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Abstract

Aim: To investigate the association of perioperative blood transfusion (PBT) with oncologic outcomes in patients with renal cell carcinoma

(RCC), we conducted a systematic review and meta-analysis of the literature to clarify the long-term oncologic effect of PBT in patients under-

going nephrectomy for RCC. Materials and methods: We searched the MEDLINE, Web of Science, Cochrane Library and Scopus on 15th

April 2018 to identify studies that compared patients who received PBT undergoing radical or partial nephrectomy for RCC to patients who

did not with the aim of evaluating its impact on overall mortality (OM), cancer-specific mortality (CSM) and disease recurrence using multi-

variable cox regression analysis. Results: A total of 19,681 patients in 7 studies matched the selection criteria for the systematic review and

meta-analysis. All 7 studies were retrospective design and published between 1994 and 2018. Our study included low quality of eligible

studies due to their retrospective design and showed a significant heterogeneity. PBT was associated with OM (pooled hazard ratio [HR],

1.49, 1.24−1.78), CSM (pooled HR, 1.46, 1.20−1.77), and disease recurrence (pooled HR, 1.80, 1.03−3.12). In a subgroup analysis of 3,664

patients with nonmetastatic RCC, PBT was remained associated with OM (pooled HR, 1.91; 1.06−3.41), but not anymore with CSM (pooled

HR, 1.92, 0.94−3.91) or disease recurrence (pooled HR, 2.18, 0.86−5.55). Conclusions: PBT in patients undergoing nephrectomy for RCC is

associated with worse overall survival. While PBT may be reflective of the underlying aggressiveness of the disease, it could be that its detri-

mental effect on outcomes is caused by its negative effect on the host’s resilience.� 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Renal cell carcinoma (RCC) is associated with approxi-

mately 84,400 new cases and leads to 34,700 deaths per

year in the European Union countries alone [1]. Standard
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treatment for most RCC is surgical removal of the primary

tumor [2]. Despite adequate surgery, 10% to 20% of

patients with seemingly localized RCC treated with radical

or partial nephrectomy experience local and/or distant

recurrence [3,4]. RCC is a highly vascular disease with sig-

nificant angiogenetic activity leading potentially higher

blood loss compared to other diseases [5].

PBT has been associated with worse oncologic outcomes

in several malignancies [6-8]. It has been hypothesized that

PBT has an immunosuppressive effect, but the definitive

mechanism underlying this association has not been uncov-

ered yet [9]. In RCC, Soubra et al. reported, in a popula-

tion-based study, that PBT was associated with overall

mortality (OM) and cancer specific mortality (CSM) in

14,379 patients treated with nephrectomy [10]. Several

other studies have provided further evidence on the prog-

nostic value of PBT on RCC outcomes after nephrectomy

[11-20]. However, all studies suffer from common limita-

tions such as single center design, small sample size, short

follow-up and lack of data regarding confounding factors.

No study to date had a prospective controlled design to

allow for robust evidence to change clinical practice. We

hypothesized that PBT might impact prognosis in patients

with RCC after surgical treatment. To elucidate this, we

conducted a systematic review and meta-analysis of the lit-

erature to survey the association of PBT with oncologic

outcomes such as OM, CSM and disease recurrence in

patients who had undergone surgical treatment for RCC.

2. Materials and methods

A completed PRISMA-P 2015 checklist is shown in the

Supplementary table 1 to describe the methodology of our

study clearly. The protocol has also been registered in the

International Prospective Register of Systematic Reviews

database (PROSPERO: CRD42018096910).

2.1. Search strategy

This systematic review and meta-analysis was per-

formed according to the Preferred Reporting Items for Sys-

tematic Reviews and Meta-analyses (PRISMA) statement

[21]. We searched the electronic databases MEDLINE,

Web of Science, Cochrane Library and Scopus on 15th

April 2018 for studies published until March 2018 investi-

gating the impact of PBT on oncologic outcomes in RCC

patients treated with nephrectomy. After a first screening

based on study title and abstract, all papers were assessed

based on full text and excluded with reasons when inappro-

priate; a further check of the appropriateness of the papers

based on full text revision which was performed after data

extraction. Two investigators (T.I. and S.K.) carried out

this process independently. Disagreements were resolved

by a consensus meeting with a third investigator or refer-

ring to senior author (SFS). The following keywords were

used in our search strategy: (“blood transfusion” OR
“perioperative transfusion” OR “blood salvage”) and

(“renal cell carcinoma” OR “RCC” OR “kidney cancer”

OR “renal tumor”) and (“radical nephrectomy” OR “partial

nephrectomy” OR “RN” OR “PN”). Primary outcomes of

our interest were OM, CSM and disease recurrence.

2.2. Inclusion and exclusion criteria

Studies were included if they investigated whether

patients treated with nephrectomy for RCC (Patients) had

received PBT (Intervention) as compared to those who did

not (Comparison) to assess the independent predictive value

of PBT on OM, CSM and disease recurrence (Outcome) uti-

lizing multivariable Cox regression analysis (Study design)

in nonrandomized observational, (or randomize) or cohort

studies. We excluded reviews, letters, editorials, meeting

abstracts, replies from author, case reports and articles not

published in English language. In case of duplicate publica-

tions, either the higher quality or the most recent publication

was selected.

2.3. Data extraction

Two investigators (T.I. and S.K.) independently extracted

the information from the included articles. The information

contained the following characteristics: first author’s name,

publication year, recruitment country, period of recruitment,

number of patients, age, sex, preoperative hemoglobin, oper-

ation type, blood loss, disease stage, follow-up duration, and

PBT rate. Subsequently, the hazard ratios (HRs) and 95%

confidence intervals (CIs) of PBT associated with each of

the outcomes were retrieved. The HRs was extracted

from the multivariable analysis. All discrepancies regarding

data extraction were resolved by consensus with a third

investigator.

2.4. Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to assess

the quality of the included studies according to the

Cochrane Handbook for systematic reviews of interventions

for included non-randomized studies [22]. The scale

focuses on 3 factors: Selection (1−4), Comparability (1−2)
and Exposure (1−3). The total score ranges from 0 (lowest)

to 9 (highest). The main confounders were identified as the

important prognostic factors of OM, CSM and disease

recurrence after radical or partial nephrectomy. The pres-

ence of confounders was determined by consensus and

review of the literature. We identified as “high-quality”

choices those with scores of more than 6.

2.5. Statistical analysis

We performed a forest plot to assess HRs from the multi-

variable analyses of individual studies and obtained a sum-

mary HR of the effect of PBT on mortality and recurrence.
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We also performed subgroup analysis in patients with non-

metastatic disease only, due to the lack of outcome data in

patients with metastatic disease in eligible studies. Hetero-

geneity among the outcomes of included studies in this

meta-analysis was evaluated by using Cochrane Q test and

I2 statistic. P < 0.05 in Cochrane Q test was defined statisti-

cally significant. The ratio >50% in I2 statistic, the sum-

mary HRs and the 95% CI were calculated with random

effects models, whereas these tests were negative for het-

erogeneity, which led to the use of random-effect models

according to the DerSimonian and Laird method. We used

fixed effects models for calculation of pooled HRs through

the inverse-variance method [23-25]. Publication bias was

assessed by funnel plots. Statistical analyses were all per-

formed using Stata/MP 14.2 (Stata Corp., College Station,

TX); statistical significance level was set at P < 0.05.
3. Results

3.1. Study selection and characteristics

Our initial search identified 679 records. After removal

of duplicates, 450 remained (Fig. 1). After screening the

titles and abstracts, 388 articles were excluded. Then, we

assessed full texts for selection leaving 7 studies for the

qualitative and quantitative evidence synthesis including

19,681 patients.
Fig. 1. Flow chart for article selection process to analyze the prognostic

significance of perioperative blood transfusion (PBT) on oncologic out-

comes in patients with renal cell carcinoma treated with nephrectomy.
The baseline characteristics of the 7 studies are outlined

in Table 1. All included studies had a retrospective design

and were published between 1994 and 2018 with 3 being

from Europe, 3 from North America and 1 from Asia. Over-

all, 2,866 of the 19,681 (14.6%) patients received PBT.

Only one study reported only in patients treated with open

radical nephrectomy, the other studies reported in patients

treated with RN or partial nephrectomy (PN) by open or

minimally invasive approach. Four studies reported PBT

rates were 369 of 1671 (22.1%) and 188 of 1064 (17.7%) in

RN group and PN group, respectively. Three studies

reported PBT rates were 480 of 1611 (29.8%) and 117 of

928 (12.6%) in open group and minimally invasive group,

respectively. Preoperative hemoglobin concentration was

reported in 2 studies only; in both studies, the preoperative

hemoglobin of patients in PBT group was less than those in

non-PBT group. Definition of PBT was reported in 3 stud-

ies. Two hundred eighty-nine of the 1,638 (17.6%) patients

reported preoperative distant metastasis in only 3 studies.

The median follow-up duration ranged from 39 to 109

months. Pathological features are summarized in Table 2.

Histological subtype was reported in only 3 studies with

clear cell histology being present 771 of 926 (83.3%)

patients in PBT group and 2,091 of 2,772 (75.4%) in non-

PBT group, respectively. Pathological T stage was reported

in 5 studies, most studies were likely to more advanced T

stage in PBT group. Lymph node metastasis was reported

122 of 1,134 (10.8%) patients in PBT group and 84 of

2,822 (3.0%) patients in non-PBT group, respectively. The

NOS in eligible studies ranged from 5 to 8 and its mean

number was 6.5, which was relatively low score due to their

retrospective design.
3.2. Meta-analysis

3.2.1. Association of PBT with OM

Six studies including 19,423 patients provided data on

the association of PBT with OM. The forest plot (Fig. 2A)

showed that PBT was significantly associated with OM in

RCC patients treated with radical or partial nephrectomy

(pooled HR, 1.49; 95% CI, 1.24−1.78; z = 4.32). The

Cochrane Q test (Chi2 = 12.03; P = 0.034) and I2 test

(I2 = 58.4%) showed significant heterogeneity. The funnel

plot identified 2 studies over the pseudo 95% CI (Fig. 2A).
3.2.2. Association of PBT with CSM

Seven studies including 19,681 patients provided data on

the association of PBT with CSM. The forest plot (Fig. 2B)

showed that PBT was significantly associated with CSM in

RCC patients treated with radical or partial nephrectomy

(pooled HR, 1.46; 95% CI, 1.20−1.77; z = 3.74). The

Cochrane Q test (Chi2= 10.46; P = 0.107) and I2 test

(I2 = 42.6%) did not show significant heterogeneity. The

funnel plot did not identify any studies over the pseudo

95% CI (Fig. 2B).
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3.2.3. Association of PBT with disease recurrence

Four studies including 4,396 patients provided data

on the association of PBT with disease recurrence. The for-

est plot (Fig. 2C) showed that PBT was significantly associ-

ated with disease recurrence in RCC patients treated with

radical or partial nephrectomy (pooled HR, 1.80; 95% CI,

1.03−3.12; z = 2.07). The Cochrane Q test (Chi2 = 19.24;

P = 0.000) and I2 test (I2 = 84.4%) showed significant het-

erogeneity. The funnel plot identified one study over the

pseudo 95% CI (Fig. 2C).

3.2.4. Subgroup analyses

We analyzed studies including exclusively patients with

the nonmetastatic RCC; we excluded studies including met-

astatic RCC patients. Three studies including 3,664 nonme-

tastatic patients reported the association of PBT with

oncologic outcomes. The forest plot (Fig. 3A) showed that

PBT was significantly associated with OM in patients with

nonmetastatic RCC treated with radical or partial nephrec-

tomy (pooled HR, 1.91; 95% CI, 1.06−3.41; z = 2.17). The

Cochrane Q test (Chi2 = 10.22; P = 0.006) and I2 test

(I2 = 80.4%) showed significant heterogeneity. The funnel

plot identified 2 studies over the pseudo 95% CI (Fig. 3A).

The forest plots (Fig. 3B, 3C) did not show any association

of PBT with either CSM (pooled HR, 1.92; 95% CI, 0.94

−3.91; z = 1.79) or disease recurrence (pooled HR, 2.18;

95% CI, 0.86−5.55; z = 1.64) in patients with nonmetastatic

RCC treated with radical or partial nephrectomy. The

Cochrane Q test (Chi2 = 7.35; P = 0.025, Chi2 = 19.02;

P = 0.000) and I2 test (I2 = 72.8%, I2 = 89.5%) for CSM and

disease recurrence, respectively, showed significant hetero-

geneity. The funnel plots for the association with CSM did

not identify any studies over the pseudo 95% CI (Fig. 3B);

for disease recurrence, one study was identified over the

pseudo 95% CI (Fig. 3C).

4. Discussion

We investigate the association of PBT with oncologic

outcomes in RCC patients treated with radical or partial

nephrectomy. To the best of our knowledge, our study is

the first systematic review and meta-analysis evaluating the

association of PBT with oncologic outcomes. We relied on

data from 7 published studies with a combined patient pop-

ulation of more than 19,000 patients. PBT was associated

with significantly increased risks of OM, CSM and disease

recurrence when all RCC patients treated with nephrectomy

were evaluated (i.e., both nonmetastatic and metastatic

RCC). In our review, only 3 studies reported the rate of

patients with distant metastasis and 289 of 1,638 (17.6%)

patients had preoperative distant metastasis. In a subgroup

analysis of these patients with nonmetastatic RCC, PBT

remained associated with an increased risk of OM, but did

not retain its association with CSM or disease recurrence.

The causes underlying these differential associations are



Table 2

Pathological features of patients of the eligible studies included in the systematic review.

Histological subtype (%) Stage (%) Furman grade (%)

Study

year PBT Clear cell Papillary Chromophobe

Sarcomatoid

variant pT1-2 pT3-4 G1 G2 G3 G4 pN1 (%)

Jakobsen

1994

PBT+

PBT¡
NR 43.3

66.0

56.7

34.0

NR 14.8

14.0

Kopp

2013

PBT+

PBT−
80.7 15.5 3.7 5.9 86.6 13.4 23 47.6 24.1 5.3 NR

Linder

2014

PBT+

PBT¡
84.9

74.5

11.2

19.2

3.8

6.3

5.2

1.1

53.8

85.9

46.2

14.1

5.8

8.5

29.7

55.5

50.0

33.0

14.7

3.0

9.4

1.5

Soubra

2015

PBT+

PBT¡
NR 44.6

NR

32.5

NR

12.2

NR

33.8

NR

19.3

NR

5.7

NR

NR

Park

2016

PBT+

PBT¡
82.2

85.0

NR 4.7

4.8

61.2

62.0

38.8

38.0

2.9

2.6

34.3

34.3

46.3

46.2

16.5

16.8

10.4

9.6

Soria

2017

PBT+

PBT¡
75.8

72.5

14.5

18.4

9.7

9.0

NR 51.6

57.8

48.4

42.2

6.5

9.7

64.5

63.0

24.2

22.0

4.8

5.3

3.2

2.6

Abu-Ghanem

2018

PBT+

PBT¡
NR 72.2

78.6

27.8

21.4

9.7

12.0

46.0

59.2

33.5

26.3

10.8

2.5

NR

NR = not reported; PBT = perioperative blood transfusion.
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hypothetical. For example, PBT has been suggested to have

detrimental effects on the human immune system such

as a suppressive transfusion-related immunomodulation

(TRIM). Mechanisms of TRIM include the suppression of

cytotoxic cells and monocytes, the inhabitation of interleu-

kin-2 production and increase in suppressor T cell activity

[26,27]. In addition, hypoxia-induced factor (HIF), which

may be included in preserved allogenic red blood cell

products could promote vascular endothelial and platelet-

derived growth factors, two powerful modulators of angio-

genesis resulting in tumor progression through non-immu-

nogenic mechanisms [28,29]. These explanations for the

mechanisms of PBT affecting oncologic outcomes in RCC

patients are insufficient, because many studies which pro-

posed these explanations were with animal models and no

one mechanism has been identified for this detrimental

effect, likely because multiple mechanisms are involved.

However, in fact, PBT has been reported to be associated

with worse outcomes in other cancers [6,7]. In colorectal

cancer, for example, Acheson et al. reported that PBT was

associated with significantly higher morbidity and mortality

in patients treated with surgery [30]. In bladder cancer,

Wang et al. reported that PBT was also significantly associ-

ated with OM, CSM and disease recurrence in patients

treated with radical cystectomy [31].

Preoperatively identifying patients of an increased risk for

PBT may allow optimal prehabilitation with modern blood

management strategies. Clinicopathologic characteristics

such as performance status, age, preoperative anemia,

advanced tumor stage, and pathologic features were shown

to predict the need for PBT. Vricella et al. reported that

elderly patients and those with comorbidities together with

anemia were more likely to receive PBT during radical or

partial nephrectomy [32]. Xia et al. reported that preoperative
anemia was associated with earlier recurrence and shorter

survival after radical or partial nephrectomy for non-meta-

static RCC [33]. These and other authors suggested that pre-

operative anemia predicts tumor aggressiveness [28,33].

Induced HIF from unavoidable PBT can potentially cause an

unfavorable prognosis [28,29]. Indeed, Linder et al. found

that PBT was significantly related to worse OM after

nephrectomy in non-metastatic RCC patients [13]. The data

from this meta-analysis, consistent with the body of litera-

ture, highlight the association of PBT with worse OM, even

in non-metastatic RCC patients.

Predictive models for both patients with metastatic and

non-metastatic RCC are widely used for clinical decision

making [34,35]. However, there is a non-negligible mis-

classification and underestimation when using these models

are common because of the suboptimal capture of the inher-

ent biological potential of the tumor and its human host [36-

39]. Further studies are, however, necessary to standardize

PBT as a prognostic factor which help clinical decision

making regarding adjuvant therapy, follow up and patient

counseling and to investigate the possible mechanisms

underlying this persistent association.

The present meta-analysis suffers from limitations.

The most important limitation is that all included study

designs were retrospective, resulting in reporting, selec-

tion, confirmation, and measurement bias. In addition,

the variability in operative techniques and patient case

mix may have led to additional bias. For example, the

studies included in the analysis mostly had the risk of the

selection bias of patients’ comorbidity and tumor stage

which influenced the PBT rates leading to worse

oncologic outcomes. Additionally, surgeon’s experiences

also might introduce a confounder. Moreover, PBT defi-

nition was different or not reported in some studies.



Fig. 2. Forest (left) and funnel (right) plots showing the association of PBT with oncologic outcomes: (A) Overall mortality, (B) cancer-specific mortality and

(C) disease recurrence.
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Additionally, the decision for PBT was often based on

the discretion of the clinician (surgeon and/or anesthesi-

ologist) without an adherence to clear and reproducible

criteria for transfusion. Population-based study by Sou-

bra et al. was weighted for a third of the OS and CSM

analysis, which affected these results. In the analysis of

the effect of PBT on OM, CSM and disease recurrence, a

significant heterogeneity was detected. Although the ran-

dom effect model takes into account the heterogeneity

among studies, the conclusions should be interpreted

with caution. In our meta-analysis, funnel plots showed

asymmetry that might result from the reporting bias or
the overestimation of PBT effects on oncologic outcomes

in smaller retrospective studies. Due to small number of

included studies with a limited number of patients, we

were not able to perform subgroup analysis in each

operative approach. Despite these limitations, we con-

firmed the impact of PBT on oncologic outcomes in

patients who have undergone nephrectomy for RCC.

Nevertheless, this can only be construed as hypothesis-

generating and further studies are needed to uncover this

association of PBT with oncologic outcomes in RCC

patients treated with nephrectomy and to develop strate-

gies to counter this detrimental effect.



Fig. 3. Forest (left) and funnel (right) plots showing the association of PBT with oncologic outcomes (nonmetastatic group): (A) Overall mortality, (B) can-

cer-specific mortality and (C) disease recurrence.
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5. Conclusions

This systematic review and meta-analysis shows that

PBT is significantly associated with OM, CSM and disease

recurrence in patients treated with partial or radical

nephrectomy for RCC. In nonmetastatic RCC patients,

PBT is significantly associated with OM, but not anymore

with cancer specific survival outcomes. However, current

data is low quality and there is significant heterogeneity

among included studies. Therefore, our findings should

be validated in prospective cohorts.
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