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Introduction

Anemia is a common complication in patients with cancer as a result of the underlying disease, and is frequently exacerbated by the effects of antitumor therapy [START_REF] Groopman | Chemotherapy-induced anemia in adults: incidence and treatment[END_REF][START_REF] Ludwig | The European Cancer Anaemia Survey (ECAS): a large, multinational, prospective survey defining the prevalence, incidence, and treatment of anaemia in cancer patients[END_REF]. In fact, this hematologic deficiency is detected in two out of three patients with gastrointestinal/colorectal cancer patients receiving established chemotherapy [START_REF] Ludwig | The European Cancer Anaemia Survey (ECAS): a large, multinational, prospective survey defining the prevalence, incidence, and treatment of anaemia in cancer patients[END_REF], since pyrimidine-and platinum-containing regimens have direct myelosuppressive effects [START_REF] Tas | Anemia in oncology practice: relation to diseases and their therapies[END_REF]. This condition not only has a profound impact on quality of life (QoL) [START_REF] Cella | Control of cancer-related anemia with erythropoietic agents: a review of evidence for improved quality of life and clinical outcomes[END_REF], but it is also been associated with poor treatment outcome and overall survival [START_REF] Caro | Anemia as an independent prognostic factor for survival in patients with cancer: a systemic, quantitative review[END_REF][START_REF] Knight | Prevalence and outcomes of anemia in cancer: a systematic review of the literature[END_REF].

Preoperative chemoradiotherapy of the digestive tract improves local control and reduces toxicity [START_REF] Sebag-Montefiore | Preoperative radiotherapy versus selective postoperative chemoradiotherapy in patients with rectal cancer (MRC CR07 and NCIC-CTG C016): a multicentre, randomised trial[END_REF][START_REF] Sauer | Preoperative versus postoperative chemoradiotherapy for rectal cancer[END_REF] in comparison to postoperative treatment. Thus, an exploratory analysis of complete and intermediate pathologic response exhibited improved disease-free survival (DFS) in colorectal patients [START_REF] Rodel | Prognostic significance of tumor regression after preoperative chemoradiotherapy for rectal cancer[END_REF] and other studies have highlighted the importance of tumor regression as a predictor of DFS in patients with esophageal carcinoma [START_REF] Mandard | Pathologic assessment of tumor regression after preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations[END_REF].

This neoadjuvant approach has also produced encouraging downstaging rates and has been found to facilitate complete resection and sphincter saving in distal rectal cancer with acceptable toxicity [START_REF] Lee | Chemoradiotherapy followed by surgery in rectal cancer: improved local control using a moderately high pelvic radiation dose[END_REF]. However, preoperative chemotherapy may induce or deepen preexisting anemia and may counteract the beneficial effects of neoadjuvant treatment, as has been shown for locally advanced esophagogastric cancer [START_REF] Voelter | Incidence of anemia in patients receiving neoadjuvant chemotherapy for locally advanced esophagogastric cancer[END_REF].

Therefore, anemia correction is been used to predict and improve clinical benefit to cancer therapy. A recent study showed that in rectal cancer patients receiving neoadjuvant treatment, anemia is able to predict clinical response (DFS) to antitumor therapy [START_REF] Berardi | Anemia may influence the outcome of patients undergoing neo-adjuvant treatment of rectal cancer[END_REF]. In fact, the level of Hb influence the percentage of patients with clinical downstaging, significantly favoring those with Hb [ 12. In another report, rectal cancer patients with normal hemoglobin during chemoradiotherapy achieved better tumor response, less local recurrence, and improved overall survival when compared with anemic patients, independently of radiologic T stage, suggesting that correcting anemia may improve tumor response and oncologic outcome [START_REF] Box | Neoadjuvant therapy for rectal cancer: improved tumor response, local recurrence, and overall survival in nonanemic patients[END_REF].

Several reports have confirmed that epoetin-beta (EB), a recombinant human erythropoietin, is effective increasing Hb levels, reducing transfusion requirements and improving QoL of patients with cancer-related anemia [START_REF] Glimelius | Epoetin beta in the treatment of anemia in patients with advanced gastrointestinal cancer[END_REF][START_REF] Suzuki | Weekly epoetin beta maintains haemoglobin levels and improves quality of life in patients with non-myeloid malignancies receiving chemotherapy[END_REF][START_REF] Strauss | Effects of anemia correction with epoetin beta in patients receiving radiochemotherapy for advanced cervical cancer[END_REF][START_REF] Pronzato | Epoetin beta therapy in patients with solid tumours[END_REF]. Despite recent concerns regarding the safety of erythropoietin stimulating agents, new studies have demonstrated that administration of epoetin in accordance with the 2007 updated guidelines [START_REF] Bokemeyer | EORTC guidelines for the use of erythropoietic proteins in anaemic patients with cancer: 2006 update[END_REF] translates in improvements in Hb outcomes [START_REF] Aapro | Managing cancer-related anaemia in congruence with the EO-RTC guidelines is an independent predictor of haemoglobin outcome: initial evidence from the RESPOND study[END_REF][START_REF] Aapro | Erythropoietins should be used according to guidelines[END_REF]. Moreover, it is been suggested that EB has the potential to prevent anemia and reduce transfusion requirements in patients with cancer receiving concomitant myelosuppressive chemotherapy [START_REF] Pronzato | Epoetin beta therapy in patients with solid tumours[END_REF][START_REF] Cheer | Epoetin beta: a review of its clinical use in the treatment of anaemia in patients with cancer[END_REF]. Nevertheless, few studies have examined the impact of EB to prevent anemia during neoadjuvant chemoradiotherapy in patients with digestive tract cancer [START_REF] Salgado | Efficacy of epoetin-beta 30,000 iu/week in correcting anemia in patients with gastrointestinal tumors subjected to concomitant chemo-radiotherapy[END_REF].

Since most cancers may benefit from a combination of chemotherapy and radiotherapy, anemia may represent a crucial factor in order to obtain favorable clinical results in these patients [START_REF] Berardi | Anemia may influence the outcome of patients undergoing neo-adjuvant treatment of rectal cancer[END_REF]. Thus, the aim of the current study was to determine the efficacy and safety of epoetin-beta intervention to prevent moderate to severe anemia in patients with digestive tract tumors (esophagus/cardia or rectum) who were receiving concomitant chemoradiotherapy.

Patients and methods

This was a clinical prospective cohort study performed by the Galician Tumor Group [(Grupo Gallego de Tumores (GGT)] that aimed to determine the efficacy and safety of EB treatment and transfusion requirements in patients with neoadjuvant therapy prior to primary digestive tract tumor surgery.

Patients

Twenty-two patients were prospectively included 18 patients with rectal cancer and 4 with cancer of the esophagus/cardia. Rectal cancer staging included rectal digital exploration, chest X-rays, abdominal and pelvic computed tomography (CT) scan, and echoendoscopy and/ or magnetic resonance imaging of the pelvis; while esophageal cancer was staged according to the thoracic and abdominal CT findings, esophagogastric transit and echoendoscopy. All patients were programmed for surgery, and only one case was considered inoperable.

Adult patients (C18 years), with Eastern Cooperative Oncology Group (ECOG) performance status (PS) B2, and histologically confirmed malignancy were prospectively enrolled when their Hb baseline levels were B11 g/dL with adequate iron levels (transferring saturation [15%, serum ferritin [10 mg/mL), folic acid ([2 ng/mL) and vitamin B 12 ([200 pg/mL), and life expectancy [12 weeks. Patients were excluded if they had received blood transfusion within the last 4 weeks, had been treated with epoetin within the last 8 weeks, presented hemorrhagic or iron-deficiency anemia, non-controlled hypertension, deepvenous thrombosis or severe arteriopathy.

Treatment and assessments

Anemia was defined as Hb levels B12 g/dl as per current guidelines [START_REF] Bokemeyer | EORTC guidelines for the use of erythropoietic proteins in anaemic patients with cancer: 2006 update[END_REF][START_REF] Rizzo | Use of epoetin and darbepoetin in patients with cancer: 2007 American Society of Clinical Oncology/American Society of Hematology clinical practice guideline update[END_REF]. From February 2006 to September 2007, patients who exhibited from moderate to severe anemia (Hb B 11 g/dl) at baseline were included and treated with a weekly dose of 30,000 IU of epoetin-beta (EB) (NeoRecormon Ò , F Hoffman-La Roche Ltd, Basel, Switzerland) as a pre-filled syringe formulation until the hemoglobin level was [12 g/dl. Other criteria for discontinuation included death, lost of follow-up, patient or investigator decision, more effective alternative, or any other on the best interest of the patient.

Iron supplementation was given at the discretion of the treating physician. Transfusions were given according to standard center practice. In two patients the dose was to be double after the first assessment (60,000 IU/week) also at physician judgment.

Comparison was made of the mean Hb values (mg/dl) prior to EB treatment, half-way through radiochemotherapy (RT/CT) treatment, 4 weeks after completing RT/CT, the week before surgery, and postoperatively (approximately a week after surgery).

Downstaging and downsizing of the tumor were measured. Tumor regression grade (TRG) was quantitated in five grades TRG 1 (complete regression) showed absence of residual cancer and fibrosis extending through the different layers of the esophageal wall; TRG 2 was characterized by the presence of rare residual cancer cells scattered through the fibrosis; TRG 3 was characterized by an increase in the number of residual cancer cells, but fibrosis still predominated; TRG 4 showed residual cancer outgrowing fibrosis; and TRG 5 was characterized by absence of regressive changes [START_REF] Mandard | Pathologic assessment of tumor regression after preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations[END_REF]. Treatment toxicities and perioperative complications were recorded.

Statistical analysis

Data for quantitative variables were reported as the mean, typical error, standard deviation (SD) and 95% confidence interval (95% CI), or as the median and IQR in the case of asymmetry. Comparison was made of the mean hemoglobin values overtime, based on analysis of variance for repeated measures (MANOVA).

Results

Patient characteristics and antitumoral therapy

Eighteen patients with rectal cancer and four patients with esophageal cancer received neo-adjuvant concomitant RT/ CT. They were a median of 68 years old and in general good condition as shown by their performance status (ECOG \ 2, 81.8%) and the low number of chemotherapy cycles they received (median 1) (Table 1). All patients underwent concomitant radiochemotherapy. The median radiation dose was 5,040 (range 4,500-6,480) cGy. Chemotherapy consisted of fluoropyrimidines alone for two-thirds of the patients, meanwhile the rest were given fluoropyrimidines in combination with other agents (cisplatin or oxiplatin).

The tumor characteristics are summarized in Table 2. They were mostly graded as clinical stage II (13.6%) and III (81.8%), resulting in pathological stage I (31.8%), II (27.3%) and III (18.2%) after treatment (Fig. 1a). Remarkably, four patients (18.2%), two in clinical stage II and two in III, achieved complete pathological response. Only one patient presented an inoperable tumor.

Resection was performed a median of 57.5 days from the time of initial RT/CT (Table 1). The majority of patients underwent low anterior (45.5%) or abdominoperineal (27.3%) resections. Partial esophagogastrectomy was necessary in three patients (13.6%), as were gastrectomy and colostomy in one patient each (4.5%). Perioperatory complications during surgery and the month thereafter were uncommon (27.3%), and consisted of infection of the wound in two patients, one rectovaginal fistula, one parastomal hernia, one case of ileum and one sepsis. There was no postoperative death (Table 3).

Epoetin treatment

Patients with Hb levels B11 g/dl were recruited and received EB during neoadjuvant treatment and until surgery was completed. Assessments were done at pretreatment, half-way through concomitant RT/CT, 4 weeks after, the week prior to the resection of the tumor and approximately a week later. Notably, although the dose of EB needed to be transiently doubled in two patients, none of them were administered blood transfusions before or after surgery.

In the study, patients were affected with moderate to severe anemia, showing an average Hb of 10.12 (±0. [START_REF] Bokemeyer | EORTC guidelines for the use of erythropoietic proteins in anaemic patients with cancer: 2006 update[END_REF]) Levels of Hb were closely monitored and the patients discontinued EB treatment every time levels of Hb [ 12 g/ dl were observed in their assessments. As a result no related toxicities were recorded. None of the patients were treated with EB after surgery.

Clinical outcome

Tumor regression was measured as a parameter of the effects of the neoadjuvant treatment on the resected tumor (Fig. 1b). Regressive changes were present in all patients. Most (54.6%) showed good response to neoadjuvant treatment in the surgically removed tissues (TRG 1-2), meanwhile less than half had residual cancer, whether or not outgrowing fibrosis (TRG 3-4). Most importantly, almost one in five patients attained complete regression of their tumors (TRG 1) (Fig. 1b). These data were confirmed by the downstaging and downsizing values recorded after the neoadjuvant treatment (Fig. 1c,d). A total of 18 (81.8%) patients reduced their tumor stage and 20 (90.9%) decreased their tumoral mass. The mean downsizing was 3.6 cm (p \ 0.001), from 5.9 to 2.3 cm of average. No T-level upstaging was evident in this study.

Consequently, at the time of the last assessment on April 2008, 21 patients were alive, 18 (81.8%) were free of the disease, one had stable disease (4.5%) and two (9.1%) exhibited progressive disease. One patient had died due to chemotherapic drug toxicity.

Conclusion

Correction of anemia is advisable since the measure of pretreatment of low Hb level maybe a prognostic factor for rectal cancer patients undergoing neoadjuvant RT/CT and it is a modifiable factor [START_REF] Berardi | Anemia may influence the outcome of patients undergoing neo-adjuvant treatment of rectal cancer[END_REF].

In our series, EB treatment avoided the need of blood transfusion, which by itself increases the risk of developing postoperative problems [START_REF] Voelter | Incidence of anemia in patients receiving neoadjuvant chemotherapy for locally advanced esophagogastric cancer[END_REF]. Moreover, treatment with EB was able to elude preoperative anemia in patients with levels of Hb B 11 g/dl without greatly interfering in the rate of surgical complications usually encountered in this setting, either in alpha-epoetin-treated patients (16%) [START_REF] Abbrederis | Erythropoietin-alfa during neoadjuvant chemotherapy for locally advanced esophagogastric adenocarcinoma[END_REF] or regardless of hematopoietic correction (27.7-31.2%) [START_REF] Chao | Preoperative chemotherapy and radiotherapy for locally advanced rectal cancer[END_REF][START_REF] Suarez | Pathologic response assessed by Mandard grade is a better prognostic factor than down staging for diseasefree survival after preoperative radiochemotherapy for advanced rectal cancer[END_REF].

The reduction in the tumor stage by a full course of radiotherapy plus chemotherapy becomes evident in the histological changes of the tumor samples. The Mandard's classification is been widely used as a regression system and is been shown to predict local failure, disease-free survival, and overall survival [START_REF] Mandard | Pathologic assessment of tumor regression after preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations[END_REF][START_REF] Suarez | Pathologic response assessed by Mandard grade is a better prognostic factor than down staging for diseasefree survival after preoperative radiochemotherapy for advanced rectal cancer[END_REF][START_REF] Vecchio | The relationship of pathologic tumor regression grade (TRG) and outcomes after preoperative therapy in rectal cancer[END_REF]. The complete pathological response (18.2%) recorded in this study in patients with corrected anemia is slightly higher than that obtained with a similar dose of radiotherapy and fluoropyrimidine-based chemotherapy before surgery in advance rectal cancer, regardless of hemoglobin levels (14.2%) [START_REF] Suarez | Pathologic response assessed by Mandard grade is a better prognostic factor than down staging for diseasefree survival after preoperative radiochemotherapy for advanced rectal cancer[END_REF]. As for the percentage of good responses (54.5%), which includes Mandard TGR 1-2, it is superior to that of preoperative approaches in esophageal (42.0%) and rectal cancer (20-31.0%) [START_REF] Rodel | Prognostic significance of tumor regression after preoperative chemoradiotherapy for rectal cancer[END_REF][START_REF] Mandard | Pathologic assessment of tumor regression after preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations[END_REF][START_REF] Suarez | Pathologic response assessed by Mandard grade is a better prognostic factor than down staging for diseasefree survival after preoperative radiochemotherapy for advanced rectal cancer[END_REF][START_REF] Vecchio | The relationship of pathologic tumor regression grade (TRG) and outcomes after preoperative therapy in rectal cancer[END_REF][START_REF] Bouzourene | Importance of tumor regression assessment in predicting the outcome in patients with locally advanced rectal carcinoma who are treated with preoperative radiotherapy[END_REF].

In fact, a closer insight on the effects on anemia correction on neoadjuvant therapy supported that non-anemic patients significantly achieved not only better tumor response than anemic patients as per rectal cancer regression rate scale (55 vs. 28%), but also higher rate of complete pathological responses (19 vs. 4%), and downstaging (55 vs. 16%) [START_REF] Box | Neoadjuvant therapy for rectal cancer: improved tumor response, local recurrence, and overall survival in nonanemic patients[END_REF].

The short course of radiotherapy and addition of 5FUbased antitumor drugs often result in downstaging or downsizing of digestive tract tumors that, in turn, increase the rate of curative resection and reduce locoregional failure [START_REF] Kapiteijn | Preoperative radiotherapy combined with total mesorectal excision for resectable rectal cancer[END_REF][START_REF] No_Authors_Listed | Improved survival with preoperative radiotherapy in resectable rectal cancer. Swedish rectal cancer trial[END_REF][START_REF] Benzoni | Prognostic value of tumor regression grading and depth of neoplastic infiltration within the perirectal fat after combined neoadjuvant radiochemotherapy and surgery for rectal cancer[END_REF]. While other studies in rectal cancer patients with chemoradiation showed a downstaging rate between 43.5 and 60.4% [START_REF] Chao | Preoperative chemotherapy and radiotherapy for locally advanced rectal cancer[END_REF][START_REF] Suarez | Pathologic response assessed by Mandard grade is a better prognostic factor than down staging for diseasefree survival after preoperative radiochemotherapy for advanced rectal cancer[END_REF][START_REF] Das | Predictors of tumor response and downstaging in patients who receive preoperative chemoradiation for rectal cancer[END_REF], in the present study, a remarkable 81.8% of the patients reduced their tumor stage, which correlated with a significant shrinking of the tumor (90.9%). Therefore, EB treatment of these patients does not seem to promote tumor growth when anemia correction is achieved following current guidelines.

Resection is typically performed 6 weeks after completion of radiotherapy. Further delay leading to increased downsizing [START_REF] Tran | Evaluation of safety of increased time interval between chemoradiation and resection for rectal cancer[END_REF], which may be relevant to the present results in which the median time was of around 8 weeks. We speculate that the good clinical outcome we observed maybe a consequence of the tumor regression rates and downstaging observed, as they have been proposed as prognostic factors for disease-free survival and better tumor control [START_REF] Suarez | Pathologic response assessed by Mandard grade is a better prognostic factor than down staging for diseasefree survival after preoperative radiochemotherapy for advanced rectal cancer[END_REF]; however, the brief follow-up period does not allow to conclude on the tumor locoregional control or survival data.

Despite the encouraging results, this study sustained two main difficulties. First, the small size of the sample and, secondly, a heterogeneous patient population bearing various tumors and undergoing different chemotherapy regimens. Also, an assessment of the QoL was not carried out because of the short length of the neoadjuvant treatment, as well as due to the later referral of patients for surgery, which would hinder the analysis of such evaluation. However, we believe it may provide an overview on the efficacy and security of EB in patients with digestive malignancies subjected to neoadjuvant fluoropyrimidineor platinum-based radiochemotherapy.

Similarly, although iron metabolism parameters (serum ferritin, serum iron, transferrin saturation index) were tested in all patients before inclusion, it is also possible that some of them may have presented a type of anemia unrelated to the chemotherapy treatment. On the other hand, we speculate that EB does not promote tumor growth; nevertheless, the results cannot demonstrate the impact of the anemia correction on the efficacy of the neoadjuvant treatment. Moreover, anemia correction and efficacy may be independent events. Finally, the absence of erythropoietin-related adverse events is noteworthy. Thus, in summary, EB treatment in our series of patients with digestive malignancies subjected to neoadjuvant radiochemotherapy proved effective and safe, avoiding the need for transfusion during surgery. Moreover, in this series of patients, anemia correction had no negative effects over tumor downstaging or downsizing. Therefore, we suggest that the use of erythropoietin in support of a preoperative radiochemotherapy regimen for these patients should be considered.

Fig. 2

 2 Fig. 2 Effect of epoetin-beta on mean hemoglobin (Hb) levels in patients undergoing neoadjuvant chemotherapy against digestive tract tumors. Error bars 95% CI

  

Table 1

 1 Baseline characteristics of patients subjected to preoperative chemoradiotherapy

	Age	Median Range
	Years	68	49-79
	Gender	n	%
	Male	8	36.4
	Female	14	63.6
	ECOG-PS	n	%
	0	1	4.5
	1	17	77.3
	1-2	3	13.6
	2	1	4.5
	Cycle of chemotherapy	n	%
	1	16	72.7
	2	3	13.6
	3-5	3	13.6
	Chemotherapeutic agent	n	%
	5FU	14	63.6
	5FU ? CDDP	5	22.7
	UFT	2	9.1
	FOLFOX	1	4.5
	Radiotherapy	Median Range
	Total dose (cGy)	5,040	4,500-6,480
	Time from neoadjuvant therapy to resection Median IQR
	Days	57.5	49.0-73.5
	ECOG-PS eastern cooperative oncology group performance status,
	5FU 5-fluorouracil, CDDP cisplatin, UFT tegafur-uracil, FOLFOX 5-
	fluorouracil/leucovorin/oxaliplatin, cGy centigray	

Table 2

 2 Tumor characteristics

		n	%
	Tumor location		
	Rectum	17	77.3
	Esophagus	2	9.1
	Cardias	2	9.1
	Anal canal	1	4.5
	Clinical TNM stage		
	II (cT3N0M0)	3	13.6
	III (cT3N1M0)	11	50.0
	III (cT3N2M0)	1	4.5
	III (cT4N1M0)	5	22.7
	III (cT4N2M0)	1	4.5
	IV (cT3N2M1)	1	4.5
	Pathologic TNM stage		
	0 (pT0N0M0)	4	18.2
	I (pT1N0M0)	1	4.5
	I (pT2N0M0)	6	27.3
	II (pT3N0M0)	5	22.7
	II (pT4N0M0)	1	4.5
	III (pT0N2M0)	1	4.5
	III (pT3N1M0)	2	9.1
	III (pT3N2M0)	1	4.5
	Unresectable	1	4.5
	Fig. 1 Tumor characteristics		
	and outcomes. a Percentage of		
	patients in clinical and		
	pathological stages. b		
	Percentage of patients in tumor		
	regression graded as TRG 1,		
	complete regression; TRG 2,		
	rare residual cancer cells; TRG		
	3, some residual cancer cells but		
	fibrosis still predominated; TRG		
	4, residual cancer outgrowing		
	fibrosis. c Percentage of patients		
	showing downsizing. d		
	Percentage of patients showing		
	downstaging		

Table 3

 3 Surgery and complications 

	Time from neoadjuvant therapy to resection Median IQR
	Days	57.5	49.0-73.5
	Type of resection	n	%
	Low anterior	10	45.5
	Abdominoperineal	6	27.3
	Partial esophagogastrectomy	3	13.6
	Gastrectomy	1	4.5
	Colostomy	1	4.5
	Hartmann resection	1	4.5
	Surgical complications	n	%
	No complications	16	72.7
	Post-operative wound infection	2	9.1
	Rectovaginal fistula	1	4.5
	Parastomal hernia	1	4.5
	Ileum	1	4.5
	Sepsis	1	4.5
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