
Abstract
Objective The aim of the project was to assess the effec-
tiveness and safety of weekly epoetin-beta (EB) in patients 
with gastrointestinal cancer (GIC) subjected to concomitant 
chemoradiotherapy (CCTRT).
Methods In this clinical prospective and multicentre co-
hort study EB was administered at a dose of 30,000 IU/
week, during CCTRT and in the four weeks thereafter, and 

suspended if haemoglobin (Hb) increased >2 g/dl or Hb 
>12–13 g/dl. Effectiveness was defi ned as Hb increase 1 
g/dl vs. baseline. Time to response, treatment toxicity and 
transfusion requirements were also assessed. 
Results EB was effective in 75.8% of the evaluable popu-
lation within a median of four weeks from EB initiation, 
without blood transfusions. Over 80% of all patients re-
mained below the threshold (Hb 13 g/dl) and no study 
drug-related adverse reactions were recorded.
Conclusion Weekly EB proved to be effective and well tol-
erated by patients with GIC subjected to CCTRT.

Keywords Gastrointestinal cancer · Epoetin-beta ·
Anaemia

Introduction

Anaemia, a common occurrence in cancer patients, not 
only has a profound impact on their quality of life (QoL) 
and functional status, but is also associated with poor treat-
ment outcome and overall survival [1–6]. In fact, many 
of the complications of cancer and subsequent anticancer 
therapies are clinically damaging as a result of adverse 
effects on normal haematopoietic mechanisms. Tradition-
ally, blood transfusions were used to manage anaemia in 
patients with neoplasia, however they are associated with 
serious risks such as transmission of infection with parasit-
ic, bacterial, viral and prion pathogens, and immunological 
reactions [7–9]. 

Since the early 1990s, it has been possible for physi-
cians to intervene with growth factors to mitigate the 
haematopoietic dysfunction of cancer patients [7, 9–11]. 
Recombinant human erythropoetins (epoetins), including 
epoetin-beta (EB), have a proven effi cacy and safety record 
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across many malignancy types, reducing the need for trans-
fusion and improving QoL [3, 12–18]. Despite recent con-
cerns, new studies have demonstrated that administration 
of epoetin in accordance with the 2007 updated guidelines 
[19] translates into improvements in Hb outcomes [20, 21].

Chemotherapy- and/or radiotherapy-treated cancer pa-
tients might have had their normal blood cell production 
altered either by direct effects on haematopoietic stem and 
progenitor cells or by indirect mechanisms, such as inad-
equate nutritional status. The timing of haematopoietic dys-
function may vary depending on the mechanism of action 
of the chemotherapy, while the adverse impact of radiation 
will also vary based on the amount of radiation as well as 
duration of exposure [22]. Other variables that have been 
shown to be statistically signifi cant for anaemia prediction 
are lower initial haemoglobin (Hb), cancer type, treatment 
with platinum-based chemotherapy and female gender [23]. 

An audit in the 1990s of more than 2800 patients with 
solid tumours in the UK showed that the proportion of 
anaemia in that population rose from 17% before the fi rst 
chemotherapy to 35% after six cycles of treatment. As 
a consequence, patients required one (33%) to multiple 
blood transfusions (16%) [24]. More recently, a European 
survey in chemotherapy-treated cancer patients recorded a 
frequency of anaemia of 62% in those with gastrointestinal 
(GI)/colorectal tumours, yet only 33% had ever received 
Hb correction treatment [25]. Furthermore, prolonged en-
teric microscopic bleeding of the tract can lead to massive 
loss of iron, causing an anaemia specifi c to gastrointestinal 
cancer (GIC) [26]. Nevertheless, in spite of the need of bet-
ter management of red blood disorders for this population, 
most reviews on chemotherapy-induced anaemia have been 
focused on other types of cancer [11, 27] and reports on 
better management of Hb defi ciency in patients with ad-
vanced GIC are scarce [13, 16, 28, 29].

Hence, the aim of this work was to determine the ef-
fi cacy and safety of EB for treating anaemia in patients 
with GI malignancies who have been subjected to curative, 
concomitant anticancer therapy.

Patients and methods

This was a clinical, multicentre, prospective cohort study 
performed in three Spanish centres by the Galician Tumor 
Group (Grupo Gallego de Tumores, GGT) that aimed to 
determine the effi cacy and safety of EB treatment, as well as 
the time to response and transfusion requirements in GIC pa-
tients undergoing concomitant chemoradiotherapy (CCTRT).

Patients

Adult patients (18 years), with Eastern Cooperative On-
cology Group (ECOG) performance status (PS) <2, and 
histologically confi rmed malignancy of the oesophagus, 

stomach, pancreas, bile duct or rectum, were enrolled into 
the study if their Hb baseline levels were 11 g/dl with 
adequate iron levels (transferring saturation >15%, serum 
ferritin >10 mg/ml), folic acid (>2 ng/ml) and vitamin B12 
(>200 pg/ml), and life expectancy >12 weeks. Patients 
were excluded if they had received a blood transfusion 
within the last four weeks, had been treated with epoetin 
within the last eight weeks, or had presented with haemor-
rhagic or iron-defi ciency anaemia, non-controlled hyper-
tension, deep-venous thrombosis or severe arteriopathy. 
The study was performed according the revised Declara-
tion of Helsinki and Good Clinical Practice Guidelines. All 
patients consented to treatment.

Treatment and assessments

Anaemia was defi ned as Hb levels 12 g/dl as per current 
guidelines [19, 30]. From February 2006 to September 
2007, patients who exhibited moderate to severe anaemia 
(Hb 11 g/dl) at baseline were included and treated with a 
weekly dose of 30,000 IU of EB (NeoRecormon®, F Hoff-
man - La Roche Ltd, Basel, Switzerland) as a pre-fi lled sy-
ringe formulation. An intermediate visit was scheduled at 
midtreatment (depending on the schedule of chemotherapy) 
and EB therapy was continued until four weeks after the 
last CCTRT if good response (Hb ±1 g/dl from baseline) or 
effi cacy (Hb 1 g/dl from baseline) together with tolerable 
toxicity were observed. Given the patient did not meet this 
objective (Hb <1 g/dl from baseline), the dose was to be 
double (60,000 IU/week) for four more weeks. Other cri-
teria for discontinuation included death, loss to follow-up, 
patient or investigator decision, more effective alternative, 
or any other in the best interest of the patient. Four weeks 
after the last CCTRT, a fi nal evaluation was performed and 
patients continued receiving EB therapy when proven ef-
fi cacious (Hb 1 g/dl from baseline). Also, patients were 
kept on treatment while their Hb levels were maintained 
in a range of ±1 g/dl from baseline. At this point, any pa-
tient showing levels of Hb <1 g/dl from baseline stopped 
receiving EB. At any time, EB administration was to be 
suspended in those with an increase of Hb >2 g/dl during a 
four-week period, and reintroduced at half the dose (15,000 
IU/week) if Hb levels dropped under those required at in-
clusion (11 g/dl). Due to physician concerns over safety, a 
new threshold for treatment continuation was set at 12 g/dl 
of Hb (instead of 13 g/dl) in September 2006. Iron supple-
mentation was given if transferring saturation <20% or fer-
ritin <100 mg/ml at baseline. Transfusions were reserved 
for patients with Hb levels < 9 g/dl or at the physician’s 
discretion. Treatment toxicities were recorded.

Statistical methods

Data for qualitative variables were presented as the dis-
tribution of their frequencies. Data for quantitative vari-
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ables were shown as descriptive statistics (mean±standard 
deviation (SD) or median and interquartile range (IQR)). 
Differences in Hb level between baseline and intermediate 
visit and fi nal visit were compared using the paired t-test; 
qualitative differences were assessed using the McNemar 
test. EB effi cacy was expressed as the median of the differ-
ences with a confi dence interval (CI) of 95%. All tests were 
conducted at a signifi cance level of alpha=0.001. Data were 
analysed using SPSS version 12.0.

Results

Patient characteristics and safety

Patients were fi rst screened for study inclusion (n=43) and 
later assessed for safety (n=42) and effi cacy (n=33) evalua-
tions. Nine patients did not fulfi l the treatment protocol and 
consequently were considered non-evaluable for effi cacy 
but were included in safety assessments as they received at 
least one dose of EB. Causes of protocol deviations were 
blood transfusion to patients with levels of Hb >9 g/l and 
wrongful EB administration (either given EB other than 
weekly or iron administration without EB). One additional 

patient was never treated. Baseline characteristics of the 
patients and their disease are listed in Table 1.

Patients had a median age of 63 years (range, 41–85), 
58.5% were females, and they were mainly in good general 
health as 75% exhibited ECOG-PS 0-1. The most frequent 
carcinoma locations were rectum (51.2%), oesophagus 
(25.6%), pancreas (11.6%) and stomach (4.7%). Stage 
T3–4 invasive primary tumours (as per WHO/TNM crite-
ria) were found in 38 (88%) patients and only 2 (5%) pa-
tients showed metastatic malignancies. Levels of Hb, hae-
matocrit, transferrin saturation and ferritin were assessed 
as baseline (Table 2).

All patients recruited were receiving chemotherapy. Of 
those, 22 (51%) were given single-agent FU or UFT and 13 
(31%) received concomitant platinum-based regimens (Ta-
ble 3). Most of the patients were undergoing an early stage 
of their anti-cancer treatment (60% within cycles 1–2). 
Patients received tridimensional conformal radiotherapy 
(3D CRT) with radical, neoadjuvant or adjuvant intention, 
at total doses of 45–65 Gy. Three cases of changes in the 
chemotherapy scheme were recorded during the study. 

Iron supplements were given at least once to 33 of the 
safety patients (78.6%) during the study, mostly (73.8%) 
via intravenous injections.

Remarkably, 35/43 (81.4%) patients remained below 
the Hb 13 g/dl threshold and no study drug-related ad-
verse reactions were detected. Only one patient was tempo-
rarily suspended from the drug intake because of radiother-
apy-induced dermatitis. 

Effi cacy

Efficacy was evaluated in 33 patients. During the first 
phase of EB treatment, the mean level of Hb increased 2.1 
g/dl (CI 95%, 1.6–2.6; p<0.001), from baseline 10.3 g/dl 
to 12.4 g/dl (Fig. 1). Most importantly, four weeks after 
CCTRT, a signifi cant increase up to 2.3 g/dl of Hb (CI 
95%, 1.8–2.9; p<0.001) was attained, rendering a total of 
75.8% of the evaluated patients for whom EB treatment 
had been effi cacious (Hb 1 g/dl). 

Baseline levels of Hb ranged from 8.9 to 11 g/dl in 
the 33 evaluable patients. As many as 22 (69.7%) patients 
achieved satisfactory levels of Hb and did not require con-
tinuation of EB treatment at the midtreatment visit (Fig. 2). 
At that point, 16 (48.5%) patients had corrected their anae-
mia displaying an increase of their levels of Hb 2 g/dl 

Table 1 Baseline patient characteristics

Patient characteristics  n %

Gender (n=43) 
  Men 18 41.9
  Women 25 58.1
Tumour location/histology (n=43)
  Rectum 22 51.2
  Oesophagus 11 25.6
  Pancreas 5 11.6
  Stomach 2 4.7
  Anal/epidermoid 1 2.3
  Gastric/adenocarcinoma 1 2.3
  Cholangiocarcinoma 1 2.3
ECOG performance status (n=43)
  0 2 4.7
  1–2 4 9.3
  1 30 69.8
  2 2 4.7
  3 1 2.3
  ND 4 9.3

ECOG, Eastern Cooperative Oncology Group; ND, not determined

Table 2 Baseline biochemical parameters

Patients assessed n Median IQR25 IQR75

Hb (g/dl) 43 10.3 9.9 10.6
Ht (%) 42 30.4 29.1 32.0
Transferrin saturation (%) 34 25 18 33
Ferritin (mg/ml) 38 181 86 343

Ht, haematocrit
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from baseline: eight achieved levels within recommended 
limits (range, 11.8–12.7 g/dl) and the rest had Hb >13 g/
dl (range, 13.2–14.7). Additionally, six (18.2%) patients 
stopped EB with increases of Hb <2 g/dl (range, 12.1–12.7 
g/dl). EB treatment was ineffective only in one patient, 
who had a decrease in Hb levels and discontinued at the 
midtreatment visit.

Ten (30.3%) patients continued taking EB until four 
weeks after the last CCTRT: seven had increases 1 g/
dl (range, 11.6–12.2 g/dl) and three had increases <1 g/l 
(range, 11.0–11.2 g/dl) from baseline. At the fi nal visit six 
of those ten had achieved levels of Hb 12 g/dl and only 
three had increases Hb <1 g/dl from baseline (range, 10.4–
12.2 g/dl). Only 18.2% (6/33) of the population continued 
in active treatment after the fi nal visit. Table 4 shows a 

summary of the evolution of EB administration over the 
course of the study.

The effectiveness of the EB therapy in the schedule ad-
ministered during the study resulted in none of the evaluable 
patients needing blood transfusions (and only in two of the 
non-evaluable patients, at their physicians’ discretion) and 
in the achievement of anaemia correction in over 90% of the 
population within a median of four weeks after EB initiation.

Discussion

Anaemia is associated with reduced tumour control [5], 
particularly in patients with advanced GI malignancies, for 

Table 3 Concomitant chemoradiotherapy 

Patients n %

Chemotherapy cycle 1 18 41.9
 2 8 18.6
 3 9 20.9
 4 6 14.0
 5–6 2 4.6
Chemotherapy agent(s) 5-FU 19 44.0
 5-FU+cisplatinum 13 30.3
 5-FU+epirubicin+cisplatinum 1 2.3
 UFT 3 7.0
 5-FU+FOLFOX 1 2.3
 5-FU+leucovorin 1 2.3
 5-FU+irinotecan 1 2.3
 5-FU+gemcitabine 1 2.3
 Cisplatinum 1 2.3
 Gemcitabine 1 2.3
 FOLFOX 1 2.3
Total radiation, doses (Gy) 45 9 20.9
 50 4 9.3
 50.4 18 41.9
 59.4 8 18.6
 64.8 1 2.3
 ND 3 6.9

CDDP, cisplatin; FOLFOX, FOL–folinic acid (leucovorin), F–fl uorou-
racil (5-FU), OX–oxaliplatin; UFT, tegafur-uracil; ND, not determined

Fig. 1 Change in hemoglobin (Hb) level (g/dL) during epoetin-beta 
treatment. Data are shown for the overall effi cacy population (n=33) 
and for patients with (Hb 1 g/dl) and without (Hb <1 g/dl) Hb effec-
tive response from baseline and at midtreatment and after treatment. 
In the overall effi cacy population the mean level of Hb augmented 
signifi catively from baseline: 2.1 g/dL (CI 95%, 1.6-2.6; p<0.001) 
during the fi rst phase of epoetin-beta (EB) treatment, and 2.3 g/dL 
(CI 95%, 1.8-2.9; p<0.001) four weeks after concomitant chemora-
diotherapy (CCTRT)

Table 4 Duration of epoetin beta therapy and dose adjustments in the 
33 effi cacy-evaluable patients

Epoetin beta dose Patients, n (%)

Maintained on 30,000 IU weekly throughout study 10 (30.3)
Dose increase or reduction  0 (0)
Therapy interrupted because Hb 12 g/dl
  at midtreatment 22 (66.7)
Therapy interrupted because lack of effi cacy
 at midtreatment 1 (3.0)
Median duration of epoetin beta therapy. Days (IQR) 28 (21-35)

Fig. 2 Anemia response to epoetin-beta therapy during concomitant 
CCTRT. Data are shown for patients at midtreatment and after treat-
ment with no response along the study (3.0%), maintenance (Hb 
10-11.9 g/dL) at midtreatment (27.3%) and after treatment (6.1%), or 
anemia correction (Hb 12) at midtreatment (69.7%) and after treat-
ment (90.9%)
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whom baseline levels of Hb are one of the most important 
adverse prognostic factors for chemotherapy response and 
survival [31]. 

Moreover, in such patients the standard antitumour 
agent 5-fl uorouracil (5-FU) has been demonstrated in vitro 
to induce resistance in cancer cells under hypoxic condi-
tions, leading to more aggressive phenotype and malignant 
progression [32] and pointing to anaemia as a concomitant 
factor that may reduce the response to chemotherapy by 
means of its reduction of tumour oxygenation [28]. Con-
versely, the myelosuppression induced by the standard 
platinum treatment has been identified as a significant 
predictive factor for anaemia [23], which is also a common 
problem for the majority of patients undergoing radiothera-
py and is associated with poor cancer management [33]. 

With the aim of providing patients with optimal sup-
portive care according to the latest guidelines [19, 30], this 
study explored the effi cacy of EB 30,000 IU once weekly 
in correcting anaemia in patients with GI tumours subject-
ed to CCTRT. Similar regimes have been able to improve 
the severe anaemia induced by platinum-based and other 
GI anticancer regimes [13, 14, 23, 29].

Thus, although all patients received concomitant radio-
therapy and over 80% had received 5-FU and/or platinum-
based chemotherapy, most of the evaluable patients over-
came the erythroid defi ciency. In fact, EB administered 
during CCRCT was able to maintain Hb levels over 12 g/dl 
in more than 69.7% of patients, a percentage that increased 
up to 90.9% four weeks after CCRCT, with close monitor-
ing but no titration of EB required. Concomitant parenteral 
iron given throughout the study may have improved the 
response to EB similarly to other trials which included an 
intravenous iron cohort [9].

It has been suggested that despite the fact that epoetin 
growth factors effectively raise Hb levels and decrease the 
need for transfusion, it may take some patients a relatively 
long time to achieve a haematopoietic response [18]. This 
study, despite its small sample population, shows that ad-
ministration of epoetin beta is effective within a median of 
28 days and without the need for transfusions.

In concordance with our results, a retrospective pharma-
coepidemiologic study of 2192 patients from 13 European 
countries (including Spain) reviewed epoetin treatment 
over 8–10 weeks initiated at baseline. This meta-analysis 
showed that Hb increased by 1.34 g/dl and that a Hb boost 
of 1 g/dl is attainable in up to two-thirds of patients, fa-

vouring the general effectiveness and relative safety of 
judicious epoetin treatment [34]. Despite few reports being 
focused on GI malignancies [13, 28], interim data from the 
German AIO on chemotherapy-induced anaemia treated 
with EB in patients with advanced cancer of the stomach 
or gastroesophageal junction also supports our fi ndings of 
swift Hb increases of 1 g/dl or higher [29]. At the same 
time over 75% of patients in the report achieved the target 
Hb (Hb 11 g/dl in their analyses). Moreover, patients 
receiving EB tend to show a better response to chemo-
therapy.

Following the EORTC-published evidence-based guide-
lines for the management of anaemia in cancer patients 
receiving chemotherapy and/or radiotherapy, initiation of 
treatment with EB at levels of 9–11 g/dl was applied with 
the objective of achieving and maintaining Hb levels of 
12–13 g/dl [19]. In fact, all patients evaluable for effi cacy 
discontinued EB therapy when the Hb concentration had 
risen to 12 g/dl, as per ASCO/ASH Committee recom-
mendations, [30] and almost all patients were maintained 
in a range without falling below the 10 g/dl threshold. Re-
markably, over 80% of all patients in our study remained 
below the Hb levels of 13 g/dl while attaining one of the 
main goals mentioned in the guidelines, the prevention or 
elimination of transfusions. Most importantly, no acute 
toxicity related to EB treatment was reported. Therefore we 
conclude that administration of EB carried out within the 
limits was effective and well tolerated in this study, adding 
evidence to the feasibility of the use of EB in GIC patients.
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