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H I G H L I G H T S

• We review the incidence and prognosis of anemia in the cancer patient.
• We present indications and risks for red blood cell transfusion.
• We describe peri- and intra-operative management of blood.
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Anemia, which is highly prevalent in oncology patients, is one of themost established negative prognostic factors
for several gynecologic malignancies. Multiple factors can cause or contribute to the development of anemia in
patients with gynecologic cancers; these factors include blood loss (during surgery or directly from the
tumor), renal impairment (caused by platinum-based chemotherapy), and marrow dysfunction (from metasta-
ses, chemotherapy, and/or radiation therapy). Several peri- and intra-operative strategies can beused to optimize
patient management and minimize blood loss related to surgery. Blood transfusions are routinely employed as
correctivemeasures against anemia; however, blood transfusions are one of the most overused healthcare inter-
ventions. There are safe and effective evidence-based blood transfusion strategies used in other patient popula-
tions that warrant further investigation in the surgical oncology setting. Blood is a valuable healthcare resource,
and clinicians can learn to use it more judiciously through knowledge of the potential risks and complications of
blood interventions, as well as the ability to properly identify the patients most likely to benefit from such
interventions.
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1. Anemia in the cancer patient

1.1. Prevalence and pathogenesis

Secondary to disease progression or as a consequence of treatment,
many cancer patients will require blood products at some point during
their continuumof care. This need for blood often coincideswith the de-
velopment of symptomatic anemia. According to the World Health Or-
ganization, a hemoglobin (Hb) level ≥ 12 g/dL (120 g/L) is considered

normal in non-pregnant women. Mild, moderate, and severe anemia
are identified at Hb levels of 11.0–11.9, 8.0–10.9, and b8.0 g/dL, respec-
tively [1]. While numerical cutoffs do not reflect patient comorbidities,
which contribute significantly to the variation in symptomatology,
they are the main parameters used to guide transfusion practice. N-
6 million units of red blood cells (RBCs) are transfused in the United
States annually, at an estimated cost of $1600–$2400 per transfusion
event [2–4]. Oncology patients account for 34% of this blood supply
use and cost [5].

Clinicians use low Hb concentration or low hematocrit as the com-
plete blood count parameters to define anemia. Symptoms are depen-
dent upon the degree of anemia and the rate at which it develops. The
reduction of Hb concentration to 5 g/dL maintains adequate tissue
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oxygen delivery in healthy resting adults, with symptoms occurring
onlywhen the Hb concentration drops below this level. In the postoper-
ative setting, Hb levels of 7.1–8.0 g/dL have a low risk of death, with the
mortality rate rising to 34.4% with Hb levels of 4.1–5.0 g/dL [6]. There
are several compensatory mechanisms in response to anemia, such as
increased heart rate, increased respiratory rate, and a right shift of the
oxygen-dissociation curve, all with the goal to maintain adequate
oxygen delivery to the tissue. The main symptoms of anemia, such as
dyspnea, palpitations and fatigue, are manifestations of these compen-
satory mechanisms. Functional impairment and a decline in subjective
well-being are also highly distressing symptoms that are detrimental
to a patient's quality of life and affect their ability to tolerate cancer
treatments.

Multiple factors can cause or contribute to anemia in the oncology
setting. Patients should undergo a basic work-up to identify possible
causes. The work-up should include reticulocyte, creatinine, iron
(serum iron, total iron-binding capacity, transferrin saturation, and
serum ferritin), B12, and folate measurements [7]. Cancer-related ane-
mia (CRA),which can occur in patients withmalignancies, is considered
a cytokine-mediated process between tumor cells and the immune sys-
tem, with an overexpression of certain pro-inflammatory cytokines,
specifically interleukin-1 (IL-1) and tumor necrosis factor (TNF). These
cytokines have been shown to impair iron utilization, suppress ery-
throid maturation, and reduce erythropoietin (EPO) production [8]. In
CRA, hepcidin, an iron regulatory peptide, is upregulated and inhibits
the transport of iron viamacrophages in the duodenum, decreasing gas-
trointestinal absorption and the accessibility of stored iron. CRA is typi-
cally a normochromic, normocytic anemia associated with a low
reticulocyte count.

The European Cancer Anemia Survey (ECAS), which was conducted
across 24 European countries and 748 cancer centers, assessed N13,600

patients for the incidence and prevalence of anemia across various can-
cer types and stages of treatment. In the study, anemia was defined as
an Hb level b 12.0 g/dL. Gynecologic malignancies accounted for 11.6%
of all cases. The ECAS found a prevalence of anemia of 39.3% and 67.0%
at enrollment and during the survey, respectively.When looking specif-
ically at patients with gynecologic cancers, 48.1%were anemic at enroll-
ment, of which only 42.7% ever received treatment for their anemia [9].
In gynecologic malignancies, the most common factors associated with
the development of anemia are blood loss (during surgery or directly
from the tumor), renal dysfunction (secondary to platinum-based che-
motherapy), andmarrowdysfunction (frommetastases, chemotherapy,
and/or radiation) (Fig. 1).

1.2. Prognosis

In a systematic review assessing anemia as an independent prognos-
tic factor for survival in patients with various cancers, Caro et al. noted
reducedmedian survival times of 20% to 43% across cancer types in ane-
mic patients compared to thosewithout anemia, with an overall adjust-
ed HRR of 1.65 (aHRR, 1.19–1.75) [10]. Findings from a systematic
review by Knight et al. showed that nearly all studies reported an asso-
ciation between anemia and decreased survival or increased mortality
for multiple cancer types. The authors cautioned that the relationships
between anemia and disease progression, treatment response, and
overall survival may not be causal, as these findings were based on ob-
servational studies [11].

There is abundant evidence establishing anemia as one of the most
prevailing prognostic factors in patients with cervical cancer (Table 1)
[12–28]. Most published studies exploring this relationship are retro-
spective and include patients who had undergone some form of radia-
tion therapy. This poses a confounder on prognosis, since anemia may

Fig. 1. The multi-factorial pathogenesis of anemia in the cancer patient IL-1 – Interleukin 1; TNF – tumor necrosis factor; EPO – erythropoietin.
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