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INTRODUCTION

Patients undergoing major oncological surgery are at risk 
for severe bleeding and coagulopathy due to the tumour 
biology, pre‑operative cancer therapies (chemo‑radiation 
and immune‑therapies), anatomic features of the 
surgical area  (vascular proximity), complexity of the 
resection, and perioperative factors  (haemodilution, 
hypothermia and metabolic derangements). A  recent 
study reported that the rate of perioperative blood 
transfusions  (BTs) in colorectal cancer and prostate 
patients has decreased from 68.6% to 45.6% over the 
last three decades; however, the rate still remains 
high.[1,2] Anaesthesiologists, surgeons and critical care 
physicians must often make the difficult decision 
on when to administer blood products to patients 
undergoing cancer surgery. Blood products are usually 
administered with two goals:  (1) Improve oxygen 
delivery  (red blood cells  [RBCs]) and/or  (2) correct 
coagulopathies  (platelets, fresh‑frozen plasma  [FFP] 
and cryoprecipitate). In spite of a substantial amount of 
research on the, biological consequences, and clinical 
impact of perioperative blood product transfusions in 
patients undergoing major oncological surgeries, no 
clear indications or consensus guidelines exist.

One of the immediate biological consequences of the 
administration of packed RBCs, FFP and/or platelets 
is immune suppression; a phenomenon that has 
been termed transfusion‑related immune modulation 
[TRIM]. It has been hypothesised that TRIM can have 
a negative impact on short and long‑term surgical 
outcomes in patients who are transfused compared to 
those who have not received blood products.

In the present review article, we will comment 
on: (1) the current indications for perioperative blood 
product transfusions in patients undergoing cancer 
surgery, (2) TRIM and (3) the impact of BT on long‑term 
oncological outcomes, specifically cancer recurrence 
and mortality.

PERIOPERATIVE BLOOD TRANSFUSIONS IN CANCER 
PATIENTS: THE INDICATIONS TO TRANSFUSE

The prevalence of anaemia in cancer patients ranges 
from 30% to 90%.[3] Perioperative cancer‑related 
anaemia can result from diminished production, 
increased destruction, or loss of RBCs [Table 1]. Their 
production may be reduced due to chemotherapeutic 
agents, radiation therapies, chronic renal disease, iron 
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deficiency, and myelodysplasia or bone metastasis. 
Patients with myelo‑  and lymphoproliferative 
disorders can be anaemic due to increased haemolysis 
or hypersplenism as a consequence of cirrhosis 
and portal hypertension. Finally, blood loss and 
haemodilution are perhaps the most common 
causes of anaemia during and following cancer 
surgery.[4] Although healthy subjects are able to tolerate 
haemoglobin (Hb) values below 6 g/dL, older patients 
and those with significant comorbidities present an 
increased risk of mortality with Hb concentrations of 
8  g/dL or lower. Most guidelines, therefore, suggest 
that BTs should be administered to maintain a Hb 
level between 6.0 and 10  g/dL. Hence, patients’ age, 
comorbid burden, haemodynamic and oxygenation 
status, pre‑operative Hb levels, and the complexity of 
surgical intervention  (propensity for post‑operative 
anaemia and degree of surgical stress response) should 
be taken into consideration before transfusing cancer 
surgical patients.

Patients with cancer can also present disorders of the 
haemostatic function because the tumour per se can 
induce activation of the coagulation system resulting 

in a chronic hypercoagulable state, a thrombolytic 
state, or a condition of chronic disseminated 
intravascular coagulation  (DIC). Thrombocytopenia 
is a common disorder in cancer patients, mainly in 
those with myelosuppression. Other mechanisms of 
thrombocytopenia in this population include increased 
destruction  (immune and non‑immune), decrease 
production, sequestration and dilutional. Dilutional 
thrombocytopenia  (infusion of crystalloids and blood 
products) and DIC are the most common causes 
of a low count of platelets during and after cancer 
surgery.[5] The indications for platelet administration 
to patients undergoing oncological procedures depend 
on the number of circulating platelet and the clinical 
judgment of perioperative physicians. In patients 
with haematologic malignancies the trigger threshold 
for prophylactic transfusion is 20,000 platelets/μL; 
however, it has been indicated that in patients not 
taking aspirin a count of 10,000 platelets/μL could 
also be used as a trigger. It is commonly accepted 
that patients with 50,000 platelets/μL or more could 
have surgery ‘safely’; unless other disorders in the 
coagulation system exists including the presence of 
platelet inhibitors or consumption coagulopathy (DIC) 

Table 1: Mechanisms of perioperative cancer‑related hematologic disorders
Haematological disorder Pre‑operative Intraoperative Post‑operative
Anemia Increased destruction

Haemolytic anemia
Haemophagocytosis

Diminished production
Myelotoxicity
Inflammation
Low erythropoietin

Increased blood loss

Haemodilution
Increased blood loss

Diminished production
Haemodilution
Increased blood loss

Platelet disorders Increased destruction
Immune‑mediated
Non‑immune mediated

Decreased production
Myelotoxicity
Tumor infiltration
Radiation
Infections

Sequestration
Hypersplenism

Dysfunction
Medications

Dilutional Dilutional
Increased destruction

Immune‑mediated
Non‑immune‑mediated

Coagulopathy Factor deficiency/consumption
Liver failure
Medications
DIC/sepsis
Inherited disorders

Factor inhibition
Medications
Soluble inhibitors

Factor deficiency/
consumption

Dilutional
DIC

Factor deficiency/consumption
Dilutional
DIC

DIC – Disseminated intravascular coagulation
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and does not involve high risk surgery for closed cavity 
bleeding (i.e., neurosurgery).[6]

Coagulation disorders as a consequence of alterations 
in the so‑called intrinsic or extrinsic ‘pathways’ or at 
the level of any of the ‘phases’ (initiation, amplification 
and propagation) of the cell‑based model of haemostasis 
can be found in patients who undergo cancer‑related 
surgery. Blood products such as FFP and cryoprecipitate 
are commonly administered to cancer patients with the 
goal of preventing bleeding and correcting abnormal 
coagulation in those acutely bleeding. In the pre‑operative 
period patients may present with abnormalities in 
the haemostasis as a result of the administration of 
anticoagulants (warfarin, unfractionated or low molecular 
heparin and factor Xa inhibitors) or cancer‑related 
complications  (sepsis, DIC and primary fibrinolysis). 
Intra ‑ and post‑operatively, coagulopathy is the result 
of haemodilution or consumption of factors as can be 
observed during sepsis and less commonly with prostate 
and neurosurgical procedures. Consensus on the trigger 
‘threshold’ to start the administration of products like FFP 
or cryoprecipitate is still lacking in the surgical oncology 
literature; however, it is worth remembering that clinical 
studies demonstrate that the expected correction (per unit 
of FFP administered) in the international normalized ratio 
is minimal when pre‑transfusion values are minimally 
elevated. This suggests that patients who really benefit 
from the administration of FFP are those who present 
serious coagulation abnormalities.

Taking all together, a large number of patients 
undergoing oncological procedures will come to 
the operating room with some degree of anaemia 
and/or coagulopathy of multifactorial origin. However, 
intraoperative haemodilution and consumption of 
factors are the most common causes of anaemia and 
coagulopathy post‑operatively. Unfortunately, no clear 
triggers have defined to correct perioperative anaemia 
or disorder in the coagulation pathways.

PERIOPERATIVE BLOOD TRANSFUSIONS IN CANCER 
PATIENTS: THE BIOLOGICAL CONSEQUENCES

The administration of blood products has been 
associated with profound negative effects on the 
immune system. At cellular level, some of the features 
of TRIM are: (a) a reduction in the function of natural 
killer (NK) cells, (b) a decrease in the proliferation of T 
and B lymphocytes, (c) induction of T regulatory cells 
and (d) a decrease in maturation and antigen presenting 
activity of dendritic cells.[7] Some of the described 

cellular and humoral alterations observed after BT 
are more exaggerated following the administration of 
‘older’ blood units (storage lesion) since the exposure 
of lymphocytes to fresh blood does not affect their 
proliferative activity. To further illustrate some of the 
effect of BT on cellular immunity, Guo et al. recently 
demonstrated that the administration of allogeneic 
blood to patients undergoing gastrointestinal surgery 
caused a significant decrease in the number of NK 
cells that was not observed in patients who received 
autologous blood.[8] Most of the changes described at 
the cellular levels are the result of the infusion into the 
recipient of high concentrations of interleukins (IL‑1β, 
IL‑6, IL‑8), chemokines, prostaglandin E, thromboxanes, 
histamine, leukocytes  (in non‑leucoreduced units 
or residual leukocytes in leucoreduced units), 
growth factors  (transforming growth factor‑β  [TGF‑β] 
vascular endothelial growth factor  [VEGF] and 
epidermal growth factor, fibroblast growth factor 
and platelet‑derived growth factor), non‑polar lipids, 
proinflammatory lysophosphatidylcholines, CD40 
ligand and microparticles present in RBCs, platelets or 
FFP units [Figure 1].[9]

Transfusion‑related immune suppression can be 
mechanistically divided in two different types: 
(1)  donor-specific transfusion and  (2) ‘generalised’ 
transfusion‑related immune suppression. 
The former primarily suppress the adaptive 
immunity (lymphocytes T and B) and has been related 
to microchimerism, veto cells and cytokines; in 
contrast, the ‘generalised’ form appears to be mediated 
by macrophage and neutrophils, and has a significant 

Figure 1: Possible mechanisms associated with tumor growth and 
spread after blood products administration
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suppressive impact on the innate immunity. It has 
been proposed that infections and cancer recurrence 
would be a consequence of the ‘generalised’ 
transfusion‑related immune suppression rather than 
the donor‑ specific form.[10] The timing of transfusion 
may also have different effects on the inflammatory 
and immune response. Thus, when blood products 
are administered during or immediately after 
surgery  (‘second hit’‑first hit being surgical trauma), 
the so‑called systemic inflammatory response 
syndrome can be further exaggerated by transfusions 
delaying mechanisms of resolutions of inflammation, 
which can also participate in the pathogenesis of 
transfusion‑related adverse outcomes.[11]

The administration of blood products might promote 
tumour growth and spread not only by inducing 
immune suppression but also facilitating the 
proliferative and metastatic properties of cancer cells 
via the action of angiogenic and oncogenic factors 
accumulated during the period of storage.[12] It has been 
indicated that during storage, 10-15% of the stored 
platelets become active and able to release growth 
factors.[13] TGF‑β, is one of the stimulating factors that 
is found in high levels in platelet concentrates; in vitro 
studies indicate that when supernatants of stored 
blood products are added to cultured cancer cells, 
the growth of these cells is stimulated at a faster rate 
than those non-treated with supernatant. In a similar 
manner, the supernatant of stored blood products 
promoted the cell growth (vascular mimicry) of head 
and neck cancer cells, which was inhibited when the 
cancer cells were cultured with anti‑VEGF antibody.[14]

In summary, the transfusion of blood products may 
facilitate cancer growth and spread by a direct effect 
or indirect effects (immune suppression).

PERIOPERATIVE BLOOD TRANSFUSIONS IN CANCER 
PATIENTS: THE CLINICAL IMPACT

Several authors have tried to demonstrate causality 
or association between the administration of blood 
products in the perioperative period and cancer 
recurrence or cancer‑related mortality. In 2006, a 
meta‑analysis by Amato and Pescatori demonstrated 
that transfusions of RBCs were an independent factor 
for colorectal cancer recurrence.[15] More recently, a 
larger meta‑analysis  (n = 20,795) that included data 
from randomized controlled trials and retrospective 
studies (and a moderate degree of heterogeneity for all 
outcomes) confirmed the findings reported by Amato 

and Pescatori. That study showed that transfused 
patients had higher risk for all‑cause mortality (odds 
ratio  [OR]: 1.72), cancer‑related mortality  (OR: 1.71) 
and recurrence‑metastasis‑death (OR: 1.66) compared 
to non‑transfused controls.[1] BTs are also commonly 
given to patients who undergo liver resections for 
hepatocellular carcinoma. A  recent meta‑analysis 
of retrospectives studies that included data from 
5635  patients indicate that patients who received 
allogeneic RBCs perioperatively had a 16% and 
60% higher risk of mortality and cancer recurrence 
than those non‑transfused during the 5  years after 
surgery. The authors reported that a significant 
heterogeneity across the studies was found for tumour 
recurrence but not for mortality.[16] In agreement 
with the results in colorectal and hepatocarcinoma 
patients, Yao et  al. reported that the relative risk of 
an adverse outcome  (5  years survival) was 2.55 in 
those patients with ampullary cancer of pancreas who 
received intraoperative allogeneic BTs compared to 
non‑transfused patients.[17] RBC transfusions are also 
associated with worse outcomes in lung cancer patients. 
A meta‑analysis (n = 5915) by Luan et al. also found 
that those patients who received RBCs transfusions 
had a 25% and 42% increased risk of mortality and 
cancer recurrence than those not transfused. It is worth 
noticing that the heterogeneity (I2) across studies was 
significantly high for both outcomes.[18]

Several retrospective studies have addressed the 
question of whether BTs are associated with a higher 
risk of cancer recurrence after prostate cancer surgery. 
In a recent study, Yeoh et  al. reported that patients 
(n = 379) who received allogeneic non‑leucoreduced 
RBCs perioperatively  (mostly post‑operatively) 
did not have a higher risk of systemic progression, 
prostate cancer‑related death or all‑cause death than 
non‑transfused patients (n  =  758).[19] In a similar 
manner, Boehm et  al. could not find an association 
between BT and biochemical cancer recurrence.[2] One 
retrospective study addressed the question of whether 
the ‘storage age’ of RBCs influenced biochemical 
recurrence after prostate cancer surgery. The authors 
could not show an association between the age of the 
blood and worse oncological outcomes.[20] In patients 
with renal cancer, the results from the current studies 
are conflicting.[21‑23] The largest study  (n  =  2318), 
although retrospective, showed an association 
between allogeneic BT and shorter overall survival, 
but no change in recurrence‑free or cancer‑specific 
survival.[24] The rate of BT during and after cystectomies 
can be as high as 60%. Three retrospective studies 
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tried to address the possible association between 
BT and shorter RFS, CSS and/or OS but only two of 
them demonstrated that patients who were transfused 
perioperatively had a significantly higher risk for 
recurrence  (hazard ratio  [HR]: 1.2), cancer‑related 
mortality  (HR: 1.31) and/or all‑cause mortality  (HR: 
1.27) compared with non‑transfused patients.[25‑27]

The results of studies in gynaecological cancers are 
mixed. Tumour staging or quality of post‑operative 
cytoreduction might be more important predictors of 
mortality and cancer recurrence than BTs per se. Two 
retrospective studies have investigated the association 
between perioperative BTs and ovarian cancer 
recurrence; in the de Oliveira et al. study the authors 
found an increase risk (OR: 1.62) for cancer recurrence 
after allogeneic BT but one argument against this work 
is that the authors did not adjust for residual disease 
after surgery.[28] When, the post‑operative residual 
disease was taken into consideration, BTs were not an 
independent risk factor for cancer recurrence.[29]

Currently, there is no compelling evidence to conclude 
that the transfusion of FFP or platelet concentrates 
to patients undergoing cancer surgery worsens 
oncological outcomes. Only a small retrospective study 
in which patients were given platelet concentrates 
during surgery for the hepatic adenocarcinoma had a 
higher risk of recurrence.

Summarising, perioperative allogeneic BTs are 
associated with poor oncological outcomes in patients 
with colorectal, lung and hepatobiliary cancers. It 
remains controversial in ovarian, renal and bladder 
cancers. No clear association has been found after 
prostate cancer surgery.

CONCLUSION

The indications for perioperative administration 
of blood products in the context of oncological 
surgery should be targeted to improve the delivery of 
oxygen and correct clinically relevant abnormalities 
in the coagulation system. Protocols created by a 
multidisciplinary team of perioperative physicians 
with the goal of adequately managing blood product 
transfusions should be instituted in hospitals that 
take care of cancer patients. To date, there is not a 
specific transfusion trigger; however, minimising 
perioperative blood loss and use of technologies to 
guide fluid administration and appropriately assess 
the coagulation system are warranted.
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