy for gastric adenocarcinomawith different levels of preoperative hemoglobin value (POHb).
Method. From 2003 to 2011, 1199 patients who underwent curative gastrectomy were retrospectively enrolled and followed up
to December 2014. Clinicopathological features and survival outcomes were compared between transfused and nontransfused
patients. Results. In this study, transfused patients had more postoperative complications than nontransfused ones (𝑃 = 0.002).
In survival analysis, the difference was not significant between transfused and nontransfused patients with POHb between 70 and
100 g/L (𝑃 = 0.191). However, in patients with POHb >100 g/L, transfused patients had significantly worse prognosis (𝑃 < 0.001),
especially in TNM III stage patients (𝑃 = 0.002). And intraoperative blood transfusion predicted poor prognosis (𝑃 = 0.001).
Conclusion. Perioperative blood transfusion might lead to poor survival in gastric adenocarcinoma patients with POHb >100 g/L
and transfused patients had more postoperative complications; thus it is better to refrain from unnecessary perioperative blood
transfusion especially intraoperative transfusion.

1. Introduction

Gastric adenocarcinoma (GAC) is one of the most common
malignant cancers in the world [1]. Surgery is considered to
be the main treatment for GAC. Patients with cancers were
prone to have anemia, and radical resection with extended
lymphadenectomy might cause much blood loss during
surgery; thus patients with low hemoglobin (Hb) valuemight
receive perioperative blood transfusion.

Whether perioperative blood transfusion impacted on
the prognosis of patients with cancer was still under debate.
Some studies reported that blood transfusion was related to

poor prognosis of patients with colorectal cancer, renal
cell carcinoma, lung cancer, and breast cancer [2–6]. The
possible reason might be that blood transfusion could cause
immunomodulation, which decreased the activities of natu-
ral killer cells and increased the activities of regulatory T cells
[7]. However, other studies held the opposite opinion, indi-
cating that blood transfusion did not affect patient’s outcomes
[8, 9].

With respect to gastric adenocarcinoma, several re-
searches had been carried out in order to find out the
relationship among perioperative blood transfusion, postop-
erative complications, and prognosis, but it still remained
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controversial. Although some reports did not support the fact
that blood transfusion was related to poor prognosis, others
claimed that it did exist [10–14]. Some reports showed that
transfused patients had more postoperative complications
[13, 15].

In China, according to the clinical guideline of blood
transfusion, patients with POHb lower than 70 g/L should be
transfused, and there is no need of transfusion for patients
with POHb >100 g/L [16]. However, there were few studies
discussing prognosis of perioperative transfused patients
with cancer grouped by different POHb. In our study, we
divided the patients into different groups according to their
POHb and tried to find out the relationship among blood
transfusion, postoperative complications, and survival of
patients in these different groups.

2. Methods

TheWest ChinaHospital research ethics committee approved
retrospective analysis of anonymous data. Signed patient
informed consent was waived per the committee approval,
because it was a retrospective analysis.

2.1. Patients. From January 2003 to April 2011, 1199 patients
who underwent curative gastrectomy with R0 resection for
gastric adenocarcinoma at Department of Gastrointestinal
Surgery, West China Hospital, Sichuan University, were
enrolled in our study. Patientswith distantmetastases, neoad-
juvant chemoradiotherapy, previous neoplastic diseases, and
hematological pathologies were excluded from our study.
We divided patients into three groups according to their
POHb value: Group 1: patients with POHb ≤70 g/L; Group
2: patients with POHb between 70 and 100 g/L; Group 3:
patients with POHb >100 g/L. In Group 2 and Group 3,
patients were divided into two subgroups according to
whether they had perioperative blood transfusion. And all
the patients in Group 1 had received blood transfusion.
The clinicopathological features such as tumor size, tumor
location, differentiation grade, and pathological TNM stage
were recorded according to Japanese classification of gastric
carcinoma by JGCA [17]. Other variables including operation
time, intraoperative blood loss, and postoperative compli-
cations were also analyzed. Clinicopathological features and
overall survival rates were compared among these groups.

2.2. Surgical Treatment. Gastrectomy plus lymphadenectomy
was the mainstay treatment for patients with gastric ade-
nocarcinoma. Patients with early gastric adenocarcinoma
underwentD1/D1+, while patients with advanced gastric ade-
nocarcinoma underwent D2/D2+ lymphadenectomy. All the
operations were performed by expertise of surgeons special-
ized in gastrointestinal surgery according to Japanese Gastric
Cancer Treatment Guidelines [18].

2.3. Perioperative Blood Transfusions. Perioperative blood
transfusion was defined as either whole blood or packed
red blood cells administered within 14 days before surgery,
during surgery, or 14 days after surgery [14]. Usually, POHb ≤
70 g/L and significant intraoperative blood loss were general

indications for blood transfusion. The amount and time of
perioperative blood transfusion were recorded.

2.4. Follow-Up. Regular outpatient visit was the first choice
for follow-up, while telephones and mails were adopted
as two main supplementary follow-up methods. Follow-up
information was updated until December 2014. The main
reasons for the loss of follow-up were the changes of phone
number or home address and refusal of reexamination in our
hospital.

2.5. Statistical Analysis. All the statistical analyses were
performed with the statistical software SPSS 19.0 (SPSS,
Chicago, Illinois, USA). All continuous values were presented
as mean ± standard deviation (SD). Unordered categorical
variable and ranked data were analyzed through chi-square
test and rank sum test, respectively. Student’s 𝑡-test was used
to analyze continuous data if variance was homogeneity and
distribution was normal. If not, rank sum test was used.
Multivariate logistic regression analysis was performed to
identify risk factors for need of perioperative blood transfu-
sion. Survival curves were computed using Kaplan-Meier and
compared bymeans of log-rank test.Multivariate analysiswas
performed by Cox regression test to find out independent
prognostic factors. 𝑃 value < 0.05 was considered statistically
significant.

3. Results

3.1. Demography of Patients. In this study, 1199 patients with
different POHb were included, with 345 (28.8%) patients
receiving perioperative blood transfusion and 854 (71.2%)
receiving no transfusion. 54 (4.5%) patients were in POHb ≤
70 g/L group while 257 (21.4%) ones were in POHb between
70 and 100 g/L group and 888 (74.1%) patients in POHb
>100 g/L group. Among transfused patients, 177 (51.3%)
patients received less than 2 units (200mL/unit) of blood
transfusion, 94 (27.2%) patients received 2–4 units, and
74 (21.5%) received more than 4 units. Ninety-six (27.8%)
patients underwent preoperative transfusion; 210 (60.9%)
ones underwent intraoperative transfusion while 39 (11.3%)
patients underwent postoperative transfusion.

Comparisons of clinicopathological features between
transfused and nontransfused patients were shown in Table 1.
Of all the patients, transfused ones had significantly more
combined organ resections (𝑃 < 0.001), more patients with
open surgery (𝑃 < 0.001), and more intraoperative blood
loss (𝑃 < 0.001). Postoperative complications seemed to
occur more frequently in transfused patients (𝑃 = 0.002)
especially pulmonary infection (transfused 18.8% versus non-
transfused 13.7%). Table 2 showed the comparison between
transfused and nontransfused patients in POHb between 70
and 100 g/L or POHb >100 g/L groups. Clinicopathological
characteristics were similar with regard to sex, TNM stage,
differentiation grade, macroscopic type, and tumor size in
transfused and nontransfused subgroups of patients with
POHb between 70 and 100 g/L (all 𝑃 > 0.05). However, in the
patients with POHb >100 g/L group, transfused patients had
more advanced TNM stage (𝑃 < 0.001), larger tumor size
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Table 1: Comparison of clinicopathological features of all transfused and nontransfused patients.

Categories Transfused Nontransfused
𝑃 value

𝑛 = 345 (%) 𝑛 = 854 (%)
Age Mean ± SD 58.4 ± 11.7 55.9 ± 11.5 0.001

Gender Male 244 (70.7) 605 (70.8) 0.967
Female 101 (29.3) 245 (29.2)

Combined organ resection Yes 41 (11.9) 31 (3.6)
<0.001

No 304 (88.1) 823 (96.4)

Type of gastrectomy
DG 193 (55.9) 519 (60.8)

0.055TG 86 (24.9) 160 (18.7)
PG 66 (19.2) 175 (20.5)

Operation approach Open surgery 325 (94.2) 725 (84.9)
<0.001

Laparoscopic assisted 20 (5.8) 129 (15.1)

Concomitant diseases Yes 182 (52.8) 403 (47.2) 0.081
No 163 (47.2) 451 (52.8)

Longitudinal location

U 72 (20.9) 221 (25.9)

0.004M 63 (18.3) 102 (11.9)
L 202 (58.6) 523 (61.2)

Whole 8 (2.2) 8 (1.0)

Differentiation grade Well/moderate 48 (13.9) 171 (20.0) 0.013
Poor/undifferentiated 297 (86.1) 683 (80.0)

Macroscopic type Types 0–2 210 (60.9) 569 (66.6) 0.058
Types 3–4 135 (39.1) 285 (33.4)

Tumor size (cm)
Mean ± SD 5.7 ± 2.6 4.6 ± 2.5 <0.001
≤4.5 120 (34.8) 461 (54.0)

<0.001
>4.5 225 (65.2) 393 (46.0)

T stage

T1 28 (8.1) 192 (22.5)

<0.001T2 37 (10.7) 121 (14.2)
T3 14 (4.1) 44 (5.2)
T4 266 (77.1) 497 (58.1)

N stage

N0 84 (24.3) 319 (37.4)

<0.001
N1 69 (20.0) 154 (18.0)
N2 66 (19.1) 168 (19.7)
N3a 90 (26.1) 157 (18.4)
N3b 37 (10.5) 56 (6.5)

TNM stage I/II 108 (31.3) 410 (48.0)
<0.001

III 237 (68.7) 444 (52.0)
Operation time (min) Mean ± SD 241.0 ± 61.9 232.8 ± 49.9 0.169
Intraoperative blood loss (mL) Mean ± SD 528.7 ± 282.2 414.2 ± 194.3 <0.001

Postoperative complications

Stomach without tension 2 (0.6) 19 (2.2)

0.002

Wound infection 7 (2.0) 10 (1.2)
Anastomotic leakage 8 (2.3) 6 (0.7)

Bleeding 9 (2.6) 3 (0.4)
Pulmonary infection 65 (18.8) 117 (13.7)

Others 14 (4.1) 16 (1.9)
Total patients 82 (23.8) 152 (17.8)

Postoperative hospital stay Mean ± SD 12.4 ± 10.6 11.7 ± 9.8 0.261
SD: standard deviation, DG: distal gastrectomy, TG: total gastrectomy, PG: proximal gastrectomy, U: upper, M: middle, and L: lower.
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Table 3: Multivariate analysis of risk factors for blood transfusion in patients with POHb between 70 and 100 g/L.

Parameter estimate SE Adjusted OR 95% CI 𝑃 value
Age 0.073
Gender 0.097
Macroscopic type 0.256
Differentiation grade 0.786
Tumor size 0.302
TNM 0.438
Intraoperative blood loss −0.002 0.001 0.998 0.997–0.999 0.002
Combined organ resection 2.540 1.047 12.674 1.629–98.640 0.015
Adjusted OR estimated by the Cox model.
95% CI: 95% confidence interval, OR: odd ratio, and SE: standard error.

Table 4: Multivariate analysis of risk factors for blood transfusion in patients with POHb >100 g/L.

Parameter estimate SE Adjusted OR 95% CI 𝑃 value
Age 0.799 0.322 2.224 1.184–4.178 0.013
Gender 0.481
Macroscopic type 0.829
Differentiation grade 0.113
Tumor size 0.957
Type of gastrectomy 0.402
TNM stage −1.028 0.367 0.358 0.174–0.734 0.005
Longitudinal location 0.867
Intraoperative blood loss −0.003 0.001 0.997 0.995–0.998 <0.001
Combined organ resection 1.105 0.518 3.019 1.094–8.333 0.033
Adjusted OR estimated by the Cox model.
95% CI: 95% confidence interval, OR: odd ratio, and SE: standard error.

(𝑃 = 0.009), more poor differentiated grade (𝑃 = 0.010), and
more postoperative complications (𝑃 = 0.027).

3.2. Risk Factors for Blood Transfusion. To identify risk fac-
tors for blood transfusion, univariate and multivariate analy-
ses were performed in each group, respectively.The results of
multivariate analysis of different groups were shown in Tables
3 and 4. In logistic regression analysis, risk factors for blood
transfusion in patients with POHb between 70 and 100 g/L
were significantly associated with intraoperative blood loss
(𝑃 = 0.002) and combined organ resection (𝑃 = 0.015).
However, risk factors for blood transfusion in patients with
POHb >100 g/L were associated with age (𝑃 = 0.013), com-
bined organ resection (𝑃 = 0.033), TNM stage (𝑃 = 0.005),
and intraoperative blood loss (𝑃 < 0.001).

3.3. Survival Analyses. Finally, 999 patients (83.3%) were
followed up and included in survival analysis. The median
survival time of transfused and nontransfused groupwas 46.3
(0.07–141.9) months and 111.5 (0–141.9) months, respectively.
Three-year survival rates were 51% and 61% in transfused and
nontransfused patients with POHb between 70 and 100 g/L,
respectively. In transfused and nontransfused patients with
POHb >100 g/L, the 3-year survival rates were 44% and 65%,
respectively. In univariate analysis, age (𝑃 = 0.001), type of
gastrectomy (𝑃 < 0.001), combined organ resections (𝑃 =
0.003), longitudinal location (𝑃 < 0.001), differentiation

grade (𝑃 = 0.009), macroscopic type (𝑃 < 0.001), tumor
size (𝑃 < 0.001), pT stage (𝑃 < 0.001), pN stage (𝑃 <
0.001), pTNM stage (𝑃 < 0.001), and perioperative blood
transfusion (𝑃 < 0.001) were associated with overall survival
in all patients with gastrectomy in our study (Table 5). The
multivariate analysis revealed that age (𝑃 = 0.005), tumor
size (𝑃 < 0.001), and TNM stage (𝑃 < 0.001) were indepen-
dent prognostic factors in gastric adenocarcinoma patients
(Table 5).

3.4. Subgroup Analyses. Of all patients, Kaplan-Meier curve
showed that transfused patients had significantly worse prog-
nosis than nontransfused patients (Figure 1(a), 𝑃 < 0.001).
Nontransfused patients with POHb >100 g/L had better
survival outcomes among the subgroups we divided in this
study (Figure 1(b), 𝑃 = 0.001). When comparing prognosis
between transfused and nontransfused patients in POHb
between 70 and 100 g/L and POHb >100 g/L groups, respec-
tively, we found out that there was no significant difference
in prognosis between transfused and nontransfused ones in
POHb between 70 and 100 g/L group (𝑃 = 0.191, Figure 1(c)).
However, in POHb >100 g/L group, the survival was signif-
icantly better in the nontransfused group than transfused
group (𝑃 < 0.001, Figure 1(d)). We further divided patients
according to their TNM stage (I/II stage; III stage) in POHb
>100 g/L subgroup, and constituent ratios of differentiation
grade, macroscopic type, and tumor size between these two
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Table 5: Univariate and multivariate Cox analysis for prognostic factors.

Risk factors Categories 3-year overall survival rate (%) Univariate analysis 𝑃 value Multivariate analysis
𝑃 value OR 95% CI

Age (years) ≤60 64 0.001 0.005 1.308 1.084–1.579
>60 56

Gender Male 59 0.191
Female 63

Type of
gastrectomy

DG 66
<0.001 0.254TG 48

PG 54
Combined organ
resection

Yes 44 0.003 0.104
No 61

Longitudinal
location

U 53

<0.001 0.934M 59
L 64

Whole 17
Differentiation
grade

Well/ moderate 70 0.009 0.078
Poor/undifferentiated 58

Macroscopic type Types 0–2 68
<0.001 0.083

Types 3–4 45

Tumor size ≤4.5 cm 72
<0.001 <0.001 1.460 1.190–1.791

>4.5 cm 48

T stage

T1 87

<0.001T2 79
T3 65
T4 48

N stage

N0 84

<0.001
N1 68
N2 51
N3a 38
N3b 23

TNM stage I/II 83
<0.001 <0.001 2.607 2.087–3.256

III 43
Postoperative
complications

Yes 52 0.110
No 61

Perioperative
blood transfusion

Yes 49
<0.001 0.079

No 64
SD: standard deviation, DG: distal gastrectomy, TG: total gastrectomy, PG: proximal gastrectomy, U: upper, M: middle, and L: lower.

subgroupswere similar.We found that, in stage I/II subgroup,
the difference was not significant between transfused and
nontransfused groups (𝑃 = 0.674, Figure 2(a)); however, in
TNM stage III subgroup, survival outcome was remarkably
better in nontransfused group than that in transfused group
(𝑃 = 0.002, Figure 2(b)). In addition, a dose-response
relationship between the amount of transfused blood and
prognosis was not recognized (𝑃 = 0.153, Figure 2(c)), and
the patients with intraoperative transfusion had obviously
worse prognosis than those who had preoperative or postop-
erative transfusion (𝑃 = 0.001, Figure 2(d)).

4. Discussion

Variety of experiments had demonstrated that perioperative
blood transfusion could result in immunological changes
which might contribute to poor survival of patients [19, 20].
Although many studies had been carried out to evaluate the
influence of perioperative blood transfusion on the prognosis
of gastric adenocarcinoma patients, the results were still
varied. Sánchez-Bueno et al.’s study showed that perioperative
blood transfusion did not influence the survival of patients
with gastric adenocarcinoma [11]. A study byMoriguchi et al.
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Figure 1: (a) Survival analysis of transfused and nontransfused patients. (b) Survival analysis of transfused and nontransfused patients with
different POHb. (c) Survival analysis of transfused and nontransfused patients with POHb between 70 and 100 g/L. (d) Survival analysis of
transfused and nontransfused patients with POHb >100 g/L.

also revealed the lack of any relationship between perioper-
ative blood transfusion and survival of patients with gastric
cancer [21]. On the other hand, other studies had opposite
opinion that blood transfusion resulted in worse prognosis
of gastric cancer patients. Ojima et al. demonstrated that
perioperative blood transfusion had a negative influence on
survival of patientswith gastric cancer [22]. A large retrospec-
tive study with 1710 patients by Hyung et al. found that blood
transfusionwas an independent risk factor for recurrence and
poor survival [14]. However, all the studies mentioned above
discussed the relationship between perioperative blood trans-
fusion and prognosis without concerning POHb of patients.
Clinical decision for blood transfusion was driven more by
hemoglobin threshold.Whether patients with POHb >70 g/L
should be transfused and whether perioperative transfusion

could influence postoperative complications and prognosis
of gastric adenocarcinoma patients with different POHb still
remain unknown. Therefore, in our study, we divided gastric
adenocarcinoma patients into different groups according to
their POHb and tried to find out the impact of transfusion
on postoperative complications and prognosis.

Our retrospective study showed that transfused patients
had more postoperative complications than nontransfused
ones. Other studies also demonstrated that transfused gastric
cancer patients had more postoperative complications [13,
15]. We also found that pulmonary infection happened more
frequently in transfused patients than nontransfused ones
(transfused 18.8% versus nontransfused 13.7%). Maybe trans-
fusion could disturb the immune system and cause high
morbidity of pulmonary infection.
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Figure 2: (a) Survival analysis of transfused and nontransfused TNM I/II stage patients with POHb >100 g/L. (b) Survival analysis of
transfused and nontransfused TNM III stage patients with POHb >100 g/L. (c) Survival analysis of transfused patients with different units of
blood. (d) Survival analysis of transfused patients with different transfusion time.

In our study, perioperative blood transfusion resulted in
poor prognosis of patients with gastric adenocarcinoma but
not an independent prognostic factor. However, this might
be influenced by different distributions of clinicopathological
features or operation approach between transfused and non-
transfused subgroups.When patients were divided according
to POHb, we found out that difference was not significant
between prognosis of transfused and nontransfused patients
with POHb between 70 and 100 g/L (𝑃 = 0.191). Survival
outcome was significantly worse in transfused group than
nontransfused group in patients with POHb >100 g/L; how-
ever, this difference might be caused bymore advanced TNM
stage patients in transfused group. Hence, we carried out sur-
vival analysis grouped by TNM stage (I/II stage; III stage) in
patients with POHb>100 g/L. Distributionswere similar with

regard to sex, differentiation grade, macroscopic type, and
tumor size in both subgroups.We found that transfusedTNM
III stage patients had worse prognosis than nontransfused
patients, while differences were not significant between trans-
fused and nontransfused patients in I/II stage subgroups. We
concluded that perioperative blood transfusion contributed
to poor prognosis, especially in stage III gastric adenocarci-
noma patients.

Blood transfusion may regulate immunity system which
may be harmful for patients with cancer. The explanation
for the adverse effect of transfusion is probably immunosup-
pression which may be caused by decreased natural killer
cell activity and increased suppressor T lymphocytes activity.
Other suppressor factors such as anti-idiotypic antibodies
may also be generated after blood transfusion [7, 23]. Heiss
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held the opinion that transfusion might have effect on
minimal residual disease in resected-cancer patients which
might lead to poor prognosis of them [24]. They witnessed a
significant quantitative increase of tumor cells in bone mar-
rowof transfused patients only during follow-up. In advanced
stage, immunosuppression caused by transfusion may lead
to progression of residual foci and also fail to clear cancer
cells in bonemarrow.Their finding supported our results that
transfused patients hadworse prognosis andmore postopera-
tive complications such as pulmonary infections, especially in
TNM stage III patients.

There were some reports focused on the relationship
between prognosis and amount of transfused blood. Hyung’s
study described significant differences in the prognosis
between patients transfusedwith different units of blood [14].
However, in this study, we revealed that transfused patients
with different units of blood did not show significant differ-
ence in survival outcomes which was similar to Ojima’s and
Kanda’s results [15, 22]. Maybe it was transfusion itself which
caused immunosuppression and poor prognosis rather than
amount of blood transfused.We also found that patients with
intraoperative transfusion seemed to have worse survival
than preoperative and postoperative transfused patients. Sur-
gical stress inhibited the immune system and might result in
immunosuppression which led to poor prognosis of patients
with intraoperative blood transfusion [25]. If we cannot
avoid perioperative transfusion, we may avoid intraoperative
transfusion at least.

This present study, which is one of the largest retrospec-
tive researches on Chinese patients, aims to excavate the
relationship among Hb value, transfusion, and prognosis. In
patients with POHb between 70 and 100 g/L, the difference
was not significant between transfused and nontransfused
patients. However, in patients with POHb >100 g/L especially
TNM III stage, perioperative blood transfusion related to
poor outcomes. Although transfusion did not affect much
prognosis of patients with POHb between 70 and 100 g/L,
blood transfusion still should be avoided for transfused
patients who had more postoperative complications. And we
also should avoid intraoperative blood transfusion for the
adverse effect on prognosis. In our study, intraoperative blood
losswas an independent risk factor for transfusion.Thus, as to
surgeons, the best method to avoid perioperative transfusion
is to reduce intraoperative blood loss, for example, careful
anatomical dissection to avoid injury of blood vessels; using
some technology or devices to reduce blood loss such as elec-
trocoagulation, ultrasonic, laser devices, and collagen-sealing
devices; reducing the length of incision and suture carefully.

Our study is a retrospective study which included 1199
Chinese patients in one center, and we did not analyze the
effect of postoperative treatment such as adjuvant chemother-
apy or radiotherapy on the long-term survival of our patients
in this study. Thus it is necessary to carry out some prospec-
tive, randomized, controlled studies to examine the prognos-
tic value of blood transfusion in gastric adenocarcinoma.

In conclusion, perioperative blood transfusion was
related to poor prognosis of patients with gastric adenocar-
cinoma, especially in TNM III stage patients with POHb
>100 g/L. Transfused patients also had more postoperative

complications than nontransfused ones; thus it is better to
refrain from unnecessary perioperative blood transfusion
especially intraoperative transfusion.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors thank the substantial work of Volunteer Team
of Gastric Cancer Surgery (VOLTGA) based on Multidisci-
plinary Team (MDT) ofGastrointestinal Tumors,West China
Hospital, Sichuan University, China. This work received
domestic support from (1) National Natural Science Foun-
dation of China (no. 81372344, no. 81301866); (2) Sichuan
Province Youth Science & Technology Innovative Research
Team, no. 2015TD0009.

References

[1] A. Jemal, F. Bray, M. M. Center, J. Ferlay, E. Ward, and D.
Forman, “Global cancer statistics,” CA Cancer Journal for Clini-
cians, vol. 61, no. 2, pp. 69–90, 2011.

[2] Y. Talukder, A. P. Stillwell, S. K. Siu, and Y.-H. Ho, “Comparing
survival and recurrence in curative stage I to III colorectal
cancer in transfused and nontransfused patients,” International
Surgery, vol. 99, no. 1, pp. 8–16, 2014.

[3] R. S. Foster Jr., M. C. Costanza, J. C. Foster, and M. C. Wanner,
“Adverse relationship between blood transfusions and survival
after colectomy for colon cancer,”Cancer, vol. 55, no. 6, pp. 1195–
1201, 1985.

[4] B. J. Linder, R. H.Thompson, B. C. Leibovich et al., “The impact
of perioperative blood transfusion on survival after nephrec-
tomy for non-metastatic renal cell carcinoma (RCC),”BJU Inter-
national, vol. 114, no. 3, pp. 368–374, 2013.

[5] N. H. Hyman, R. S. Foster Jr., J. E. DeMeules, and M. C.
Costanza, “Blood transfusions and survival after lung cancer
resection,” The American Journal of Surgery, vol. 149, no. 4, pp.
502–507, 1985.

[6] P. I. Tartter, L. Burrows, A. E. Papatestas, G. Lesnick, and A. H.
Aufses Jr., “Perioperative blood transfusion has prognostic sig-
nificance for breast cancer,” Surgery, vol. 97, no. 2, pp. 225–230,
1985.

[7] H. S.Wu and A. G. Little, “Perioperative blood transfusions and
cancer recurrence,” Journal of Clinical Oncology, vol. 6, no. 8, pp.
1348–1354, 1988.

[8] S. A. Müller, A. Mehrabi, N. N. Rahbari et al., “Allogeneic blood
transfusion does not affect outcome after curative resection for
advanced cholangiocarcinoma,” Annals of Surgical Oncology,
vol. 21, no. 1, pp. 155–164, 2014.

[9] R.Warschkow, U. Güller, D. Köberle et al., “Perioperative blood
transfusions do not impact overall and disease-free survival
after curative rectal cancer resection: a propensity score anal-
ysis,” Annals of Surgery, vol. 259, no. 1, pp. 131–138, 2014.

[10] M. Bortul, L. Calligaris, M. Roseano, and A. Leggeri, “Blood
transfusions and results after curative resection for gastric
cancer,” I Supplementi di Tumori, vol. 2, no. 5, pp. S27–S30, 2003.
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