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Abstract

Background: We aimed to investigate the roles of hemoglobin (Hb) concentrations and dynamic change during
treatment on outcomes of patients with extremity osteosarcoma.

Methods: We retrospectively analysed 133 patients with Enneking stage IIB extremity osteosarcoma who
underwent standard treatments, including univariate and multivariate analyses of patient charateritics, Hb
concentrations and changes during pretreatment, neoadjuvant, adjuvant chemotherapy, and decreased Hb levels
(ΔHb) to assess their prognostic value in 5-year overall survival (OS) and lung metastasis-free survival (LMFS).

Results: Five-year OS or LMFS were similar between patients who were anaemic and non-anaemic during
pretreatment, neoadjuvant or adjuvant chemotherapy. Patients with continuously decreasing Hb had lower 5-year
OS (52.3%) than those without continuous Hb decrease (68.5%, P = 0.04). Patients with ΔHb > 7.6 g/L had lower 5-
year OS (57.5%) than those with ΔHb ≤7.6 g/L (75.8%, P = 0.04). However, continuous Hb decrease had no
prognostic effect on 5-year LMFS. Subgroup analyses showed that patients who were anaemic during pretreatment,
neoadjuvant, or adjuvant chemotherapy with ΔHb ≤7.6 g/L had better outcomes than those with ΔHb > 7.6 g/L (P
< 0.05, for both).

Conclusion: Dynamic Hb decrease and ΔHb > 7.6 predicted poor5-year OS in patients with Enneking stage IIB
extremity osteosarcoma. Attempts to correct anaemia and their effects on outcomes for osteosarcoma patients
should be investigated in future trials.
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Background
Osteosarcoma is the most common solid bone malignancy
in children and adolescents. With the integration of neo-
adjuvant, adjuvant chemotherapy and surgery, the 5-year
overall survival (OS) rate has increased to 50–70% for
non-metastatic extremity osteosarcoma. However, an
improvement of OS has been sparse in the last 2 decades,
although clinicians have tried to combine different

chemotherapy agents to achieve better survival outcomes
[1]. Many hypotheses account for the lack of improvement
in OS. However, the lack of individual risk stratification
and tailored therapy for osteosarcoma patients may partly
account for this disappointing progress.
Haemoglobin (Hb) levels are reported to be a prognos-

tic factor in many malignancies [2–5] with low pretreat-
ment Hb level shown to predict poor outcomes in most
studies. Lower Hb concentration may cause a decline of
blood oxygen supply and tumour hypoxia, which may
contribute to the development of treatment resistance
[6, 7]. Additionally, dynamic Hb changes during treat-
ment are reportedly better survival predictors for
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nasopharyngeal carcinoma [8, 9]. Osteosarcoma patients
are widely thought to benefit from high doses chemo-
therapy of long duration. As chemotherapy resistance is
a major cause of treatment failure [10]. Changes in Hb
during neoadjuvant and adjuvant chemotherapy for
osteosarcoma patients may be a fruitful area of study;
few data regarding the prognostic value of Hb levels for
osteosarcoma patients have been available.
In this study, we investigated whether Hb levels and

differences in decreased Hb levels during therapy could
predict the survival outcomes of patients with Enneking
stage IIB extremity osteosarcoma.

Methods
Patients and treatment
Patients with Enneking stage IIB extremity osteosaroma
who were treated in the First Affiliated Hospital of Sun
Yat-sen University between 2003 and 2010 were enrolled
in this retrospective study. Written informed consent for
participation in the study was obtained from participants
or their parents. This study was approved by the Institu-
tional Ethical Board of the First Affiliated Hospital of
Sun Yat-sen University.
Needle biopsies were performed when potential patients

presented themselves in the clinic, followed complete blood
tests, magnetic resonance imaging of lesion site, computed
tomography scan of lung and emission computed tomog-
raphy of whole body before treatments. The treatment
protocol is shown in Fig. 1, and was described in our previ-
ous study [11]. The chemotherapy protocol included
methotrexate, cisplatin, doxorubicin, and ifosfamide, which
are the most commonly used agents in practice.
Blood transfusions were administered if the Hb level

was < 70 g/L. No epoetin alfa was used for osteosarcoma
patients in our centre.
The inclusion criteria were (a) pathologically con-

firmed osteosarcoma; (b) tumours that had originated in
the extremities without lung metastasis at diagnosis; (c)
availability of complete Hb levels records; and (d)

standard treatment received as described above. Patients
with a Karnofsky Performance State score < 70, older
than 40 years or incomplete clinical data were excluded.

Definition of anaemia and Hb groups
Patients younger than 14 years of age or males were
considered anaemic if theie Hb level was < 120 g/L, or <
110 g/L for females older than 14 years, according to the
World Health Organization’s definition of anaemia.
Hb baseline level (pretreatment Hb level) was mea-

sured before neoadjuvant chemotherapy for all patients.
During treatment, Hb level was assessed at the begin-
ning of every chemotherapy cycle, 1 day before surgery,
and every 3 days after surgery for 1 week. If the results
were abnormal, Hb level would be examined every
2 days. The neoadjuvant Hb level was defined as the
average of all Hb concentrations during neoadjuvant
chemotherapy. The adjuvant Hb level was defined as the
average of all Hb concentrations during adjuvant chemo-
therapy. Continuous Hb decrease was defined as Hb
baseline level > neoadjuvant Hb > adjuvant Hb. The indi-
vidual difference in Hb value (ΔHb) was equal to the Hb
baseline level minus the adjuvant Hb level.

Follow-up
After completing treatment, all patients were followed
up every 3 months for Years 1 and 2, every 4 months for
Year 3, every 6 months for Years 4 and 5, and yearly
thereafter. X-ray examinations of the lesion site and
computed tomography scans of the lungs were per-
formed for every clinic visit in the clinic; emission com-
puted tomography of the whole body would be
performed if potential metastasis or relapse was noticed.

Statistical analysis
SPSS (version 19.0, Chicago IL) statistical software was
used for the statistical analysis. OS was defined as the
time from diagnosis to death from any cause or the last
follow-up visit. Lung metastasis-free survival (LMFS)

Fig. 1 The chemotherapeutic agents and the treatment protocol of 133 patients
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was defined as the time from diagnosis to detection of
lung metastasis for patients with no lung metastasis at
the time of initial diagnosis.
The Kaplan-Meier method was used to calculate sur-

vival curve; differences between curves were evaluated
by the log-rank test. Univariate and multivariate analyses
tested the prognostic value of potential factors. Variables
found to be significant in the univariate analysis were se-
lected for inclusion in the multivariate analysis with the
Cox proportional hazard model. P value < 0.05 was con-
sidered significant.
The optimal cut-off value for ΔHb was measured by

the receiver operating characteristic (ROC) curve. The
best threshold was the minimal distance to the ideal
point on the ROC curve, for which Se(c) + Se(p) - 1 was
maximized. The total population of this study was then
stratified according to this best cut-off point [12].

Results
Patient characteristics
We retrospectively reviewed and analysed 133 patients
with Enneking stage IIB extremity osteosarcoma who
had received standard treatment. Their characteristics
are shown in Table 1. Their median follow-up time was
62.7 months (range: 8.5–132.3 months). Their 5-year OS
was 61.5% (Fig.2a ), and LMFS was 55.1% (Fig. 2b) by
Kaplan-Meier survival analysis.
The mean pretreatment Hb level was 130.9 g/L (median

131.0 g/L; range: 71.0–162 g/L). Of the 133 patients, 39
(29.2%) were diagnosed as having anaemia before any
treatment. Their mean neoadjuvant Hb concentration was
117.2 g/L (median: 117.5 g/L, range: 68.5–149.0 g/L). We
found 99 patients (74.4%) to have anaemia during neoad-
juvant chemotherapy. Their mean adjuvant Hb level was
114.8 (median 114.5 g/L; range: 70.2–151.2 g/L). During
adjuvant chemotherapy, 98 patients (73.7%) were found to
be anaemic. According to Hb levels during the therapy
period, 68 (44.7%) patients were classified into the Hb
continuously-decreased group and 84 (55.3%) patients
into the non-continuously decreased group.

ΔHb cut-off value
The area under the ROC curve for ΔHb was 0.60 (95%
CI: 0.51–0.70; P = 0.04). The ΔHb cut-off value was 7.
6 g/L (85.2% sensitivity; 31.6% specificity). We divided
33 (24.8%) patients into the ΔHb ≤ 7.6 group, and 100
(75.2%) into the ΔHb > 7.6 group.

Treatment outcomes according to Hb levels
Survival outcomes at different Hb levels are shown in
Table 2. The anaemia and non-anaemia groups did not
significantly differ in 5-year OS. Patients with continu-
ously decreased Hb had worse 5-year OS than those with
non-continuous Hb decrease (52.3% vs. 68.5%, P = 0.04,

Fig. 3a). Additionally the ΔHb ≤ 7.6 and ΔHb > 7.6 groups
significantly differed in 5-year OS (75.8% vs. 57.5%, P = 0.
04, Fig. 3b).
However, in subgroup analyses of anaemic patients

with ΔHb > 7.6 in the pretreatment, neoadjuvant and ad-
juvant groups their 5-year OS was significantly worse
than that of theiranaemic counterparts with ΔHb ≤ 7.6
(P = 0.03, 0.01 and 0.02, respectively).
No significant difference were found in 5-year LMFS

when patients were stratified by their pretreatment, neo-
adjuvant, adjuvant Hb or ΔHb cut-off levels, or when
patients were stratified by Hb continuous and non-
continuous changes or in subgroup analysis.

Univariate and multivariate analysis
Table 3 summarizes the univariate and multivariate ana-
lysis of common prognostic factors and Hb levels.
Tumour size, alkaline phosphatase, Platelet and ΔHb

Table 1 Characteristics of the included patients

Variables Patient (n) %

Age (y)

< 14 42 31.6

≥ 14 91 68.4

Gender

Male 91 68.4

Female 42 31.6

Primary site

Femur 74 55.3

Tibia 37 27.6

Fibula 10 7.2

Humerus 9 6.6

Radius 3 3.3

Enneking stage

IIB 133 87.5

Pathological fracture

No 122 92.1

Yes 11 7.9

Histological type

Osteoblastic 106 79.6

Chondroblastic 19 14.5

Fibroblastic 5 3.9

Others 3 2

Tumor size

≦8 cm 65 48.9

>8 cm 68 51.1

Surgery type

Amputation 33 25.0

Limb sparing 100 75.0
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status retained their prognostic value for 5-year OS in
univariate and multivariate analyses.

Discussion
In this study, we investigated relationships between Hb
levels during different therapy periods and survival out-
comes for extremity osteosarcoma. Hb levels at diagno-
sis or during neoadjuvant or adjuvant chemotherapy had
no predictive ability for 5-year OS or LMFS in the uni-
or multivariable analyses. However, continuous Hb de-
crease or ΔHb > 7.6 g/L were predictive of 5-year OS in
these patients. In subgroup analyses, anaemia patients
whose Hb decreased > 7.6 g/L had worse survival out-
comes than those whose Hb decreased < 7.6 g/L.
Anaemia has been found to reduce survival in many

cancers, including cancers of cervix, head, neck, lung and
breast. Published articles have indicated several underlying
mechanisms. Anaemia is widely thought to lead to tumour
hypoxia, and subsequently to angiogenesis, and genetic
mutations, and to resistance to apoptosis, chemotherapy
and radiotherapy. Green et al. reported that hypoxia would
directly reduce formation of reactive O2 species and indir-
ectly slow the cell cycle to affect the chemotherapeutic re-
sponse [13]. Hypoxia may also decrease tumour control
through the induction of hypoxia-inducible factor 1 alpha
(HIF-1α), which could combine with constitutive HIF-1βto
form a transcription factor that improves expression of
proangiogenic agents, such as erythropoietin, vascular
endothelial growth factor and glucose transporters [14].
Hypoxia is proven to increase metastasis and progression
of osteosarcoma through the HIF-1α/CXCR4 pathway in

vitro [15, 16]. HIF-1α also functtions in anaemia induced-
doxorubicin resistance of human osteosarcoma cells [17].
Some authors suggest that anaemia is a marker for

malnutrition, other comorbidities or the severity of the
underlying illness [18]. Anaemia may result from bleed-
ing, nutritional deficiencies, bone marrow damage and
the malignant process itself. We may reasonably spectu-
late that anaemia interacts with tumour progression to
affect survival outcomes of patients with malignancies.
We found no prognostic value for Hb concentrations,

per se, at different treatment times on 5-year OS of
osteosarcoma. However, patients with continuous Hb
decreases during therapy had poorer outcomes than
those without continuous Hb decreases. Furthermore,
the cut-off of 7.6 g/L for decreases in Hb level (com-
pared with initial Hb level) was a predictor of 5-year OS
that we found for this population. The specificity of cut-
off value for ΔHb was 31.6%, which may be caused by
small amount of included patients and presence of other
confounding variables, such as albumin level.
As changes in Hb levels during treatment are reportedly

more important prognostic variable than the Hb level at
baseline [9, 19, 20]. We surmised that a certain amount of
Hb decrease would represent poorer nutrition and de-
creased response to CHT. However, the underlying mech-
anism is still unclear. Additionally, our subgroup analyses
revealed that patients with pretreatment anaemia, neoadju-
vant anaemia or adjuvant anaemia had poorer survival out-
comes when Hb concentration decreased more than 7.6 g/
L from their initial Hb concentrations. Our study did not
find significant prognostic value of Hb levels on 5-year

Fig. 2 Kaplan-Meier curves showing the overall survival (OS) (a) and the lung metastasis free survival (LMFS) (b) of the included patients
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LMFS. This may reflect the insufficient number of included
patients or reporting bias. The definitive effect of Hb levels
on lung metastasis should be studied in future clinical trials.
Correction of anaemia should be considered in clinical

practice as decreased Hb levels by more than 7.6 g/L ap-
parently affect treatment outcomes in extremity osteo-
sarcoma. To our knowledge, blood transfusion and
erythropoietin could be used to correct anaemia. Kapp
et al. found that transfusion of red blood cells could
quickly improve Hb concentrations and prognosis in

anaemia patients who underwent radiotherapy for cer-
vical cancer [21]. The latest prospective, randomized
controlled trial revealed that patients with cancers who
received a restrictive strategy of erythrocyte transfusion
(transfusion when haemoglobin concentration < 7 g/dl)
had more mortality and severe clinical complications
than those receiving a more liberal strategy (transfusion
when haemoglobin concentration < 9 g/dl) [22]. This
study indicates the increased necessity of anaemia recti-
fication. However, some studies reported a negative

Table 2 Treatment outcomes of different groups according to Hb level

Variables Overall survival LMFS

Patient 5-year OS(%) P 5-year LMFS P

Pretreatment Hb

Anaemia 39 61.5 0.40 58.4 0.59

No anaemia 94 58.3 53.7

Neoadjuvant Hb

Anaemia 99 57.9 0.11 51.8 0.14

No anaemia 34 70.2 64.6

Adjuvant anaemia

Anaemia 98 62.2 0.73 56.6 0.66

No anaemia 35 62.5 51.3

Hb dynamic change

Continuous decrease 58 52.3 0.04 49.6 0.23

Noncontinuous decrease 75 68.5 59.4

Δ Hb level

Δ Hb≤ 7.6 33 75.8 0.04 62.9 0.31

Δ Hb > 7.6 100 57.5 52.6

Pretreatment anaemia

Δ Hb≤ 7.6 21 77.1 0.03 62.6 0.52

Δ Hb > 7.6 18 46.5 52.9

Pretreatment non-anaemia

Δ Hb≤ 7.6 12 57.7 0.91 63.6 0.53

Δ Hb > 7.6 82 53.1 52.5

Neoadjuvant anaemia

Δ Hb≤ 7.6 24 76.3 0.01 64.6 0.15

Δ Hb > 7.6 75 44.7 47.4

Neoadjuvant non-anaemia

Δ Hb≤ 7.6 8 57.1 0.43 57.1 0.65

Δ Hb > 7.6 26 67.4 66.5

Adjuvant anaemia

Δ Hb≤ 7.6 17 19.5 0.02 69.3 0.24

Δ Hb > 7.6 81 50.1 53.4

Adjuvant non-anaemia

Δ Hb≤ 7.6 15 58.6 0.85 53.8 0.80

Δ Hb > 7.6 20 58.3 50.0

OS overall survival, LMFS lung metastasis free survival, ΔHb individual decreased Hb level
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effect of blood transfusion in anaemia patients who
underwent radiotherapy for cervical carcinoma, possibly
because of immunosuppression and other adverse effects
[23, 24]. In recent years, erythropoietin has been exten-
sively used in the clinic. Some studies have shown that
in patients with oesophageal cancers, adminstration of
erythropoietin led to lower transfusion requirements and
a greater survival benefit than placebo [25]. Neverthelss,
a prospective, randomized-controlled trial of 351 pa-
tients with head and neck cancers found that patients
who received erythropoietin to achieve Hb levels higher
than 140 g/L (women) or 150 g/L (men) had poorer

locoregional progression-free survival than those who
received placebo [26]. The roles of blood transfusion
and erythropoietin thus remain controversial. Few data
are available on the effect of anaemia correction for
osteosarcoma patients. Therefore, future studies on how
to correct anaemia for patients who suffer from cancers,
including osteosarocma, are needed.
The strengths of our study include a cohort who re-

ceived standard treatments and long follow-up (more than
5 years); a focus on the prognostic value of dynamic
changes in Hb levels during treatments, and the use of
multivariate methods of statistical analysis to test the

Fig. 3 Kaplan-Meier curves showing the overall survival (OS) in Hb continuously decreased and noncontinuously decreased groups (a), ΔHb
≤7.6 g/L and ΔHb > 7.6 g/L groups (b)

Table 3 univariate and multivariate analysis of clinical factors for 5-year overall survival

Outcomes and variables Univariate
p value

Multivariate

Odds Ratios 95% CI P value

5-year overall survival

Tumor size ≦8 cm vs. >8 cm <0.001 2.63 1.47–4.71 0.01

Age 0.337 – – –

Gender 0.510 – – –

Δ Hb≤ 7.6 vs. > 7.6 0.039 1.99 1.20–4.46 0.044

ALP 0.035 2.13 1.35–3.37 0.040

PLT 0.042 1.99 1.01–2.19 0.050

Primary site 0.871 – – –

Pathological fracture 0.914 – – –

Histological type 0.352 – – –

Surgery type 0.422 – – –

Δ Hb: individual decreased Hb level; ALP: alkaline phosphatase; PLT: platelet
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prognostic value of Hb level change during therapy. Our
study also had some limitations. Firstly, it was a retro-
spective study, including data from only one institution.
Secondly, the number of patients included was not large
enough to draw concrete conclusions regarding differ-
ences between treatment groups. Thirdly, continuous
haemoglobin decrease can only be evaluated at the con-
clusion of treatment according to the data analysis regi-
men of this study.

Conclusion
In our study, Hb levels at the time of diagnosis, neoadju-
vant or adjuvant chemotherapy cannot predict 5-year
OS and LMFS on Enneking stage IIB extremity osteosar-
coma. However, patients with continuous Hb decrease
were shown to have worse 5-year OS than those without
continuous Hb decrease. Patients whose Hb concentra-
tion decreased by more than 7.6 g/L had worse out-
comes than patients whose Hb decreased by less. The
role of anarmia and the effects of attempts to correct it,
in outcomes for osteosarcoma patients should be investi-
gated in future trials.

Abbreviation
Hb: haemoglobin; LMFS: lung metastasis free survival; OS: overall survival;
ROC: operating characteristic; Δ Hb: difference in Hb decrease

Acknowledgments
We thank Xinlin Chen who gave us suggestions on data analysis.

Funding
This study was supported by grants from the National Natural Science
Foundation of China (81572638 to Xianbiao Xie, 81201388 to Jingnan Shen).

Availability of data and materials
All data generated during this study are included in this published article.
The datasets used during the current study available from the corresponding
author on reasonable request.

Authors’ contribution
JT and LW contributed to writing of the first version of manuscript and
interpretation of data. ZH and BW contribute to collation and disposal of
data, writing the revised manuscripts and performance of univariate and
multivariate analyses of the prognostic factors. YW, HL, WL and XZ
contributed to patients’ follow up in clinic. JK, MW and GH contributed to
data analysis and patients’ follow up in clinic. JY, XX and JS contributed to
the conception and design of the study and manuscript submission.
All authors have read and approved the final manuscript.

Ethics approval and consent to participate
Written informed consent for participation in the study was obtained from
participants or their parents. This study was approved by the Institutional
Ethical Board of the First Affiliated Hospital of Sun Yat-sen University.

Consent for publication
Not applicable.

Competing interest
The authors have disclosed no relevant financial relationship.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Musculoskeletal Oncology, First Affiliated Hospital of Sun
Yat-sen University, Guangzhou 510080, China. 2Department of
Anesthesiology, Sun Yat-sen University Cancer Center, Guangzhou, China.
3Department of Endocrinology, First Affiliated Hospital of Sun Yat-sen
University, Guangzhou, China. 4The eight year program, Zhongshan School
of Medicine, Sun Yat-sen University, Guangzhou, China.

Received: 6 August 2016 Accepted: 21 March 2018

References
1. Biermann JS, Adkins DR, Agulnik M, Benjamin RS, Brigman B, Butrynski JE,

Cheong D, Chow W, Curry WT, Frassica DA, et al. Bone cancer. Journal of
the National Comprehensive Cancer Network : JNCCN. 2013;11(6):688–723.

2. Chen Y, Zhang L, Liu WX, Liu XY. Prognostic significance of preoperative
anemia, leukocytosis and thrombocytosis in chinese women with epithelial
ovarian cancer. Asian Pacific journal of cancer prevention : APJCP. 2015;
16(3):933–9.

3. Zhang Y, Chen Y, Chen D, Jiang Y, Huang W, Ouyang H, Xing W, Zeng M,
Xie X, Zeng W. Impact of preoperative anemia on relapse and survival in
breast cancer patients. BMC Cancer. 2014;14:844.

4. Yovino S, Kwok Y, Krasna M, Bangalore M, Suntharalingam M. An association
between preoperative anemia and decreased survival in early-stage non-
small-cell lung cancer patients treated with surgery alone. Int J Radiat Oncol
Biol Phys. 2005;62(5):1438–43.

5. Dubsky P, Sevelda P, Jakesz R, Hausmaninger H, Samonigg H, Seifert M,
Denison U, Mlineritsch B, Steger G, Kwasny W, et al. Anemia is a significant
prognostic factor in local relapse-free survival of premenopausal primary
breast cancer patients receiving adjuvant cyclophosphamide/methotrexate/
5-fluorouracil chemotherapy. Clinical cancer research : an official journal of
the American Association for Cancer Research. 2008;14(7):2082–7.

6. Hong JH, Tsai CS, Chang JT, Wang CC, Lai CH, Lee SP, Tseng CJ, Chang TC,
Tang SG. The prognostic significance of pre- and posttreatment SCC levels
in patients with squamous cell carcinoma of the cervix treated by
radiotherapy. Int J Radiat Oncol Biol Phys. 1998;41(4):823–30.

7. Koukourakis MI, Giatromanolaki A, Sivridis E, Pastorek J, Karapantzos I, Gatter
KC, Harris AL. Hypoxia-activated tumor pathways of angiogenesis and pH
regulation independent of anemia in head-and-neck cancer. Int J Radiat
Oncol Biol Phys. 2004;59(1):67–71.

8. Chua DT, Sham JS, Choy DT. Prognostic impact of hemoglobin levels on
treatment outcome in patients with nasopharyngeal carcinoma treated with
sequential chemoradiotherapy or radiotherapy alone. Cancer. 2004;101(2):307–16.

9. Gao J, Tao YL, Li G, Yi W, Xia YF. Involvement of difference in decrease of
hemoglobin level in poor prognosis of stage I and II nasopharyngeal
carcinoma: implication in outcome of radiotherapy. Int J Radiat Oncol Biol
Phys. 2012;82(4):1471–8.

10. Bishop MW, Janeway KA, Gorlick R. Future directions in the treatment of
osteosarcoma. Curr Opin Pediatr. 2016;28(1):26–33.

11. Han J, Yong B, Luo C, Tan P, Peng T, Shen J. High serum alkaline
phosphatase cooperating with MMP-9 predicts metastasis and poor
prognosis in patients with primary osteosarcoma in southern China. World
journal of surgical oncology. 2012;10:37.

12. Greiner M, Pfeiffer D, Smith RD. Principles and practical application of the
receiver-operating characteristic analysis for diagnostic tests. Preventive
veterinary medicine. 2000;45(1–2):23–41.

13. Green SL, Giaccia AJ. Tumor hypoxia and the cell cycle: implications for
malignant progression and response to therapy. The cancer journal from
Scientific American. 1998;4(4):218–23.

14. Semenza G. Signal transduction to hypoxia-inducible factor 1. Biochem
Pharmacol. 2002;64(5–6):993–8.

15. Guan G, Zhang Y, Lu Y, Liu L, Shi D, Wen Y, Yang L, Ma Q, Liu T, Zhu X, et
al. The HIF-1alpha/CXCR4 pathway supports hypoxia-induced metastasis of
human osteosarcoma cells. Cancer Lett. 2015;357(1):254–64.

16. Guo M, Cai C, Zhao G, Qiu X, Zhao H, Ma Q, Tian L, Li X, Hu Y, Liao B, et al.
Hypoxia promotes migration and induces CXCR4 expression via HIF-1alpha
activation in human osteosarcoma. PLoS One. 2014;9(3):e90518.

17. Roncuzzi L, Pancotti F, Baldini N. Involvement of HIF-1alpha activation in the
doxorubicin resistance of human osteosarcoma cells. Oncol Rep. 2014;32(1):
389–94.

Tu et al. BMC Cancer  (2018) 18:428 Page 7 of 8



18. Thakur N, Chandra J, Pemde H, Singh V. Anemia in severe acute
malnutrition. Nutrition. 2014;30(4):440–2.

19. MacRae R, Shyr Y, Johnson D, Choy H. Declining hemoglobin during
chemoradiotherapy for locally advanced non-small cell lung cancer is
significant. Radiotherapy and oncology : journal of the European Society for
Therapeutic Radiology and Oncology. 2002;64(1):37–40.

20. Obermair A, Cheuk R, Horwood K, Janda M, Bachtiary B, Schwanzelberger B,
Stoiber A, Nicklin JL, Perrin LC, Crandon AJ. Impact of hemoglobin levels
before and during concurrent chemoradiotherapy on the response of
treatment in patients with cervical carcinoma: preliminary results. Cancer.
2001;92(4):903–8.

21. Kapp KS, Poschauko J, Geyer E, Berghold A, Oechs AC, Petru E, Lahousen M,
Kapp DS. Evaluation of the effect of routine packed red blood cell
transfusion in anemic cervix cancer patients treated with radical
radiotherapy. Int J Radiat Oncol Biol Phys. 2002;54(1):58–66.

22. de Almeida JP, Vincent JL, Galas FR, de Almeida EP, Fukushima JT, Osawa
EA, Bergamin F, Park CL, Nakamura RE, Fonseca SM, et al. Transfusion
requirements in surgical oncology patients: a prospective, randomized
controlled trial. Anesthesiology. 2015;122(1):29–38.

23. Monk BJ, Tewari K, Gamboa-Vujicic G, Burger RA, Manetta A, Berman ML.
Does perioperative blood transfusion affect survival in patients with cervical
cancer treated with radical hysterectomy? Obstet Gynecol. 1995;85(3):343–8.

24. Santin AD, Bellone S, Parrish RS, Coke C, Dunn D, Roman J, Theus JW,
Cannon MJ, Parham GP, Pecorelli S. Influence of allogeneic blood
transfusion on clinical outcome during radiotherapy for cancer of the
uterine cervix. Gynecol Obstet Investig. 2003;56(1):28–34.

25. Rades D, Tribius S, Yekebas EF, Bahrehmand R, Wildfang I, Kilic E, Muellerleile
U, Gross E, Schild SE, Alberti W. Epoetin alfa improves survival after
chemoradiation for stage III esophageal cancer: final results of a prospective
observational study. Int J Radiat Oncol Biol Phys. 2006;65(2):459–65.

26. Henke M, Laszig R, Rube C, Schafer U, Haase KD, Schilcher B, Mose S, Beer
KT, Burger U, Dougherty C, et al. Erythropoietin to treat head and neck
cancer patients with anaemia undergoing radiotherapy: randomised,
double-blind, placebo-controlled trial. Lancet. 2003;362(9392):1255–60.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Tu et al. BMC Cancer  (2018) 18:428 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and treatment
	Definition of anaemia and Hb groups
	Follow-up
	Statistical analysis

	Results
	Patient characteristics
	ΔHb cut-off value
	Treatment outcomes according to Hb levels
	Univariate and multivariate analysis

	Discussion
	Conclusion
	Abbreviation
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contribution
	Ethics approval and consent to participate
	Consent for publication
	Competing interest
	Publisher’s Note
	Author details
	References

