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Abstract

Colorectal cancer is among the most prevalent worldwide. In Mexico, it represents one of the most common causes of death.
A high percentage of oncologic patients will suffer anemia during the disease, thus, perioperative blood transfusion (PBT)
is @ common practice. A known effect of PBT is its negative immunomodulation. Both, anemia and PBT have been associa-
ted with recurrence and mortality in oncologic patients, with the colorectal cancer group been the most affected. Thanks to
surgical development and minimally invasive techniques, the volume of blood losses has been reduced. Also, current restric-
tive transfusion strategies have allowed a decrease in intraoperative use of red blood concentrates during the last decades.
The decision to transfuse most not be based in hemoglobin. Currently there is no one single criteria that can be used as a
sole indication to transfuse.
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Introduction

Colorectal cancer is one of the most prevalent ma-
lignancies world-wide'. It is the third most commonly
diagnosed cancer and the second one in women, with
1.4 million cases and 693,000 deaths being estimated
in 20122, In our country, it is at third place in frequency
for both genders, with an estimated mortality of 6%°.

Anemia occurs in up to 50% of cancer patients so-
metime during the course of their disease*. Up to 40%
of oncologic patients experience cancer-associated
anemia that requires preoperative blood transfusion®.

In the USA, 19.8% of transfused blood products in
2011 are estimated to have been used in patients un-
dergoing surgical procedures®. Approximately 15.1% of
resources in blood products are assigned to patients
with hematologic/oncologic pathologies’.

Red blood cell concentrates perioperative transfusion
has been reported in up to 85% of patients with colo-
rectal cancer®.

Clinical evidence on blood transfusion-associated im-
munomodulation has been available since 1973, in the
study conducted by Opelz et al., where they confirmed
that receptor patients who were transfused with alloge-
neic blood had renal graft better functioning®. Gantt
suggested the possibility of transfusion-associated im-
munomodulation affecting cancer patients’ prognosis'®.
In 1982, Burrows and Tartter were the first ones to
propose a relationship between allogeneic transfusion
and prognosis in patients with colon cancer.

Anemia in the oncologic patient

Anemia, both at initiation and in the course of disea-
se, is of multifactorial origin. It can be due to a combi-
nation of factors such as iron deficiency, occult gas-
trointestinal bleeding, systemic inflammation with high
levels of hepcidin, or secondary to chemotherapy'.

Wu et al. observed an association between preope-
rative anemia and worse outcomes after non-cardiac
major surgery®.

Leichtle et al. studied the role of preoperative anemia
in patients undergoing colorectal surgery. They inclu-
ded 23,348 patients of the National Surgical Quality
Improvement Program® (NSQIP) database undergoing
colectomy, and found that anemia is an independent
risk factor for the presence of complications (severe:
RR = 1.83, moderate: RR = 2.19, mild: RR = 1.49)".

The hemoglobin concentration that is associated with
higher morbidity and mortality in the surgical oncologic
population appears to be 8 g/dL. The probability of

death in the perioperative period increases 2.5-fold with
each gram of hemoglobin under 8 g/dL".

Transfussion and immunity

It is an acknowledged phenomenon that blood pro-
ducts administration has deep negative effects on the
immune system, a condition that is known as transfu-
sion-related immunomodulation (TRIM). The TRIM me-
chanisms include cytotoxic cells and monocyte activity
suppression, immunosuppressant prostaglandins re-
lease, inhibition of interleukin 2 (IL-2) production and
increase in T cells suppressing activity'>'¢ (Table 1).

Transfusion in the course of disease

Vamvakas et al. studied transfusion in patients un-
dergoing elective colorectal resection, and found that
the risk of postoperative infection increases by 14% per
transfused packed red blood cell unit"”.

In a NSQIP review that included 38,926 patients un-
dergoing oncologic surgery, intraoperative transfusion
was found to be associated with higher 30-day morta-
lity, increased complications and prolonged hospital
stay'®.

Acheson et al., in a systematic review that included
20,795 patients with colorectal cancer undergoing sur-
gery, found that allogeneic transfusion of packed red
blood cells was associated with higher mortality, higher
disease recurrence and prolonged hospital stay'®.

In a study that included 597 patients undergoing sur-
gery for rectal cancer, Jagoditsch et al. found higher
60-day mortality in patients who were transfused with
more than 3 packed red blood cell units during the pe-
rioperative period. The number of units or the type of
transfusion (autologous or allogeneic) did not influence
on local recurrence, distant metastasis or recurren-
ce-free period®.

Gunka et al. found that patients receiving 3 or more
units of packed red blood cells had significantly lower
5-year survival, shorter disease-free period and higher
incidence of distant recurrence?'.

Kneuertz et al., in their retrospective study of 220 pa-
tients undergoing pancreaticoduodenectomy,  found
that 67% were transfused in the perioperative period,
with this group being the one that had shorter recurren-
ce-free time and lower survival. According to timing,
patients who were postoperatively transfused were as-
sociated with the worst outcomes?®.

Warschkow et al., in a study that included 401 pa-
tients with stage | to Ill rectal cancer undergoing
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Table 1. Biological mediators related to post-transfusion
immunomodulation and tumor growth

Biological mediator Tumor activity

Cytokines
TH1 (IL-2, IFN-y) Anti-tumor
TH2 (IL-4, IL-5, IL-10) Pro-tumor
Eicosanoids
Thromboxane A3 Pro-tumor
PGE2, PG12 Pro-tumor
Growth factors
TGF-B Pro-tumor
VEGF Pro-tumor
PGDF-D Pro-tumor
IGF Pro-tumor

IFN: interferon; IGF: insulin-like growth factor; IL: interleukin; PG: prostaglandin;
PGDF: platelet-derived growth factor; TH: T helper lymphocyte; TGF: transforming
growth factor; VEGF: vascular endothelial growth factor. Adapted from Cata JP
etal.'>

curative resection with a mean follow-up of 34.2 mon-
ths, found that blood transfusion was associated with
a 119% higher mortality risk (HR = 2.19); however, in
their propensity analysis, blood transfusion did not in-
crease the mortality risk (HR = 1.02), thus concluding
that oncologic negative results in patients who received
blood transfusion were the consequence of the circum-
stances that drove to the need of transfusion?.

In a cohort study carried out in Sweden that included
patients with stage I-lll colorectal cancer undergoing
curative surgery, preoperative anemia was found to
increase the mortality risk (HR = 2.1), without being
associated with the risk for recurrence?. In the case of
blood transfusion, no association was found with mor-
tality or recurrence risk®.

Transfusion tendency over time

Thanks to the advances in surgical techniques, cu-
rrently minimally invasive, a decrease in intraoperative
blood loss has been achieved. This, together with a
tendency towards more restrictive transfusion strate-
gies, has reflected in less perioperative transfusions
in cancer patients. In the study by Acheson et al., a
change in transoperative transfusion tendency was
observed, which was at 68.6% in 1980-1989, 59.9%
in 1990-1999 and 45.6% in 2000-2009"°. Jago-
ditsch et al. report a decrease in perioperative trans-
fusion, which went from 84% in 1984-1990 to 58% in
1997-2003°°.

Anemia, transfusion and recurrence

The combination of perioperative moderate-to-severe
anemia and blood transfusion induces changes in se-
veral physiological processes’ homeostasis, including
endothelial function, complement activation, inflam-
matory response and immune function. All this has
been associated with cancer recurrence'.

Recurrence depends on preoperative nutritional sta-
tus, performance status, presence of anemia, type and
stage of the tumor, resectability degree, duration and
type of anesthesia, blood loss, perioperative response
to surgical stress and on the presence of postoperative
complications.

Recent interest on perioperative anesthetic manage-
ment in the oncologic patient has focused on strategies
and protocols that include regional anesthesia, decrea-
sed use of inhaled anesthetics and opioids and blood
transfusion goals, which can influence on  tumor
spread’®.

Approximately 90% of cancer deaths are secondary
to primary tumor dissemination and metastasis’®.

In a meta-analysis that evaluated the role of periope-
rative blood transfusion in colorectal cancer recurren-
ce, Amato and Pescatori found an odds ratio (OR) of
1.42 for recurrence in transfused patients. The risk was
higher according to the number of transfused units: with
1-2 units, OR was 1.4; with 3-4 units, OR was 1.69 and
with more than 5 units, OR was 2.02. Transfusion ti-
ming (preoperative, intraoperative or postoperative)
showed no difference in the risk of recurrence (30%,
32% and 30%, respectively?.

Current evidence indicates that perioperative blood
transfusion is associated with recurrence in patients
with colorectal, lung and hepatobilliary cancer. In the
setting of prostate cancer, the association is weak or
inexistent. In other types of cancer, evidence is still
inconclusive®® (Fig. 1).

Transfusion strategies

The decision to transfuse should not be based on
hemoglobin concentration. Currently there is not a sole
criterion that can be used as an indication to transfuse.
In general terms, the indications for packed red blood
cells transfusion include the treatment of tissue hypoxia
secondary to low hemoglobin levels, acute anemia
owing to trauma or surgical bleeding, anemia in pa-
tients receiving chemotherapy and chronic anemia-as-
sociated cardiovascular decompensation®”.
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Risk of recurence

Figure 1. Risk of recurrence in case of transfusion according to current evidence (adapted from Velazquez JF et al.?).

Prescott et al. studied the safety and efficacy of
transfusion restrictive strategies in a meta-analysis that
included surgical and non-surgical oncologic patients,
and found that 36% less perioperative transfusion was
achieved with such a strategy, with no statistically sig-
nificant difference in 30-day mortality in comparison
with a liberal strategy?.

In a double-blind, randomized, controlled study that
included patients admitted to an intensive care unit
after having undergone abdominal oncologic surgery,
Almeida et al. found a lower incidence of complications
at 30 days in the liberal transfusion group (Hb < 9 g/dL)
in comparison with the restrictive transfusion group (Hb
< 7 g/dL) (19.6% vs. 35.6%). Another important finding
was that 60-day mortality was lower in the liberal trans-
fusion group®.

In spite of the elevated prevalence of anemia and of
the liberal use of transfusion in several oncologic stu-
dies, there is limited information justifying anemia co-
rrection by means of blood transfusion®’.

Conclusion

Blood transfusion during the perioperative period re-
mains a subject of debate because the best indicator
to transfuse has not yet been established. In the case
of the oncologic patient, evidence remains controver-
sial, although, in colorectal cancer, most studies point
at this being the most affected group by the practice of
transfusion. Further studies are required, especially of
the prospective nature, to enable having more consis-
tent evidence on the deleterious effects of blood
transfusion.
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