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Abstract 

Immunosuppression induced by transfusion causes postoperative adverse events including poor 
prognosis in cancer, but data on influence of the immune response on blood transfusion requirements 
during perioperative period are limited. The aim of this study was to investigate whether the preoperative 
immune response is associated with perioperative blood cell transfusion in a glioma surgical patient 
population. The authors identified 321 cases of surgery for treatment of glioma. Patient variables, 
preoperative laboratory variables (hemoglobin, platelet count, activated partial thromboplastin time, 
prothrombin time, hematocrit, red and white blood cell count), and transfusions were registered. Plasma 
concentration of Th-associated cytokines was measured by flow cytometry. Multivariable regression 
analysis and receiver operating characteristic curve were undertaken to identify predictors of transfusion. 
Of 321 patients, 157 (48.90%) received red blood cells transfusion. The mean age is significantly higher in 
transfusion group compared to no transfusion group, while postoperative hospital stay, preoperative 
hemoglobin, prothrombin time, activated partial thromboplastin time, platelet count, red and white blood 
cell count and hematocrit of patients did not differ significantly between the two groups. No significant 
differences of IL-2, -4, -6, -10 and INF-γ concentration were observed between transfusion and no 
transfusion group. The concentration of TNF and IL-17A was significantly lower in transfusion patients 
than in the no transfusion subjects. Low plasma TNF and IL-17A levels predicted high perioperative 
transfusion rate, the combination of them enlarged the prognostic accuracy of testing. Our study 
demonstrates that the preoperative immune response influences transfusion requirements, and TNF and 
IL-17 are important predictive risk factors for perioperative use of blood components in glioma patients. 
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1. Introduction 
Brain glioma is the common primary intracranial 

tumor, characterized by dismal prognosis and 
frequent recurrence [1]. The treatment strategies 
presently available for malignant glioma include 
removing the local lesion by surgery. Due to 
possibility of severe hemorrhage in perioperative, 
patients in glioma surgery often require blood 
transfusion. As we all know transfusion is 
accompanied with a number of risks, including 
transfusion-transmitted diseases, transfusion-related 
lung injury, and so on [2, 3]. More importantly, some 
studies have shown clearly that immunosuppression 

induced by transfusion causes postoperative adverse 
events, especially poor prognosis in cancer patients 
[4-8]. So minimize the possibility of blood transfusion 
may be important to improve prognosis and decrease 
cancer recurrence for glioma patients. Besides 
autologous blood transfusion another important way 
to minimize the need to transfusions might be confirm 
the influence factor of bleeding or transfusion 
requirements then to treatment. 

Until now, the investigation of perioperative risk 
factors associated with bleeding and transfusion is 
limited, mostly of them has been based largely on a 
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few general markers of hemostasis (activated partial 
thromboplastin time (aPTT), prothrombin time (PT), 
platelet count)[9, 10], but these variables have low 
ability to identify patients with increased transfusion 
rates. On the other hand, correlations between 
immune modulations and coagulation and bleeding 
have been reported [11, 12]. Plasma cytokines released 
by ultrafiltration during perioperation may reduce 
postoperative blood loss and transfusion 
requirements, and it has also been identified that a 
low preoperative Th1 immune response was 
associated with a higher blood transfusion rate in 
cardiac surgery [13].  

According to a well-known relationship between 
immune modulation and coagulation, the aim of this 
study was to investigate the relationship between 
preoperative immune response, as well as laboratory 
variables, and perioperative blood transfusion in a 
glioma surgical patient population. 

2. Materials and methods 
2.1 Patients 

A total of 321 glioma patients were enrolled in 
this study at the Department of Neurosurgery, 
Huashan Hospital in Shanghai, China. Patient 
eligibility criteria were as follows: (1) with 
histologically confirmed primary glioma, (2) received 
surgical resection, (3) availability of complete clinical 
data and (4) no history of other synchronous 
malignancy. The study was approved by the Ethic 
Committee of Fudan University and informed 
consents were obtained from all participants. All 
experimental procedures were performed according 
to the Helsinki Declaration. Patients’ clinical data 
were obtained by medical record review. 

2.2 Laboratory Data and Cytokine assay 
On the day before surgery, the patients’ blood 

samples were collected for routine laboratory analysis 
including Hb, PT, aPTT, platelet count, RBC count, 
WBC count and hematocrit. After analysis, plasma 
samples were separated by density gradient 
centrifugation, and aliquots were stored at -80°C until 
further processing for the simultaneous quantification 
of cytokines. 

Cytometric Bead Array Human T 
helper1(Th1)/Th2/Th17 Cytokine Kit (BD Bioscience 
San Jose, CA) was used to measure plasma levels of 
interleukin (IL)-2, -4, -6, -10, tumor necrosis factor 
(TNF), interferon (INF)-γ and IL-17A (Table 1), data 
were acquired on a BD FACSCanto II flow cytometer. 
Both assays were performed according to the 
manufacturer's instructions and the results are 
reported in pg/ml. 

2.3 Perioperative blood transfusion 
Perioperative blood transfusion was defined as 

at least 1 unit of allogeneic red blood cell transfusion 
either during operation or within 24 hours after 
operation. Blood transfusion during operation was 
decided according to the institution’s clinical protocol 
[14] (red blood cell transfusions were given when 
blood hemoglobin level decreased to below 70 g/L). 
The attending anesthesiologist, who always had the 
final decision regarding transfusions, was not aware 
of the preoperative cytokines concentration. No 
patients had predeposit autologous blood transfusion. 

2.4 Statistical analysis 
Continuous variables were expressed as the 

mean values ± standard deviation (SD) and compared 
with Student t test or Mann-Whitney U-test. Categoric 
variables were tested with Pearson chi-square test. 
Variables with a p value of 0.10 or less were retained 
for multivariate analyses to assess whether cytokines 
expression was independently associated with blood 
transfusion. To determine any thresholds of 
continuous variables predictive of blood transfusion, 
a receiver operating characteristic (ROC) curve was 
constructed. SPSS Statistics v 19.0(SPSS Inc., Chicago, 
Illinois) were used for all statistical calculations. 
P<0.05 was considered to be statistically significant. 

 

Table 1. Selected cytokines and their related pathways activity on 
tumours [15-19] 

Cytokines Immune pathway Contributes to anti(-) 
or pro(+) inflammatory 
phenotype 

Activity on 
tumours 

IL-2 Promotes Th1 
differentiation and inhibits 
Th17 differentiation 

+ Antitumoral 

IL-4 Promotes of Th2 
differentiation 

 - Pro-tumoral 

IL-6 Promotes 
Th17differentiation and 
inhibits Treg differentiation 

+ Pro-tumoral 

IL-10 Anti-inflammatory cytokine 
produced by many T cell 
subtypes and some 
macrophages 

- Pro-tumoral 

TNF Common end product of 
many innate and adaptive 
immune pathways 

+ Antitumoral 

INF-γ Th1 effector cytokine + Antitumoral 
IL-17A Cytokine produced by Th17 

cell 
+ Antitumoral/P

ro-tumoral 
 

3. Results 
3.1 General Parameters 

A total of 321 patients (mean age 53.31 ± 10.09, 
range 29 to 70, 46.42% female, Table 2) who 
underwent glioma surgery were included in the 
study. Of 321, 157 (48.90%) of the patients (range 39 to 
70, 45.86% female) received red blood cells 
transfusion (3.4 ± 1.19, range 2 to 6 units). None of the 
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patients received platelet transfusion. The mean age 
in transfusion group was significantly higher 
compared to no transfusion group (56.96 ± 8.34 vs 
47.12 ± 10.36, P=0.02). Among the total patients 236 
were diagnosed with low-grade glioma (WHO grade I 
or II) including 121 no transfusion and 115 transfusion 
patients, whereas 85 were diagnosed with high-grade 
glioma (WHO grade III or IV) including 43 no 
transfusion and 42 transfusion patients. The mean 
hospital stay of patients after operation was12.09 ± 
5.30 days, including 11.19 ± 4.56 days for no 
transfusion group and 13.04 ± 6.36days for transfusion 
group. 

 

Table 2. Clinical Characteristic of Patients  

Variables Whole Sample (N=321) 
Age(year) 53.31 ± 10.09 
Gender  
Female (%) 46.42% 
Male (%) 53.58% 
Location   
Cerebellum 4.36% 
Diencephalon 10.59% 
Telencephalon 71.96% 
Ventricle 13.09% 
WHO Grade   
I-II 73.52% 
III-IV 26.48% 
Surgery  
Gross total resection 85.98% 
Near total resection 14.12% 
Hemoglobin (g/L) 127.65 ± 14.52 
Prothrombin time (INR) 0.94 ± 0.08 
aPTT (s) 26.79 ± 4.99 
Platelet count ( 109/L) 166.61 ± 58.09 
RBC(1012/L) 4.51 ± 0.35 
Hematocrit (%) 36.94 ± 4.05 
WBC count ( 109/L) 11.57 ± 7.29 
Postoperative hospital stay (day) 12.09 ± 5.30 

aPTT indicates activated partial thromboplastin time; INR, international 
normalized ratio; RBC, red blood cell; WBC, white blood cell. 

 

3.2 Routine Laboratory Analyses 
To further analyze risk factors for perioperative 

transfusion, we investigated routine laboratory maker 
of anemia and hemostasis. Preoperative Hb, PT, aPTT, 
platelet count, RBC count, WBC count and hematocrit 
were within the normal range for all patients before 
surgery (Table 3) and these routine laboratory 
variables did not differ significantly between the two 
groups. 

3.3 Transfusion and Cytokine secretion profile 
To identify the relationship between 

preoperative immune response and blood 
requirement in perioperative, plasma levels of the 
Th1/Th2/Th17 cytokines of glioma patients were 
tested and results showed that plasma levels of TNF 
(P<0.01) and IL-17A (P<0.01) were significantly lower 
in transfusion patients than in the no transfusion 

subjects. No significant difference was observed 
between the studied groups for IL-2, -4, -6, -10 and 
INF-γ cytokines (Figure 1). 

 

Table 3. Characteristics of patients requiring perioperative blood 
transfusion following scheduled glioma surgery 

Variables Non-Transfusion 
(N=164) 

Transfusion 
(N=157) 

P value 

Age(year) 47.12 ± 10.36 56.96 ± 8.34 0.02  
Gender   0.10 
Female (%) 46.95% 45.86%  
Male (%) 53.05% 54.14%  
Location   0.15 
Cerebellum 5.49% 3.18%  
Diencephalon 11.59% 9.55%  
Telencephalon 71.34% 72.61%  
Ventricle 11.59% 14.65%  
WHO Grade    0.54  
I-II  73.78% 73.25%  
III-IV  26.22% 26.75%  
Surgery   0.37 
Gross total resection 88.41% 83.44%  
Near total resection 11.59% 16.56%  
Hemoglobin (g/L) 132.4 ± 15.24 122.79 ± 12.03 0.21  
Prothrombin time (INR) 0.91 ± 0.08 0.95 ± 0.07 0.47  
aPTT (s) 24.47 ± 5.18 27.68 ± 4.34 0.28  
Platelet count ( 109/L) 167.67 ± 49.40 165.41 ± 65.29 0.79  
RBC(1012/L) 4.6 ± 0.70 4.41 ± 0.85 0.06  
Hematocrit (%) 37.45 ± 3.31 34.56 ± 4.23 0.10  
WBC count ( 109/L) 13.24 ± 5.36 9.56 ± 5.69 0.05  
Postoperative hospital stay (day) 11.19 ± 4.56 13.04 ± 6.36 0.21  

 

3.4 Independent predictive factors for 
transfusion requirement  

On univariable analysis, older patients and those 
with lower pre-operative plasma TNF and IL-17A 
were more likely to undergo blood transfusion. In 
order to further confirm the relationship between 
variables and perioperative blood transfusion, we 
choose all the variables with a p value less than 0.1 
were included in the multivariate analysis. Two 
variables of levels of TNF and IL-17A remained 
significant in this model, but age was no longer 
significant on multivariable analysis (Table 4). 

 

Table 4. Multivariable logistic regression analysis of variables 
related to perioperative transfusion  

Variables Odds Ratio  95% Cl P value 
Age 1.01 0.90-1.11 0.07 
RBC 1.12 0.03-0.07 0.58 
Hematocrit 1.08 0.68-1.9 0.80 
TNF 3.47 1.05-7.22 0.03 
IL-17A 0.99 1.2-1.56 0.03 

 
To further evaluate the possibility of clinical 

application of plasma TNF and IL-17A as a marker for 
predicting perioperative transfusion, a ROC curve 
was constructed. Perioperative TNF and IL-17A ROC 
curve had an area under the curve of 0.70 and 0.75. 
Balancing sensitivity and specificity, the optimum 
threshold that predicted transfusion were 1.58 for 
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TNF (sensitivity = 76.70%, specificity = 73.30%) and 
38.73 for IL-17A (sensitivity = 72.30%, specificity = 
69.96%). Our results provided evidence that plasma 
TNF and IL-17A levels may be useful as a marker for 
predicting perioperative transfusion. 

3.5 Association of cytokine levels with 
transfusion requirement  

To validate the value of TNF in predicting 
transfusion requirement, the 321 patients were 
divided into two groups: the TNF ≤ 1.58 pg/ml group 
(n= 173) and the TNF > 1.58 pg/ml group (n = 148). 
The data showed that the transfusion rates were 
significantly higher in the TNF ≤ 1.58 pg/ml group 
than in the TNF > 1.58 pg/ml group (70.52% vs 
23.65%, P < 0.01) (Figure 2A). On the other hand, 
patients were also divided into two groups: the 
IL-17A ≤ 38.73 pg/ml group (n=151) and the IL-17A > 
38.73 pg/ml group (n = 170). The data showed that 
the transfusion rates were significantly higher in the 
IL-17A ≤ 38.73 pg/ml group than in the IL-17A > 
38.73 pg/ml group (68.87% vs 31.18%, P < 0.01) 
(Figure 2B).  

Finally, we decided to propose a novel 
predictive marker based on a combined analysis of 
plasma TNF and IL-17A. Patients were divided into 
three groups: Group1: both TNF ≤ 1.58 pg/ml and 
IL-17A ≤ 38.73 pg/ml; Group2: both TNF ≤ 1.58 
pg/ml and IL-17A > 38.73 pg/ml or both TNF > 1.58 
pg/ml and IL-17A ≤ 38.73 pg/ml; Group3: both TNF 
> 1.58 pg/ml and NLR IL-17A > 38.73 pg/ml. The 
transfusion rates were markedly higher in group 1 
than in group 2 and group 3 (83.65%, 43.10% vs 
19.80%, P < 0.001) (Figure 2C). Our results provided 
evidence that plasma TNF and IL-17A levels may be 
useful as a marker for predicting perioperative 

transfusion, the combination of them enlarged the 
prognostic accuracy of testing. 

4. Discussion 
In this study, the authors prospectively 

investigated the influence of preoperative Th1/Th2/ 
Th17 immune response on transfusion need in 321 
consecutive patients undergoing scheduled glioma 
surgery. After analysis of immunological factors and 
laboratory risk factors for blood transfusion, results 
showed that patients with a lower preoperative Th1 
and Th17 response, as assessed by lower TNF and 
IL17A level, had a significantly higher risk for 
receiving red blood cells. Hence, these results 
unveiled a new aspect of relationship between 
transfusion and immune function, and not only 
preoperative anemia and hemostasis markers but also 
preoperative immune response may influence 
perioperative blood transfusion need in glioma 
surgical patients. 

In general, preoperative anemia and hemostasis 
factors determine the risk of perioperative blood 
transfusion. Anemia and impaired hemostasis are 
associated with increased rates of transfusion. In this 
study, there was no difference in Hb, PT, aPTT, and 
platelet count between transfusion and no transfusion 
group. So, there must be some other factors influence 
blood transfusion requirements in glioma 
surgery.Intracranial tumors including glioma are 
invariably infiltrated with various types of immune 
cells, although the blood-brain barrier maintains an 
immune-privileged status of the brain under steady 
state [20, 21]. The Th1and Th2 cells act in an 
antagonistic fashion, the Th1 helper population is 
generally pro-inflammatory and stimulates a 
cell-mediated response. Th2 cells stimulate the 

 
Figure 1. Preoperative Th1/Th2/Th17 cytokines (IL-2, -4, -6, -10, TNF, INF-γ and IL-17A) expression in plasma (*P<0.05, difference between two groups of patients). 
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humoral immune response [20, 21], the balance 
between Th1 and Th2 cytokines is thought to be an 
important factor in terms of tumor progression and 
prognosis. The Th17 cell is involved in much 
autoimmune and infectious pathology. It is also 
associated with the tumorigenesis process and poor 
prognosis of certain tumors [22]. Adoptively 
transferred Th17 cells also impact the immunological 
microenvironment of the glima [22, 23]. In recent 
times, a growing number of studies have showed that 
red blood cell transfusion has been link to 
immunosuppressed phenotype in cancer patients via 
inducing a shift of Th1/Th2 balance toward Th2 
dominance, which leads to poor prognosis including 
glioma [21, 24, 25], but limit studies focus on immune 
status before transfused. 

Our data showed a reduced preoperative Th1 
and Th17 cytokines level may predispose to greater 
red blood cell consumption, and the underlying 
molecular mechanism may be related with 
inflammation-induced thrombosis. Immune response, 
including inflammatory (Th1) and anti-inflammatory 
(Th2) cytokine responses, has been reported to be 
relating to coagulation and bleeding. Increasing 
evidence has shown that inflammatory cytokines, 
such as TNF, have a profound effect on endothelial 
cell injury via regulating endothelial phenotypes, 

modulating the coagulant 
system. In this regard, Santiago 
and his colleagues have also 
identified that patients with a 
lower preoperative Th1 
response, as assessed by a lower 
percentage of TNF producing 
CD4+T cells, had a significantly 
higher risk for receiving red 
blood cells units [13]. During 
inflammation, TNF is in part 
responsible for regulation of 
thrombomodulin, protein C and 
tissue factor expression. 
Thrombomodulin, as a cofactor 
for thrombin, expresses on the 
endothelial surface after trauma. 
The thrombin-thrombomodulin 
complex inhibits coagulation and 
activates the fibrinolytic 
pathway, favoring bleeding via 
activating protein C. Therefore, 
low preoperative counts of TNF 
may result in upregulation of 
activated protein C expression 
and downregulation of tissue 
factor expression, which may 
lead to increased perioperative 
bleeding in predisposed patients 

[13]. IL-17A is the signature cytokine produced by 
TH17 cells and has recently taken center stage in 
pathophysiology of autoimmunity. This cytokine 
plays a pivotal role in inflammation and tissue injury 
and its dysregulation may cause autoimmune 
diseases [23, 26]. IL-17A can induce the expression of 
pro-inflammatory genes and activate coagulation and 
vascular remodeling [27]. Incubation of platelets with 
IL17Apromotes ADP-induced CD62P expression and 
fibrinogen binding, and facilitates their adhesion to 
damaged endothelium as well as to other circulating 
leukocytes ultimately leading to thrombus formation 
[26]. Moreover, IL17A promotes angiogenesis, which 
contributes to later stages of thrombus organization 
[28]. 

Therefore, TNF and IL17A influence transfusion 
need because of their linking with coagulation system 
or platelet aggregation. Additionally, a potential 
TNF-a/IL-17 synergism interaction of the two factors 
has also been shown to play a role in a variety of 
physiological and pathological processes [29]. IL-17 
specifically when combined with TNF has major 
pro-coagulant and pro-thrombotic effects on vessels. 
IL-17/TNF regulated key molecules genes in psoriasis 
pathogenesis, IL-17 and TNF act in a synergistic 
manner to induce a distinct pattern of endothelial 

 
Figure 2.The combination of TNF and IL-17A was found to enhance prognostic accuracy for perioperative transfusion 
requirements. 
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activation that sustains and enhances neutrophil 
influx to sites of inflammation [30]. In our results, 
fortunately, IL-17 and TNF were synergistic factors 
for transfusion need, and the synergism was found 
between two variables. 

Not surprisingly, immunity function of the old 
declined as growing older, the present results also 
showed average age of patients with glioma in 
transfusion group was older than that of patients in 
no transfusion group, and elderly patients with 
glioma had a higher risk of perioperative blood 
transfusion. These results are in agreement with our 
previous work, we have analyzed perioperative blood 
transfusion of brain tumor surgery, we found that the 
number of cancer patients with transfusion increases 
in an age-dependent manner [31]. 

There are potential limitations to this study. 
First, it is a retrospective and single-institution study. 
Thus, our findings need to be further validated with a 
well-designed, prospective study with larger number 
of patients. Second, we only performed association 
analyses between blood cell transfusion need and 
immunological parameters of glioma patients. The 
underlying mechanisms through which immune 
cytokines affect the blood loss have not been clearly 
elucidated and further investigation is needed to 
corroborate these findings. 

In conclusion, our study demonstrates that age, 
TNF and IL-17 are important predictive risk factors 
for perioperative use of red blood cell in glioma, and 
immune response–related variables, in combination 
with other patient and perioperative variables, may 
improve the predictive capacity for transfusion in 
glioma patients. This article provides evidence of low 
levels of immunity resulting in transfusions, and more 
evidence has already shown that transfusions can lead 
to immunosuppression. There may be a positive 
feedback between blood transfusions and reduced 
immune response, and future research should be 
performed for a better comprehension of immune 
balance and transfusion. 
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