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SYSTEMATIC REVIEW AND META-ANALYSIS

Perioperative Allogenenic Blood Transfusion is Associated
With Worse Clinical Outcome for Patients Undergoing
Gastric Carcinoma Surgery

A Meta-Analysis

Lihong Li, MM, Dajian Zhu, MD, Xiaowu Chen, MD, Yanfeng Huang, MM,
Manzhao Ouyang, MM, and Weijie Zhang, MM

Abstract: Whether perioperative allogenic blood transfusion (ABT)
has adverse effect on patients with gastric carcinoma (GC) surgery or
not, that is controversial. Our study evaluated the association between
ABT and some clinical outcomes of GC surgery patients.

Data of relevant studies were based on PubMed, EMBASE, and the
Cochrane Library search. The relative risk (RR) of 5-year survival rates,
tumor recurrence, and postoperative complications were performed;
subgroup analyses included district, transfusion rates, age, participants,
sex, and tumor stage.

The study was approved by the ethics committee of the First
People’s Hospital of Shunde.

Intotal, 9189 participants from 16 studies were included in the meta-
analysis. The 5-year survival rate was decreased for the GC patients with
ABT (RR =0.74, 95% confidence interval [CI] = 0.69—0.79), the risk of
tumor recurrence was significantly higher for ABT patients (RR =1.82,
95% CI=1.32-2.51), and postoperative complications increased in
ABT patients (RR=1.36, 95% CI=1.02—1.81), respectively; in sub-
group analyses, 5-year survival rates were not associated with the
transfusion rates (x> = 0.37, P =0.54).

Transfusion for patients undergoing GC surgery, even low transfu-
sion rates, would reduce the 5-year survival rates, and elevated the risk
of tumor recurrence and postoperative complication.

(Medicine 94(39):e1574)

Abbreviations: ABT = allogenenic blood transfusion, CI =
confidence interval, GC = gastric carcinoma, RR = relative risks.

INTRODUCTION
nemia is most common in gastric carcinoma (GC) patients,
which may be caused by bleeding due to the necrosis of
cancer, no appetite for food, lack of nutrition, and so on.
Furthermore, after surgery for these patients, the iron absorption
will become a problem because of short of intrinsic factor.
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Transfusion is, however, a useful method to remedy ane-
mia in patients with GC before and after surgery, which could
cause lots of side effects, such as infectious disease including
hepatitis B virus (HBV), human immunodeficiency virus (HIV),
and so on; besides these virus disease, there are other compli-
cations, for example, iron overload, transfusion-related acute
lung injury, hemolytic transfusion reaction, and transfusion-
associated circulatory overload. Other studies have reported that
transfusion not only caused such problems, but it could affect
the GC surgery patients’ prognosis, such as elevating the
recurrence rates of cancer, the rates of pertinent complications,
and the mortality rates.' Some reported that transfusion did not
influence the long-term survival of patients with resected GC.*>

So in order to clarify the inconsistent issue, a meta-analysis
is necessary to be performed; the aim of our work was to inspect
the association between transfusion and the 5-year survival rate,
cancer recurrence, and complications in patients with GC
undergoing surgery.

SEARCH METHODS FOR IDENTIFICATION OF
STUDIES

Electronic databases (PubMed, EMBASE, and the
Cochrane Library) were searched to the October 31 in 2014
using the following search strings: “‘gastric cancer,”” ‘‘stomach
cancer,”” ‘‘gastric carcinoma,’”’ ‘‘stomach carcinoma,” ‘‘gas-
tric neoplasm,’” “‘stomach neoplasm,’” and ‘‘transfusion.”” The
citations to be searched were restricted to human studies and
published in English. Duplicates and out of scope publications
were excluded. Some relevant lists were searched manually for
additional studies missed by the search strategy. The full text of
the remaining publications was screened for eligibility for data
extraction and meta-analysis.

Inclusion Criteria

In this meta-analysis, the citations should meet the follow-
ing criteria: evaluation of the association between allogenic
blood transfusion (ABT) and clinical prognosis (postoperative
complications, recurrence, or 5-year survival rate) for patients
with GC surgery; studies were excluded if the report focus on
autogenic blood transfusion or benign tumors or no surgery; it
must be clinical studies, not experimental studies on animals;
and the specific data could be obtained.

If duplicate studies were obtained, we chose the latest one
in this meta-analysis. However, if studies could provide
additional information, that would be included in the subgroup
analyses of this article.
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Data Extraction

Potentially relevant articles were identified by 2 reviewers
(LL and DZ) with the predefined search methods and included
in this meta-analysis according to the criteria above. Partici-
pants’ information was abstracted and listed in Table 1 by 2
authors (YH and WZ). If discrepancies were emerged, that
would be resolved through discussion in all of the authors till
consensus was achieved.

Data Synthesis and Statistical Analysis

In this meta-analysis, all participants were divided into 2
groups (ABT group and non-ABT group). If patients were
received any kind or amount of blood transfusion, that were
included in the ABT group, and if not received any blood
products, that were classified into non-ABT group. Participants’
information contained first author’s name, publication year,
patients’ age and sex, number of patients included in the ABT
and non-ABT group, transfusion rate, tumor stage, survival
data, tumor recurrence, and complication for patients with and
without ABT, respectively.

The relative risk (RR) of 5-year survival rate, cancer
recurrence rate after surgery, and postoperative complication
associated with ABT were considered 3 main outcomes in this
article, and subgroup analyses were district (Asian vs non-
Asian), transfusion rates (<50% vs >50%), age (<60 years
v. >60 years), participants (<600 vs >600), sex (male vs
female), and tumor stage (Tis—II vs TNM III-1V).

x> and I? statistics were used to test heterogeneity (values
of 25%, 50%, and 75% were considered to represent low,
medium, and high heterogeneity, respectively).* If the hetero-
geneity of any outcome was >75%, then the subgroup was
conducted to evaluate the potential factor that may lead to the
heterogeneity. For each outcome, RR and its 95% confidence
intervals (Cls) were used to measure the association for each
study. Multivariate regression model was used to analyze the
confounding factor, to determine whether transfusion was an
independent risk factor on prognosis of GC patients after
surgery. All data analyses were conducted by RevMan software
version 5.1 (The Nordic Cochrane Centre, Rigshospitalet,
Copenhagen, Denmark) and Stata SE version 12.0 software
(Stata Corp. LP, College Station, TX).

In addition, sensitivity analyses were carried out by exclud-
ing a highest or lowest RR value to assess the stability of the
association between ABT and cancer clinical outcomes. P values
were 2-tailed and the statistical significance was set at 0.05.

RESULTS

Selected Studies and Characteristics

The selection of studies for inclusion in the meta-analysis
was shown in Flow diagram. Of the initial 502 citations retrieved,
our final primary analysis included 16 articles with a total of 9189
participants (2 articles™® [the participants were 640 and 179,
respectively] did not include the concrete data of 5-year survival
rate but tumor recurrence and complications, so we incorporated
them into the meta-analysis). Five articles contained tumor
recurrence data'*>"7® and complications,'**%? so the outcomes
were performed by the correlated data.

Detailed study characteristics were shown in Table 1.' 3~
'7Of the 16 studies, all of which were prospective cohort
studies, 9 were from Asia (1 from China, 5 from Japan, and
3 from Korea), 4 from Italy, and 1 each from the United States,
the United Kingdom, and Spain. The proportion of Asians was
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57.3% (m=5263). In total, 9189 GC patients undergoing
surgery were included, of whom 4117 (44.8%) received an
ABT, and the sample size ranged from 137 to 1710 (46—757 in
ABT group and from 38 to 1300 in non-ABT group). The
follow-up duration ranged from 1.5 to 22 years. Outcomes
reported in each study included 5-year survival rate (n=14),
tumor recurrence (n=15), and postoperative complications
(n=35). The results of subgroup analysis are shown in
Table 2 and Table 3, and the results of survival rate after
adjustment of covariates in this meta-analysis are shown in
Table 4.

OUTCOMES

Survival Rate

The data were heterogeneous (I = 58%), so we used the
random-effects model to combine results from all studies. Four-
teen studies reported the 5-year survival rate (giving a total
sample size of 8370 participants for evaluation), which was lower
in ABT group (48.2%, 1589 cases in total of 3298 patients) than in
nontransfused group (71.2%, 3612 in total of 5072 patients)
(RR=0.74, 95% CI 0.69-0.79, P < 0.00001) (Figure 1).

To avoid the possibility of collinearity between ABT and
other risk factors, we in turn pooled the data after adjusting series
of covariates. As shown in our results (Table 4), ABT is a risk
factor for survival rate independent from age, sex, stage, tumor
size, type of surgery, blood loss, weight, lymph node status,
histology, macroscopic type, duration of operation, preoperative
Hb, adjuvant chemotherapy, and preoperative albumin level
(RR< 1, P<0.05).

Cancer Recurrence Rate

Five studies reported the cancer recurrence rate, 4478
participants for evaluation, which was higher in ABT group
(32.9%, 416 of 1265 participants) than in nontransfused patients
(12.3%, 395 of 3213 patients) (RR =1.82, 95% CI 1.32—-1.51,
P =10.0003) (Figure 2).

The meta results after adjustment of covariates were shown
in Table 4. The effect of age, sex, stage, tumor size, lymph node
status, and histology were adjusted when pooled the data. Our
results showed that ABT was an independent risk factor for cancer
recurrence (RR =0.672, 95% CI 0.567—0.796, P < 0.001).

Postoperative Complication Rate

Five studies reported the relationship between ABT and the
postoperative complication rate, 3269 participants for evaluation,
which was higher in ABT group (26%, 211 of 810 participants)
than in nontransfused patients (21.5%, 529 of 2459 patients)
(RR=1.36,95% CI1.02—1.81, P =0.03) (Figure 3). The P value
was greater than the threshold only when the data of compli-
cations were adjusted by meta-regression (RR =10.713, 95% CI
0.508—1.001, P=0.051) (Table 4), which would be discussed in
the ““Discussion’” section.

Subgroup Analysis

In the subgroup analysis, we found that 5-year survival
rates were not associated with the transfusion rates (x> =0.37,
P =0.54), even low transfusion rate increased the risk of death
in transfused group, and the 5-year survival rate was lower in
transfused group than in nontransfused group (RR =0.73, 95%
CI=0.70-0.77, P < 0.00001). We also found that transfusion
rates were higher in female than male patients and in stage of

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Subgroup Analysis of the Association Between
Transfusion and 5-Year Survival Rate

P Value Between

Subgroup RR (95% CI) Subgroups
District
Asian 0.72 (0.69, 0.76) 0.09
Non-Asian 0.79 (0.72, 0.87)
Transfusion rate
>50% 0.76 (0.70, 0.82) 0.54
<50% 0.73 (0.70 0.77)
Age
>60y 0.49 (0.41, 0.57) 0.06
<60y 0.37 (0.30, 0.46)
Participants
>600 0.51 (0.43, 0.61) 0.50
<600 0.47 (0.40, 0.55)

CI = confidence interval, RR = relative risk.

TNM III-1V group than Tis—II group as well (Table 2 and
Table 3).

DISCUSSION

In this meta-analysis, we found that ABT was associated
with worse clinical outcome for patients undergoing GC surgery
via the meta-analysis of the 16 cohort studies from 7 countries
(3 continents, Asia, Europe, America), including 9189 partici-
pants, and the 5-year survival rate was lower for transfused
patients than nontransfused patients; in subgroup analyses, the
transfusion rate was higher in female than in male patients,
which was a significant difference (x> =24.41, P <0.00001),
transfusion rate increased significantly in patients of tumor
stage. TNM III-1V compared with Tis—II (x*=90.02,
P <0.00001), and the 5-year survival rate had nothing to do
with the transfusion rate, which indicated that even low transfu-
sion rate could elevate the risk of death of patients with GC
resection. In Table 4, the P value was greater than the threshold
when the data with adjustment of complications (P =0.051)
(Table 4), maybe some reasons the following, on the one hand,
only 5 studies with patients’ complications were searched
online, which enable the heterogeneity of complications to
become some greater, on the other hand, the result was stat-
istical differences in Figure 3, although not so significant,
RR=1.36, 95% CI 1.02—-1.81, P=0.03, so we believed it

was necessary to give an advanced research next time, for
example, to increase the number of searched studies, but we
did not think that it would affect the total result of this meta-
analysis.

It was thought that the adverse outcome of transfusion was
related to the immune system because transfusion could down-
regulate hematopoiesis and subsequently downregulate the
immune response.'® It was reported that perioperative surgical
trauma and stress had an immunosuppressive impact on GC
patients,lg and ABT exacerbated the impaired immune
response,”’ and remaining leukocytes in transfused blood
played an important role in immunosuppression and transfu-
sion-related immunomodulation,?"**> which could be some
factors to result in tumor recurrence. Taylor et al** reported
that 1717 trauma patients in the intensive care unit, it was shown
that nosocomial infections were 6 times higher and mortality
was 2 times higher in the transfusion group than in the non-
transfusion group. So, the patients who received transfusion
developed a serious destroying in resistance to infections and
cancer metastasis. We thought that the impaired immune system
and the suppressing of hematopoiesis were contributed to the
adverse clinical outcomes for patients with GC undergoing
surgery.

In our meta-analysis, the survival rate was significantly
lower; the incidence of cancer recurrence and postoperative
complication was higher in transfusion group than in nontrans-
fusion group. But the transfusion rate did not correlate with the
survival rate; therefore, it was believed that transfusion itself
mediated its effects on the survival rate rather than the transfu-
sion rate, which was consistent with Kim et al.! In this study, we
also found that the transfusion rate was higher in female patients
and patients of worsening stage (Table 3), which was consistent
with Acheson et al,** who reported that a meta-analysis of
transfusion in colorectal cancer surgery patients, it was shown
that the transfusion rate was higher in women than in men
(OR =1.15, 95% CI 1.06—1.24, P <0.001).

The multivariate regression was used to analyze whether
confounding factor besides transfusion had any effect on the 5-
year survival rates, from the results of the multivariate
regression survival analyses (Table 4), the transfusion was an
independent risk factor on the survival rate of GC patients
during preoperative period.

In our study, the transfusion rate was highly variable across
studies ranging from 4.4% to 70.3%. Such large variations were
also reported in other fields, for example, colorectal cancer
surgery,>* total hip replacement surgery, total knee replacement
surgery, and coronary artery bypass graft in 16 Austrian centers
ranging from 16% to 87%, 12% to 87%, and 37% to 63%,
respectively.>® There was not a consistent transfusion criterion
in GC surgery patients; the overall evaluation should be done in
patients before transfusion. We believe that it is important to

TABLE 3. Subgroup Analysis of Transfusion Rate

P Value Between

Subgroup RR (95% CI) Subgroups

Gender Male 0.93 (0.89, 0.97) <0.00001
Female 1.15 (1.07, 1.25)

Tumor stage Tis—II 0.81 (0.77, 0.86) <0.00001
TNM HI-1V 1.21 (1.14, 1.28)

CI = confidence interval, RR = relative risk.
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TABLE 4. The Meta-Analysis Results of Survival Rate After Adjustment of Covariate

Heterogeneity Test RR

Model Outcome Adjustment for Covariates No. of Studies Q I’ (%) P RR [95% CI] P

1 Survival rate Age, sex, stage 12 2191 49.8 0.025 0.762 [0.680, 0.854] <0.001
2 Survival rate Age, sex, tumor size 8 290 <0.00 0.894 0.885 [0.828,0.945] <0.001
3 Survival rate Age, sex, type of surgery 9 2049  61.0 0.009 0.727 [0.624, 0.847] <0.001
4 Survival rate Age, sex, blood loss 2 0.53 <0.00 0.469 0.629 [0.489, 0.810] <0.001
5 Survival rate Age, sex, complications 3 11.46 82.60 0.003 0.713 [0.508, 1.001]  0.051
6 Survival rate Age, sex, weight 3 0.29 <0.00 0.866 0.814 [0.668, 0.991]  0.041
7 Survival rate Age, sex, lymph node status 8 545 <0.00 0.605 0.877 [0.817,0.941] <0.001
8 Survival rate Age, sex, histology 5 2.00 <0.00 0.736 0.834 [0.751, 0.926] 0.001
9 Survival rate Age, sex, macroscopic type 6 335 <0.00 0.647 0.854 [0.785, 0.930] <0.001
10 Survival rate Age, sex, duration of operation 3 0.73 <0.00 0.695 0.785 [0.629, 0.979]  0.032
11 Survival rate Age, sex, preoperative Hb 2 0.19 <0.00 0.660 0.859 [0.747,0.987]  0.032
12 Survival rate Age, sex, adjuvant chemotherapy 2 0.02 <0.00 0.903 0.872 [0.762,0.997]  0.045
13 Survival rate Age, sex, preoperative albumin level 3 0.73  <0.00 0.695 0.785 [0.629, 0.979] 0.032
14 Recurrence  Age, sex, stage, tumor size, lymph 2 0.95 <0.00 0.329 0.672 [0.567,0.796] <0.001

node status, histology

CI = confidence interval, RR =relative risk.

restrict transfusion if possible; Furthermore, the establishment
of'a unanimous standard of the appropriate time for preoperative
transfusion is urgently required.

LIMITATIONS OF THIS STUDY

There were some limitations in this meta-analysis: first,
there were some kinds of different products of transfusion, for

transfused group  nontransfused group

example, some patients received erythrocytes, some received
plasma, some received both of them, which we had not divided
into relevant group; and second, some patients also suffered from
other disease, but multiple reviewers had investigated the pro-
blem to minimize the extent of such bias, such as using multi-
variate regression to exclude the confounding factor, subgroup
analysis to clarify the heterogeneity. We believed that it was
unlikely to impact the clinical outcome by these biases.

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Bortul M, 2003 28 99 20 38 24% 0.54 [0.35, 0.83]

Choi JH, 1995 186 352 99 149  9.2% 0.80[0.68, 0.92] -

Craig SR, 1998 53 335 42 189  3.2% 0.71[0.49, 1.02]

Fong Y, 1994 56 131 62 94  56% 0.65[0.51, 0.83] -

Hyung WJ, 2002 421 757 706 953  13.0% 0.75[0.70, 0.81] -

Kampschoer GH,1989 211 371 508 629 11.9% 0.70[0.64, 0.78] -

Kim SH,2010 35 60 1035 1300 6.6% 0.73[0.59, 0.91] -

Moriguchi S, 1990 207 373 133 195 10.1% 0.81[0.71, 0.93] -

Murata N, 2000 34 69 93 139 51% 0.74 [0.56, 0.96] -

Pacelli F, 2011 165 327 340 600 10.3% 0.89[0.78, 1.01] ™

Rausei S, 2013 30 46 137 178  6.2% 0.85[0.68, 1.06] /T

Sugezawa A, 1989 75 152 41 66 5.6% 0.79[0.62, 1.02] ]

Sanchez-Bueno F, 1997 28 69 54 94  37% 0.71[0.51, 0.99]

Zhou HY, 2013 60 157 342 448  6.9% 0.50[0.41, 0.61] -

Total (95% CI) 3298 5072 100.0% 0.74 [0.69, 0.79] ’

Total events 1589 3612 , , , ,
T T T T

Heterogeneity: Tau? = 0.01; Chi® = 30.94, df = 13 (P = 0.003); I> = 58%
Test for overall effect: Z = 8.05 (P < 0.00001)

05 07 1
Favours transfusion Favours non-transfusion

15 2

FIGURE 1. Forest plot of comparison: transfusion vs nontransfusion: outcome: 5-year survival rate. Answer: The concrete legends were

shown in last paragraph of page 6.
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transfused nontransfused Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Dhar DK, 2000 80 222 47 418 23.4% 3.20[2.32,4.42] -
Hyung WJ, 2002 245 757 194 953 28.3% 1.59 [1.35, 1.87] L
Kim SH,2010 0 60 28 1300 1.3% 0.37 [0.02, 6.06]
Sanchez-Bueno F, 1997 34 69 35 94 22.2% 1.32[0.93, 1.89] ™
Zhou HY, 2013 57 157 91 448 24.9% 1.79 [1.36, 2.36] -
Total (95% CI) 1265 3213 100.0% 1.82[1.32, 2.51] ’
Total events 416 395

Heterogeneity: Tau? = 0.09; Chi? = 18.56, df = 4 (P = 0.0010); I> = 78%
Test for overall effect: Z = 3.64 (P = 0.0003)

0.01 0.1 1 10 100
Favours transfusion Favours non-transfusion

FIGURE 2. Forest plot of comparison: transfusion vs nontransfusion: outcome: cancer recurrence rates. Answer: Figure 2 legends were

shown in 2-3 paragraph of page 7.

transfused nontransfused Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bellantone R, 1998 47 132 8 47  11.8% 2.09 [1.07, 4.09] T
Dhar DK, 2000 37 222 36 418  19.2% 1.94 [1.26, 2.97] -
Kim SH,2010 18 60 336 1300 20.5% 1.16 [0.78, 1.73] B ol
Pacelli F, 2011 82 327 107 600 26.8% 1.41[1.09, 1.81] -
Séanchez-Bueno F, 1997 27 69 42 94 21.6% 0.88 [0.60, 1.27] -
Total (95% CI) 810 2459 100.0% 1.36 [1.02, 1.81] ‘
Total events 21 529

——t —t—t

Heterogeneity: Tau? = 0.06; Chi> = 10.39, df = 4 (P = 0.03); I =62%
Test for overall effect: Z=2.11 (P = 0.03)

T T
0.1 0.2
Favours experimental

05 1 2 5 10
Favours control

FIGURE 3. Forest plot of comparison: transfusion vs nontransfusion: outcome: postoperative complication rates. Answer: Figure 3 legends

were shown in 4 paragraph of page 7.

CONCLUSIONS

In conclusion, we found that it had a negative relation
between ABT and prognosis in patients undergoing GC surgery,
including the survival rates reduced, the risk of tumor recur-
rence and complications increased, the patients’ 5-year survival
rate does not correlate with the transfusion rate, even low
transfusion rate could elevate the mortality of patients with
GC surgery.
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