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Abstract
Purpose The decision to prescribe packed red blood cell (PRBC) transfusions in patients with chemotherapy-induced anemia
(CIA) includes assessment of clinical features such as the patient’s cancer type and treatment regimen, severity of anemia
symptoms, and presence of comorbidities. We examined contemporary transfusion practices in patients with nonmyeloid cancer
and CIA.
Methods Key inclusion criteria were age ≥ 18 years with nonmyeloid cancer, receiving first/second-line myelosuppressive
chemotherapy, baseline hemoglobin (Hb) ≤ 10.0 g/dL, and planned to receive ≥ 1 PRBC transfusions. Exclusion criteria were
receipt of erythropoiesis-stimulating agents within 8 weeks of screening and/or chronic renal insufficiency. Data were collected
from patients’medical records, laboratory values, and physician/provider questionnaires. Proportion of patients for each clinical
consideration leading to a decision to prescribe a PRBC transfusion and 95% exact binomial confidence intervals were
determined.
Results The study enrolled 154 patients at 18 sites in USA; 147 (95.5%) received a PRBC transfusion. Fatigue was the most
common symptom affecting the decision to prescribe a PRBC transfusion (101 [69.2%] patients). Of the three reasons selected as
primary considerations for prescribing a PRBC transfusion, anemia symptoms (106 [72.1%] patients) was the most frequently
reported, followed by Hb value (37 [25.2%] patients) and medical history (4 [2.7%] patients).
Conclusions In this study, the primary consideration for prescribing a PRBC transfusion was anemia symptoms in 72.1% of
patients, with only 25.2% of patients prescribed a transfusion based exclusively on Hb value. Results indicate that clinical
judgment and patient symptoms, not just Hb value, were used in decisions to prescribe PRBC transfusions.
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Introduction

Chemotherapy-induced anemia (CIA) often develops in pa-
tients with cancer who are treated with myelosuppressive che-
motherapy [1–3] and can be associated with diminished phys-
ical functioning, poor prognosis, and decreased quality of life
[4, 5]. Transfusion with packed red blood cells (PRBCs) is a
key supportive measure in the care of patients with CIA [3],
offering the benefit of rapid correction of anemia in these
patients.

In general, the uses and indications for transfusion therapy
have changed over the last few years with a shift toward a
more restrictive transfusion policy [6, 7]. In clinical practice,
any attendant comorbidities or treatment that a patient is
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receiving should also be considered in the decision onwhether
or not to prescribe a blood transfusion, especially for cancer
patients receiving chemotherapy [2, 3, 8–10]. Additionally,
the benefit of a blood transfusion has to be balanced with
known risks that include the potential for transfusion-related
reactions such as transfusion-associated circulatory overload,
transfusion-related acute lung injury, allergic reaction, and fe-
brile nonhemolytic transfusion reaction [7, 11–13] and the
potential for transmission of blood-borne pathogens [14].
Other factors to consider include time constraints associated
with administration of transfusions [15], the inconvenience to
both patients and healthcare professionals [16], and the asso-
ciated costs [17, 18].

Current cl inical guidel ines from the Nat ional
Comprehensive Cancer Network (NCCN) [3] support a re-
strictive transfusion policy for cancer-related anemia that
limits the use of transfusions to achieve a hemoglobin (Hb)
concentration of ≥ 7 g/dL but acknowledge that transfusion
may be reasonable when patients exhibit anemia symptoms
or when patients have comorbidities such as cardiac disease,
chronic pulmonary disease, or cerebrovascular disease. While
a large body of data with respect to patients with CIA has been
genera ted from studies evaluat ing suppor t wi th
erythropoiesis-stimulating agents (ESAs) [16, 19–25], there
remains a lack of data regarding clinical factors that form the
basis for making decisions on when to transfuse patients with
CIA [3, 8]. As such, a study evaluating the clinical factors used
in making decisions for prescribing transfusions for patients
with CIA can inform practitioners on current practice patterns.

This prospective, observational study was designed to eval-
uate physician-assessed clinical considerations for prescribing
PRBC transfusion therapy in patients with a baseline Hb con-
centration of ≤ 10.0 g/dL who were to receive chemotherapy
without support of ESAs.

Methods

Study sites, physicians, and patients

This was a multicenter, prospective, observational study con-
ducted in the USA. Study sites were selected through a site
evaluation process from a pool of suburban, urban, and aca-
demic oncology centers assembled from sites in the sponsor’s
clinical trial management system and sites recommended by
the medical market research vendor Adelphi Real World.
Potential study sites were selected based on the following
criteria: site follows PRBC transfusion guidelines (e.g.,
NCCN guidelines), number of potentially eligible patients re-
ceiving treatment at the site, investigator interest and/or will-
ingness to enroll patients, ESA use, access to facilities for
PRBC transfusions (i.e., proximity of site to transfusion cen-
ter), and ability to integrate the study protocol into existing

clinic and transfusion workflow. Selected study sites that did
not enroll patients within 3 months of site initiation could be
closed and replaced at the sponsor’s discretion.

Physicians were selected based on the following criteria: pri-
mary specialty must be oncology or hematology oncology, must
be board certified or board eligible, must spend at least 50% of
time in direct patient care, at least 50% of patient population
treated must be ≥ 18 years of age, must treat at least 30 patients
with metastatic cancer per month, and a minimum of 40% of the
patients with metastatic cancer treated must be receiving
chemotherapy.

Patients were screened for study eligibility when a PRBC
transfusion was ordered. Eligible patients were ≥ 18 years
of age, had nonmyeloid cancer, were receiving first- or
second-line myelosuppressive chemotherapy, had baseline
Hb ≤ 10.0 g/dL, and were planned to receive 1 or more
PRBC transfusions. Key exclusion criteria were receipt of an
ESA within 8 weeks prior to screening and/or chronic renal
insufficiency. Patients who met the eligibility criteria were
enrolled into the study. No study drug was administered as part
of this study.

The study protocol was approved by an independent ethics
committee or institutional review board at each center. All
subjects provided written informed consent.

Datasources and study procedures

For each study site, data were collected on site location (urban,
suburban, or rural), site type (academic or nonacademic), lo-
cation of transfusion center at site (yes or no), and ESA usage
(yes or no). Medical records of patients were evaluated to
obtain information on sex, age, cancer type, cancer stage at
initial diagnosis, date of initial cancer diagnosis, date and reg-
imen of myelosuppressive chemotherapy received, comorbid-
ities, and signs and symptoms of anemia. The most recent
laboratory reports were evaluated to obtain the last Hb con-
centration before a PRBC transfusion. Questionnaires were
completed by physicians prior to the transfusion to document
considerations for prescribing a PRBC transfusion (see
Online Resource 1 for study survey/questionnaire).
Physicians selected and ranked the Bmost important
(primary) consideration,^ Bsecond-most important
consideration,^ or Bleast important consideration^ from the
list of three considerations: (1) anemia symptoms, (2) Hb val-
ue, or (3) medical history (including comorbidities).
Physicians also recorded the signs and symptoms of anemia
affecting the decision to prescribe a PRBC transfusion.

Study outcomes and data assessment

Data on site location, site type, whether or not the transfusion
center was located on the site, and ESA usage were summa-
rized. The proportions of patients with specific signs and
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symptoms of anemia were determined. Signs and symptoms
of anemia affecting the decision to prescribe a PRBC transfu-
sion were also evaluated. The overall and stratified propor-
tions of patients for each primary clinical consideration lead-
ing to a PRBC transfusion were determined and 95% exact
binomial confidence intervals were estimated. Baseline covar-
iate strata included sex (male vs female), age (< 65 years vs
≥ 65 years), primary tumor type, chemotherapy type (platinum
vs non-platinum), chemotherapy line (first vs second line),
and site type (academic vs nonacademic).

Results

Study period and patient enrollment

The study recruitment period was from 30 September 2014 to
31 October 2015, with the last visit of the last patient in
October 2015. Database lock was on 7 January 2016. A total
of 154 patients were enrolled at 18 sites in the USA, out of the
25 recruited sites (Online Resource 2). Of the 18 sites that
enrolled patients, most (10 [55.6%] sites) were in urban areas,
with a few in suburban (4 [22.2%] sites) and rural areas (4
[22.2%] sites). Most sites (16 [88.9%]) were nonacademic and
most (12 [66.7%]) reported routine use of ESAs. Ten (55.6%)
sites did not have on-site transfusion centers.

PRBC transfusion, units of blood received, and last Hb
value prior to PRBC transfusion

Of the 154 patients enrolled, 147 (95.5%) received a PRBC
transfusion and 7 (4.5%) did not (Table 1).Most patients (120
[77.9%]) received 2 units of blood and 27 (17.5%) patients
received 1 unit of blood; information on units of blood re-
ceived was missing for 7 (4.5%) patients (Table 1). Mean
(range) last Hb value before a PRBC transfusion was 8.1
(4.9–9.9) g/dL. For one of the patients, Hb value was mea-
sured after a PRBC transfusion; therefore, data for this patient
were excluded from the analysis. Of the 146 patients included
in the analysis, 140 (95.9%) patients received a transfusion at
Hb ≥ 7.0 g/dL and 70 (47.9%) patients received a transfusion
at Hb ≥ 8.0 g/dL.

Patient demographics

Baseline demographics and clinical characteristics for the 154
total patients enrolled in the study and the 147 patients who
received a PRBC transfusion are shown in Table 2. Of the pa-
tients who received a PRBC transfusion, most (100 [68.0%])
were female and over half (81 [55.1%]) were ≥ 65 years of
age. The most common tumor type was gynecological cancer
(38 [25.9%] patients), followed by non-small cell lung cancer (32
[21.8%] patients) and small cell lung cancer (24 [16.3%]

patients). Most of the patients were receiving platinum-
containing chemotherapy (107 [72.8%]) andmostwere receiving
first-line chemotherapy (95 [64.6%]). Signs and symptoms of
anemia were reported by a high proportion of the patients (133
[90.5%]). Most patients (106 [72.1%]) did not present with co-
morbidities relevant to the anemia. In the 41 (27.9%) patients
who did, the most common comorbidity was chronic pulmonary
disease (22 [15.0%] patients). Only 9 (6.1%) patients had under-
lying cardiovascular disease.

Signs and symptoms of anemia

The proportions of patients with specific signs and symptoms of
anemia are shown inOnlineResource 3. In patientswho received
a PRBC transfusion, fatigue was the most common sign and
symptom of anemia (127 [86.4%] patients), followed by dyspnea
on exertion (58 [39.5%] patients) and pallor (40 [27.2%] pa-
tients) (Online Resource 3a). Similarly, fatigue was the most
common sign and symptom of anemia affecting the physician’s
decision to prescribe a PRBC transfusion (101 [69.2%] patients),
followed by dyspnea on exertion (49 [33.6%] patients) and pallor
(33 [22.6%] patients) (Online Resource 3b).

Primary clinical considerations for prescribing a PRBC
transfusion

Physician-assessed clinical considerations for prescribing a
PRBC transfusion are shown in Fig. 1 and Table 3. The most

Table 1 PRBC transfusion, units of blood received, and last Hb value
prior to PRBC transfusion

Total patients enrolled
in the study N = 154

PRBC transfusion, n (%)

Received a PRBC transfusion 147 (95.5)

Did not receive a PRBC transfusion 7 (4.5)

Units of blood received, n (%)

1 27 (17.5)

2 120 (77.9)

Missing 7 (4.5)

Last Hb value prior to PRBC transfusion

n 146a

Mean (range), g/dL 8.1 (4.9–9.9)

Hb category, n (%)

< 7.0 g/dL 6 (4.1)

≥ 7.0 g/dL 140 (95.9)

< 8.0 g/dL 76 (52.1)

≥ 8.0 g/dL 70 (47.9)

Hb hemoglobin, PRBC packed red blood cell
a One patient was excluded from the analysis as the Hb value was mea-
sured after a PRBC transfusion
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frequently reported primary clinical consideration for pre-
scribing a PRBC transfusion was anemia symptoms in 106
(72.1%) patients, followed by Hb value in 37 (25.2%) pa-
tients, and medical history in 4 (2.7%) patients. The mean
Hb concentration at which a decision to give a PRBC trans-
fusion was made ranged from 8.1 to 8.5 g/dL, whether

transfusion was primarily given because of anemia symptoms
(8.1 g/dL, range: 6.2–9.9 g/dL), Hb value (8.1 g/dL, range:
4.9–9.9 g/dL), or medical history (8.5 g/dL, range: 7.8–9.8
g/dL) (Table 3).

Primary clinical considerations for prescribing a PRBC
transfusion stratified by baseline covariates

Online Resources 4 to 7 show primary clinical considerations
for prescribing a PRBC transfusion stratified by baseline co-
variates of sex (male vs female), age (< 65 years vs ≥ 65 years),
primary tumor type, chemotherapy type (platinum vs non-
platinum), chemotherapy line (first vs second), and site type
(academic vs nonacademic). When stratified by age, approx-
imately twice the number of patients ≥ 65 years of age re-
ceived a PRBC transfusion based on Hb value: 25 (30.9%)
patients who were ≥ 65 years old vs 12 (18.2%) patients who
were < 65 years old (Online Resource 4). Primary tumor type,
chemotherapy type, or chemotherapy line did not influence
the decision to transfuse above and beyond anemia symptoms
(Online Resources 5 to 7).

Discussion

Anemia is common in patients with cancer and often occurs
before patients receive treatment for the cancer [3, 26, 27].
Anemia is also one of the most frequent adverse effects of
chemotherapy as shown by studies in different regions
[27–31]. An analysis of data for cancer patients receiving
chemotherapy obtained from pooled placebo arms of six ran-
domized controlled trials (RCTs) of darbepoetin alfa and from
an aggregated US community oncology EMR database
showed that 58% of patients in the RCTs and 46% EMR
episodes had a Hb decline from < 10 to < 9 g/dL at week 9
[28]. In a multicenter observational study of patients receiving
chemotherapy for nonmyeloid malignancies in Spain [29],
almost half the patients (48%) had a Hb level < 12 g/dL. A

Table 2 Baseline demographic and clinical characteristics

Characteristic Total patients
enrolled in the study
N = 154

Patients who received a
PRBC transfusion
N = 147

Sex, n (%)

Female 107 (69.5) 100 (68.0)

Male 47 (30.5) 47 (32.0)

Age, mean (SD), years 65.3 (9.8) 65.3 (9.9)

< 65 years, n (%) 70 (45.5) 66 (44.9)

≥ 65 years, n (%) 84 (54.5) 81 (55.1)

Primary tumor type, n (%)

Gynecological cancer 43 (27.9) 38 (25.9)

Non-small cell lung
cancer

32 (20.8) 32 (21.8)

Small cell lung cancer 25 (16.2) 24 (16.3)

Gastrointestinal cancer 19 (12.3) 18 (12.2)

Breast cancer 14 (9.1) 14 (9.5)

Urogenital cancer 7 (4.5) 7 (4.8)

Hematological
malignancies

7 (4.5) 7 (4.8)

Othera 7 (4.5) 7 (4.8)

Chemotherapy type, n (%)

Platinum 113 (73.4) 107 (72.8)

Non-platinum 41 (26.6) 40 (27.2)

Chemotherapy line, n (%)

First 100 (64.9) 95 (64.6)

Second 54 (35.1) 52 (35.4)

Signs and symptoms of anemia, n (%)

Yes 137 (89.0) 133 (90.5)

No 17 (11.0) 14 (9.5)

Comorbidities relevant to the anemia, n (%)

Yes – 41 (27.9)

Chronic pulmonary
disease

– 22 (15.0)

Congestive heart
failure or coronary
heart disease

– 9 (6.1)

Cerebral vascular
disease

– 2 (1.4)

Otherb – 17 (11.6)

No – 106 (72.1)

PRBC packed red blood cell, SD standard deviation
a Includes bone/sarcoma, brain, head and neck, skin, thyroid cancers, or
missing
bNot specified

Fig. 1 Physician-assessed primary clinical considerations for prescribing
PRBC transfusions. The proportions of patients for each primary clinical
consideration leading to a PRBC transfusion were determined. Error bars
are 95% exact binomial confidence intervals. Hb hemoglobin, PRBC
packed red blood cell
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multicenter survey of Japanese patients receiving chemother-
apy [30] reported an average Hb level prior to treatment of
9.5 g/dL. A study of chemotherapy-associated anemia in
Western Denmark reported a median Hb level before transfu-
sion of 9.0 g/dL [31]. In data reported by the European Cancer
Anemia Study, mean Hb level in cancer patients before initi-
ation of either iron supplementation, transfusion, or use of an
ESAwas 9.7 g/dL [27].

Since the seminal paper by Herbert et al. evaluating trans-
fusion requirements in critical care units in Canada [32], nu-
merous studies and clinical guidelines have supported the use
of a more restrictive transfusion policy with a target Hb con-
centration of 7 to 8 g/dL in patients who are not actively
bleeding. These studies encompass a wide range of patient
groups including patients treated in critical care units, coro-
nary care units, and orthopedic and cardiac surgery patients, as
well as patients in the setting of sickle cell disease, end stage
renal disease, gastrointestinal bleeding, and sepsis [6, 7,
33–36].

Transfusion requirements in cancer patients receiving my-
elosuppressive chemotherapy have not been prospectively
studied [37, 38]. Data on transfusion practices generated in
Europe show a wide variation in transfusion practices as it
relates to cancer patients with anemia who are receiving che-
motherapy [38–41]. These data may not be directly applicable
to the US population in view of variations in treatment guide-
lines, approved supportive agents such as ESAs, and differ-
ences in reimbursement policies. In addition, since the US
Food and Drug Administration placed restrictions on ESA
use in 2007, a number of studies have shown a change in
patterns of transfusion practice with a documented increase
in transfusion frequency seen in most studies [9, 40, 42–44].

In our prospective, multicenter, observational study, we
sought to understand current transfusion practice patterns
and the factors that contribute to a decision to transfuse pa-
tients with anemia who were receiving myelosuppressive che-
motherapy for nonmyeloid malignancies, in an era of

restricted ESA use. The most common reason to prescribe a
transfusion in our patient population was anemia symptoms in
72.1% of patients, with fatigue being the predominant symp-
tom in 69.2% of patients. Absolute Hb value was only a sec-
ondary consideration, being cited as the reason to prescribe a
transfusion in 25.2% of patients (Fig. 1 and Table 3). Even
though comorbidities were reported in 27.9% of patients, phy-
sicians considered them relevant to prescribing a transfusion
only 2.7% of the time.

While patients in our study were treated according to cur-
rent clinical guidelines for transfusion of cancer-related ane-
mia [3], 47.9% received a transfusion at a Hb level ≥ 8.0 g/dL
(Table 1). This pattern was consistent across multiple covari-
ates including sex, cancer type, and chemotherapy type
(platinum versus non-platinum) (Online Resources 4 to 7).
There was a trend to prioritize Hb value over anemia symp-
toms in patients ≥ 65 years of age (Online Resource 4).

Anemia symptoms appear to have been an important clin-
ical consideration in the decision to transfuse in our study. In
general, fatigue has not been a major indication for transfusion
outside of the cancer setting [45, 46]. There may be a number
of factors that distinguish patients with cancer from other non-
cancer patient groups. Cancer-related fatigue is common and
typically multifactorial. As noted above, many patients with
cancer may already be anemic prior to starting treatment for
their cancer. The physical and psychological effects of the
cancer itself, treatment effects (which may or may not include
myelosuppression), the effect of repetitive cycles of chemo-
therapy, and the recovery interval between treatments impact
on the decision making for management of patients with
cancer.

Although we did not attempt to quantify the degree of
fatigue in our patient group, fatigue was the most frequently
recorded clinical consideration for prescribing a PRBC trans-
fusion over the absolute Hb value or medical history/comor-
bidities. Additional factors that may have influenced the deci-
sion for PRBC transfusion at a higher Hb value as observed in

Table 3 Primary clinical
considerations for prescribing a
PRBC transfusion

Patients who received a PRBC transfusion N = 147

n (%) or mean (range), g/dL 95% CI (% or g/dL)

Anemia symptoms 106 (72.1) 64.1, 79.2

Last Hb value prior to a PRBC transfusion 8.1 (6.2–9.9) 7.9, 8.3

Hb value 37 (25.2) 18.4, 33.0

Last Hb value prior to a PRBC transfusion 8.1 (4.9–9.9) 7.8, 8.5

Medical history 4 (2.7) 0.7, 6.8

Last Hb value prior to a PRBC transfusion 8.5 (7.8–9.8) 7.0, 9.9

Physicians selected the Bmost important (primary) consideration,^ Bsecond-most important consideration,^ or
Bleast important consideration^ from the list of three considerations of anemia symptoms, Hb value, or medical
history (including comorbidities)

CI confidence interval, Hb hemoglobin, PRBC packed red blood cell

Support Care Cancer (2018) 26:2031–2038 2035



our study may relate to the fact that ESA use was excluded in
this study, and thus treating physicians may have anticipated a
further fall in Hb levels due to planned chemotherapy
treatment.

Themajor strength of our study is the prospective design with
predefinedmeasures and endpoints that enabled the evaluation of
PRBC transfusion patterns in cancer patients with anemia who
were receiving chemotherapy in a real-world setting. However,
the findings from this study should be considered in the context
of a number of limitations. The assessments of iron stores or iron
treatments were not recorded. Also, any attendant complications
associated with transfusion therapy were not recorded. Our study
relied on questionnaires completed by the physicians; patients
did not fill out comparable questionnaires. Patient-reported
symptoms were abstracted from the subject’s EMR or reported
to the oncology nurse and then recorded. Physicians were not
asked to comment on how they might have integrated ESAs in
their transfusion algorithm or whether their decision to transfuse
was correlated with the number of chemotherapy cycles antici-
pated. Anemia signs and symptoms were only assessed on a 10-
point prespecified list without using a commonly accepted, val-
idated instrument and without severity grading. Likewise, vali-
dated instruments were not used to assess quality of lifemeasures
for patients in our study.

In conclusion, in this prospective, multicenter, obser-
vational study of transfusion practices in patients with
CIA, the primary clinical consideration for prescribing a
PRBC transfusion was anemia symptoms in 72.1% of
patients. The absolute Hb value was the second clinical
consideration for the decision to transfuse in 25.2% of
patients. Overall, 47.9% of patients received a transfu-
sion at a Hb level ≥ 8 g/dL. The decision to transfuse
was independent of sex, medical comorbidities, cancer
type, or chemotherapy type (platinum or non-platinum),
with a trend to rely more on Hb value when transfusing
patients ≥ 65 years of age. Clinical judgment based on
individual patient signs and symptoms of anemia, in par-
ticular fatigue, and not only the absolute Hb value, were
used in the decision to prescribe a PRBC transfusion.
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