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Abstract

Background

Anemia related to adjuvant chemotherapy might predict compromised survival in patients

with breast cancer. The present population-based study was to investigate the correlation

of pretreatment anemia with pathological response and long-term prognosis of breast can-

cer patients receiving neoadjuvant chemotherapy (NCT).

Methods

From 1999 to 2011, a total of 655 patients with operable or locally advanced breast cancer

who underwent NCT before definitive surgery were reviewed. The patients were subdivided

into anemic (baseline hemoglobin (Hb)<12.0g/dL) and non-anemic (Hb�12.0g/dL) groups.

Comparison was made between anemic and non-anemic groups concerning the rate of

pathological complete response (pCR), relapse-free survival (RFS), overall survival (OS)

and cancer-specific survival (CSS). Logistic and Cox regression models were utilized to

determine the predictive value of pretreatment anemia in outcomes of patients undergoing

NCT.

Results

166 women (25.3%) were anemic before treatment. Patients in the anemic group were less

likely to achieve pCR in NCT than their non-anemic counterparts (odds ratio (OR) 0.428,

95% confidence interval (CI) 0.198–0.927, p = 0.031). Patients with baseline anemia dis-

played inferior 10-year RFS (59.1% vs 66.0%, p = 0.022 by log-rank), OS (75.3% vs 90.9%,

p<0.001) and CSS (82.4% vs 94.4%, p<0.001) compared with those without. After adjust-

ment for confounders, pretreatment anemia was demonstrated to correlate with elevated

risk of relapse (hazard ratio (HR) 1.453, 95% CI 1.077–1.962, p = 0.015), cancer-specific

mortality (HR 2.961, 95% CI 1.679–5.222, p<0.001) and all-cause mortality (HR 2.873, 95%

CI 1.757–4.699, p<0.001).
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Conclusions

Pretreatment anemia was associated with worse pathological response to NCT as well as

survival status in breast cancer. Further studies are warranted to identify optimal interven-

tions and improve the prognosis of this subgroup.

Introduction
Anemia is a syndrome prevalent in patients with cancer. According to earlier reports, an esti-
mated 30–90% of cancer patients are complicated with anemia [1]. Previous studies have iden-
tified anemia as an independent prognostic factor, which has an adverse influence on survival
in several types of cancer including breast cancer [2,3]. In a population-based study involving
2,690 patients with operable breast cancer, preoperative anemia was associated with worse
relapse-free survival (RFS) as well as overall survival (OS) [4]. The compromised survival
observed among cancer patients with anemia has been mainly attributed to decreased capacity
of oxygen transport and thus tumor hypoxia [5]. It is well established that hypoxia in tumor
mass is a major therapeutic obstacle in radiotherapy since cancer cells tend to be resistant to
ionizing radiation under hypoxic conditions [6]. Baseline hemoglobin (Hb) levels have been
found to correlate with outcomes of radiotherapy in patients with cancer of head and neck [7],
cervix [8], prostate [9] and breast [10]. In addition, hypoxic environment induces cancer cells
into a quiescent state and decreases the fraction of cellular proliferation, thus rendering tumor
less responsive to cytotoxic agents in chemotherapy [11]. Previous findings indicated that ane-
mia might be predictive of worse treatment outcomes of chemotherapy in breast cancer [12].
However, most studies were performed in the adjuvant setting, where a direct evaluation of
tumor responsiveness to chemotherapy was lacking.

Neoadjuvant chemotherapy (NCT) administered prior to definitive surgical resection is rec-
ommended as the standard of care in locally advanced breast cancer. In recent years, expanded
use of NCT has been seen in even early stage breast cancer cases. It shrinks the tumor mass and
increases the odds of surgical removal of tumors that are initially inoperable. Besides, NCT
presents itself as an optimal model of assessing treatment efficacy in vivo and identifying
potential response-related clinical or biological factors which are able to discriminate chemo-
resistant cancer cases from sensitive ones. A few studies investigated the association of pretreat-
ment Hb concentrations with response to NCT in breast cancer patients but inconsistent find-
ings were obtained. Bottini et al reported that low Hb levels (�13g/dL) negatively influenced
response to NCT in breast cancer possibly via inhibition of anti-proliferative activity [13].
Another cohort study however, failed to observe any statistically significant association
between Hb levels and clinical response to NCT [14]. Whether or not baseline anemia could
contribute to poor treatment outcomes in the neoadjuvant setting has yet to be elucidated. It is
noteworthy that previous studies were mostly retrospective based on small cohorts, which mer-
its further research in expanded population.

In the current study we evaluated anemia before treatment as a predictive variable for
response to NCT and as a prognostic factor in patients with breast cancer. The primary aim of
this cohort study was to determine the impact of pretreatment anemia on pathological
response to NCT, and the secondary aim was to illuminate the relationship between initial ane-
mia and relapse or survival of these patients.
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Methods

Study population
From January 1999 to December 2011, a total of 655 consecutive patients with operable or
locally advanced breast cancer who received NCT at Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College (Beijing, China) were enrolled in the pres-
ent study. Medical records were reviewed and relevant information was retrospectively col-
lected including demographic characteristics, tumor presentation, histopathologic assessment
and therapy details. Diagnosis with invasive carcinoma was confirmed by core needle biopsy
(CNB) and the lymph node status was evaluated by fine needle aspiration (FNA) of palpable
lymph nodes if applicable. Before the initiation of NCT, bilateral breast MRI or ultrasound,
chest X-ray, abdominal ultrasound or CT scan and bone scintigraphy were performed to deter-
mine clinical staging. Stage IV disease, bilateral breast cancer, male breast cancer, inflammatory
breast cancer or patients complicated with other malignancies were excluded from the current
analysis. The study was approved by the institutional review board (IRB) of Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College. Informed consent
requirements were waived by the IRB since an honest broker provided a de-identified dataset
for the analysis.

The last Hb measurement within 2 weeks before initiation of NCT was set as pretreatment
Hb level and incorporated into the present analysis. We defined pretreatment anemia as
Hb<12.0g/dL according to the World Health Organization (WHO) criteria, and the patients
were then subdivided into anemic (Hb<12.0g/dL) and non-anemic (Hb�12.0g/dL) groups.

Treatment, response evaluation and follow-up
All participants underwent 4–6 cycles of NCT with AT (Doxorubicin 50g/m2 IV day1, Pacli-
taxel 175mg/m2 IV day2, q21d) or ET (Epirubicin 75g/m2 IV day1, Paclitaxel 175mg/m2 IV
day2, q21d) regimens before surgery. Other preoperative anti-cancer treatments such as endo-
crine therapy and radiotherapy were precluded in this study. Within one month after comple-
tion of NCT mastectomy or breast-conserving surgery was performed in association with
sentinel lymph node biopsy (SLNB) or axillary lymph node dissection (ALND). After surgery
the patients received another 2–4 cycles of adjuvant chemotherapy to fulfill a total of 6–8 cycles
of chemotherapy when indicated. Adjuvant radiotherapy was prescribed at the discretion of
physicians according to clinical as well as pathological assessment, followed by endocrine ther-
apy in cases with hormone receptor positive tumors. For patients with human epidermal
growth factor receptor-2 (HER-2) over-expressing tumors, Trastuzumab was recommended in
adjuvant setting alone or in combination with chemotherapy.

Evaluation of clinical response to NCT was carried out for every two cycles of chemotherapy
based on physical and imaging examinations (breast MRI or ultrasound). Pathological response
was assessed by two independent pathologists and pathological complete response (pCR) was
defined as the absence of invasive carcinoma from both the breast and lymph nodes of the
resected specimen. Residual ductal carcinoma in situ (DCIS) was factored into the pCR group.

Follow-up visits at Cancer Hospital were scheduled every 3 months during the first year,
every 6 months for the next 2 years and annually thereafter. History and physical examinations
were obtained every 6 months for the first 5 years. Mammogram, chest X-ray and gynecologic
assessments (if applicable) were performed every 12 months during the first 5 years. Then after
5 years only physical examinations, mammogram and gynecologic assessments (if applicable)
were required annually. For patients with regional disease, chest CT, abdominal±pelvic ultra-
sound and bone scan were evaluated yearly to monitor for metastatic relapse. Data on
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individual vital status and causes of death was collected by regular telephone surveys and medi-
cal charts review. Minimum duration of follow-up was two years.

Immunohistochemistry and pathology
Pathological evaluation and determination of intrinsic subtypes utilizing tumor specimens
from CNB was completed prior to treatment. Immunohistochemistry (IHC) was carried out to
decide the status of estrogen receptor (ER), progesterone receptor (PR) and HER-2. ER or PR
positivity was defined as at least 1% of tumor cells were positive with nuclear staining. HER-2
expression status was described as 0, 1+, 2+ and 3+ by IHC, and tumors were HER-2 positive if
they were reported as 3+ by IHC or positive by florescent in situ hybridization (FISH). Other-
wise the tumors were HER-2 negative.

Statistical analysis
The Chi-squared test was performed to compare the distribution of patient characteristics
between anemic and non-anemic groups. A multivariate logistic regression model was used to
determine the association between pCR and potential predictive factors. RFS was defined as
the interval between initiation of NCT and the date of disease relapse or death from any cause.
OS was calculated from the date of treatment initiation to the date of death. Cancer-specific
survival (CSS) was determined from the date of NCT initiation to the date of breast cancer-spe-
cific death. Cases without relapse or death events were censored at the date of last follow-up.
Survival curves were estimated using the Kaplan—Meier method and unadjusted comparison
of these estimates was made using log-rank test. Cox proportional hazards regression model
was utilized to identify independent prognostic factors. All p values reported were two-sided
with p<0.05 being considered statistically significant. All statistical analyses were performed
with SPSS version 19.0 (SPSS Company, Chicago, IL).

Results

Pretreatment anemia and patient characteristics
In all, 655 women with breast cancer were enrolled in this cohort study. The median age of
study population was 48 years old (range 23–78 years). 60.6% of the patients were premeno-
pausal. 166 women (25.3%) were anemic before treatment which corroborated previous report
about the prevalence of initial anemia [4]. As showcased in Table 1, no significant difference
was observed in the distribution of clinical and histopathologic characteristics between anemic
and non-anemic groups. Inter-group comparison was also performed concerning the systemic
treatment status. Individuals from either group received a median of 4 cycles of chemotherapy
(range 4–6). Instead of standard dosing protocols, decreased therapy dosing was administered
in 9.6% of anemic patients and 9.0% of non-anemic ones (p = 0.805) at the first cycle, as a result
of low baseline Hb level (<90g/dL) or competing conditions such as cardiovascular diseases.
Also, there was no evident disparity in the incidence of toxicity-associated dose reduction or
delay during treatment between groups (7.8% vs 8.2%, p = 0.887). Moreover, the rates of post-
operative treatment were well balanced between two groups, which consisted of adjuvant che-
motherapy (81.9% vs 80.2%, p = 0.619), radiotherapy (74.7% vs 76.7%, p = 0.603), endocrine
(67.5% vs 63.6%, p = 0.368) and targeted anti-HER2 therapy (36.2% vs 34.9%, p = 0.245).

Pretreatment anemia and pathological response to NCT
66 (10.1%) out of 655 patients achieved pCR after NCT. As exhibited in Table 2, in anemic
group the rate of pCR was only 5.4%, which was considerably lower than that of non-anemic
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Table 1. Patient characteristics by pretreatment anemia status.

N (%) All Hb<12g/dL Hb�12g/dL
N = 655 (100%) N = 166 (25.3%) N = 489 (74.7%) χ2 p

Age

�50 y 397(60.6) 108(65.1) 289(59.1) 1.844 0.174

>50 y 258(39.4) 58(34.9) 200(40.9)

Menopause

No 397(60.6) 111(66.9) 286(58.5) 3.646 0.056

Yes 258(39.4) 55(33.1) 203(41.5)

BMI

<25 339(51.8) 87(52.4) 252(51.5) 0.038 0.845

�25 316(48.2) 79(47.6) 237(48.5)

Histology

Invasive ductal 592(90.4) 149(89.8) 443(90.6) 0.231 0.891

Other 63(9.6) 17(10.2) 46(9.4)

Histologic grading

G1, G2, or G x 442(67.5) 111(66.9) 331(67.7) 1.982 0.371

G3 213(32.5) 55(33.1) 158(32.3)

Estrogen receptor

Positive 382(58.9) 98(59.8) 284(58.6) 0.073 0.787

Negative 267(41.1) 66(40.2) 201(41.4)

Progesterone receptor

Positive 382(58.9) 95(57.9) 287(59.2) 0.079 0.779

Negative 267(41.1) 69(42.1) 198(40.8)

HER-2 overexpression

Positive 227(34.7) 58(34.9) 169(34.6) 0.153 0.926

Negative 376(57.4) 96(57.8) 280(57.3)

Unknown 52(7.9) 12(7.2) 40(8.2)

Clinical tumor stage

T1 26(4.0) 6(3.6) 20(4.1) 2.022 0.568

T2 272(41.5) 65(39.2) 207(42.3)

T3 and T4 357(54.5) 95(57.2) 262(53.6)

Clinical node status

N0 152(23.2) 33(19.9) 119(24.3) 1.381 0.240

�N1 503(76.8) 133(80.1) 370(75.7)

Clinical stage

II 269(41.1) 60(36.1) 209(42.7) 2.228 0.136

III 386(58.9) 106(63.9) 280(57.3)

Pathologic tumor stage

T0 91(13.9) 15(9.0) 76(15.5) 5.160 0.271

T1 288(44.0) 74(44.6) 214(43.8)

T2 194(29.6) 52(31.3) 142(29.0)

T3 and T4 82(12.5) 25(15.0) 57(11.6)

Pathologic node status

N0 216(33.0) 54(32.5) 162(33.1) 0.245 0.970

N1 182(27.8) 48(28.9) 134(27.4)

N2 137(20.9) 33(19.9) 104(21.3)

N3 120(18.3) 31(18.7) 89(18.2)

Pathologic stage

(Continued)
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group (11.7%; p = 0.024 by Chi-squared test). Logistic regression model was applied in order to
disclose any association between pCR and potential predictive variables. After adjustment for
confounders including age, menopausal status, BMI, histology, grade, ER, PR, HER-2 expres-
sion, tumor size, node status, clinical stage and comorbidity, anemia remained indicative of

Table 1. (Continued)

N (%) All Hb<12g/dL Hb�12g/dL
N = 655 (100%) N = 166 (25.3%) N = 489 (74.7%) χ2 p

0 66(10.1) 9(5.4) 57(11.7) 5.685 0.128

I 89(13.6) 26(15.7) 63(12.9)

II 220(33.6) 58(34.9) 162(33.1)

III 280(42.7) 73(44.0) 207(42.3)

Type of surgery

Mastectomy 593(90.5) 156(94.0) 437(89.4) 3.073 0.080

Breast-conserving surgery 62(9.5) 10(6.0) 52(10.6)

Lymphovascular invasion

No 551(84.1) 137(82.5) 414(84.7) 0.422 0.516

Yes 104(15.9) 29(17.5) 75(15.3)

Adjuvant chemotherapy

No 127(19.4) 30(18.1) 97(19.8) 0.247 0.619

Yes 528(80.6) 136(81.9) 392(80.2)

Adjuvant radiotherapy

No 156(23.8) 42(25.3) 114(23.3) 0.270 0.603

Yes 499(76.2) 124(74.7) 375(76.7)

Endocrine therapy

No 232(35.4) 54(32.5) 178(36.4) 0.812 0.368

Yes 423(64.6) 112(67.5) 311(63.6)

Comorbidity

No 538(82.1) 143(86.1) 395(80.8) 2.433 0.119

Yes 117(17.9) 23(13.9) 94(19.2)

doi:10.1371/journal.pone.0136268.t001

Table 2. Outcomes of patients by pretreatment anemia status.

N (%) All Hb<12g/dL Hb�12g/dL
N = 655 (100%) N = 166 (25.3%) N = 489 (74.7%) χ2 p

pCR

No 589(89.9) 157(94.6) 432(88.3) 5.317 0.021

Yes 66(10.1) 9(5.4) 57(11.7)

Relapse

No 452(69.0) 104(62.7) 348(71.2) 4.201 0.040

Yes 203(31.0) 62(37.3) 141(28.8)

Cancer-specific death

No 607(92.7) 143(86.1) 464(94.9) 13.949 <0.001

Yes 48(7.3) 23(13.9) 25(5.1)

Death

No 591(90.2) 135(81.3) 456(93.3) 19.994 <0.001

Yes 64(9.8) 31(18.7) 33(6.7)

Abbreviations: pCR: pathological complete response.

doi:10.1371/journal.pone.0136268.t002
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decreased likelihood of pCR (odds ratio (OR) 0.428, 95% confidence interval (CI) 0.198–0.927,
p = 0.031). Moreover, age (OR 4.805, 95% CI 1.845–12.515, p = 0.001) and ER status (OR
4.199, 95% CI 1.904–9.261, p<0.001) were revealed to be independent predictive factors of
pCR. However, we failed to observe significant association between baseline Hb levels and
pathological response to NCT when Hb was evaluated as a continuous variable (OR 1.007, 95%
CI 0.990–1.024, p = 0.452).

Pretreatment anemia and survival
By the last follow-up on December 31, 2014, 203 (31.0%) relapse events and 64 (9.8%) deaths
have occurred. The median duration of follow-up was 76 months. As shown in Table 2,
patients in the anemic group displayed significantly higher rates of recurrence (37.3% vs
28.8%, p = 0.042) and mortality (18.7% vs 6.7%, p<0.001) compared with their non-anemic
counterparts. 10-year RFS was 59.1% for the anemic group and 66.0% for the non-anemic
group respectively (Fig 1A, p = 0.022 by log-rank test). Additionally, the anemic group pre-
sented inferior 10-year OS (Fig 1B, 75.3% vs 90.9%, p<0.001) and CSS (Fig 1C, 82.4% vs
94.4%, p<0.001) when contrasted with the non-anemic group.

In order to further explore factors affecting the link between anemia and disease outcomes,
we carried out subgroup analysis based on history of adjuvant radiotherapy (Table 3). 76.2% of
patients (n = 499) were given radiotherapy following surgery and among these individuals
baseline anemia was correlated with notably higher rates of relapse and death. Intriguingly
enough, for radiation-naive patients (n = 156) preexisting anemia did not exhibit any differen-
tiating role in disease-specific prognosis, although we did observe an overall survival disadvan-
tage in patients with pretreatment anemia (p = 0.041).

Table 4 exhibits the prognostic value of candidate factors by multivariate Cox regression
analysis. Pretreatment anemia was associated with elevated risk of relapse (hazard ratio (HR)
1.453, 95% CI 1.077–1.962, p = 0.015). Furthermore, patients with baseline anemia were more
likely to die from breast cancer compared with non-anemic women (HR 2.961, 95% CI 1.679–
5.222, p<0.001). Also, after ruling out the influence of confounding elements, pretreatment
anemia was demonstrated to be independently predictive of higher all-cause mortality (HR
2.873, 95% CI 1.757–4.699, p<0.001). When further assessed as a continuous variable, pre-
treatment Hb level was again demonstrated to be a prognostic factor, with lower Hb concentra-
tions related to inferior CSS (HR 0.979, 95% CI 0.961–0.997, p = 0.021) and OS (HR 0.977,
95% CI 0.962–0.992, p = 0.003).

Discussion
In the present population-based study which reviewed a relatively large number of patients
with breast cancer receiving NCT, we evaluated the predictive value of pretreatment anemia in
outcomes of NCT. It was found that women complicated with anemia prior to NCT were less
likely to achieve pCR compared with those non-anemic patients. Pretreatment anemia was
associated with inferior pathological response to NCT as well as long-term prognosis in breast
cancer.

As a common complication in patients with malignancy, anemia could possibly result from
multiple etiological elements including predisposing factors, disease itself and treatment [15].
In our study which focused on anemia present before treatment, anemia was apparently not
related to anti-cancer therapy. Predisposing iron deficiency due to menstrual cycles might con-
tribute to low Hb levels prior to NCT [12]. As described by Table 1, there were a higher propor-
tion of premenopausal women in anemic group (66.9%) than the non-anemic group (58.5%),
which suggested a potential relationship between menopausal status and pretreatment anemia
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Fig 1. Relapse-free survival (A), overall survival (B) and cancer-specific survival (C) for patients
receiving neoadjuvant chemotherapy with (blue) or without (green) pretreatment anemia.Unadjusted
comparison of estimates was made by log-rank test.

doi:10.1371/journal.pone.0136268.g001
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although this association failed to reach statistical significance. In addition, cancer per se could
be a cause of pretreatment anemia. The ways in which cancer induces or aggravates anemia
have been summarized [16]. Foremost was by generation of specific cytokines leading to func-
tional iron deficiency, which then reduces production and longevity of red cells [17]. Also, can-
cer cells may directly infiltrate into bone marrow and suppress hematopoietic activity. Chronic
hemorrhage at the tumor site caused by invasion of cancer cells might worsen anemia. More-
over, cancer-related anemia could be ascribed to inadequate intake of iron, folate and vitamin
B12 secondary to anorexia. In this study, the effect of cancer on baseline Hb status could not be
fully ruled out given that nearly 60% of reviewed cases were locally advanced. Patients in the
anemic group tended to develop more advanced diseases (63.9% in stage III) compared with
those with normal Hb levels (57.3% in stage III, p = 0.145). Similar finding was reported by
Zhang et al that preoperative anemia was more frequent in breast cancer patients with higher
clinical stage (p<0.001) [4].

Table 3. Correlation of pretreatment anemia with outcomes of patients with or without adjuvant radiotherapy.

N (%) Adjuvant radiotherapy N = 499 No adjuvant radiotherapy N = 156

Hb<12g/dL Hb�12g/dL Hb<12g/dL Hb�12g/dL
N = 124 (24.8%) N = 375 (75.2%) χ2 p N = 42 (26.9%) N = 114 (73.1%) χ2 p

Relapse

No 72(58.1) 274(73.1) 9.865 0.002 32(76.2) 74(64.9) 1.793 0.181

Yes 52(41.9) 101(26.9) 10(23.8) 40(35.1)

Cancer-specific death

No 105(84.7) 357(95.2) 15.030 <0.001 38(90.5) 107(93.9) 0.536 0.464

Yes 19(15.3) 18(4.8) 4(9.5) 7(6.1)

Death

No 100(80.6) 349(93.1) 15.947 <0.001 35(83.3) 107(93.9) 4.163 0.041

Yes 24(19.4) 26(6.9) 7(16.7) 7(6.1)

doi:10.1371/journal.pone.0136268.t003

Table 4. Multivariate analysis of prognostic factors for RFS, CSS and OS.

Variables RFS CSS OS

HR (95% CI) p HR (95% CI) p HR (95% CI) p

BMI 1.373(1.038–1.816) 0.026 NS NS NS NS

Histology NS NS 2.304(1.115–4.762) 0.024 1.979(1.029–3.806) 0.041

Estrogen receptor status NS NS 3.681(2.025–6.694) <0.001 NS NS

Clinical node status 1.823(1.170–2.838) 0.008 NS NS NS NS

Pathologic node status 5.255(3.284–8.410) <0.001 5.882(2.311–14.969) <0.001 2.840(1.444–5.586) 0.002

Pathologic stage 1.386(0.538–3.568) 0.499 NS NS NS NS

Lymphovascular invasion 1.977(1.427–2.738) <0.001 NS NS NS NS

Adjuvant radiotherapy 1.877(1.341–2.629) <0.001 NS NS NS NS

Endocrine therapy 2.093(1.565–2.799) <0.001 NS NS NS NS

Anemia 1.453(1.077–1.962) 0.015 2.961(1.679–5.222) <0.001 2.873(1.757–4.699) <0.001

Baseline Hb level 0.993(0.984–1.002) 0.122 0.979(0.961–0.997) 0.021 0.977(0.962–0.992) 0.003

Abbreviations: RFS: relapse-free survival; CSS: cancer-specific survival; OS: overall survival; HR: hazard ratio; CI: confidence interval; Ref: reference

group; NS: non-statistically significant.

doi:10.1371/journal.pone.0136268.t004
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The current population-based study provided clinical evidence with regard to the associa-
tion between pretreatment anemia and poor response to NCT in breast cancer. In order to
determine if baseline anemia was independently predictive of treatment efficacy, we performed
detailed evaluation of critical confounders concerning preoperative chemotherapy. It was
found that patients in both groups were given equal cycles of NCT with similar patterns of dos-
ing reduction or delay during treatment. Given that the distribution of clinical and therapy-
related elements was well balanced between groups, it would be relatively safe to conclude that
pretreatment anemia was a predictor of response to NCT. One putative mechanism that under-
pinned the link between anemia and resistance to chemotherapy was tumor hypoxia. Particu-
larly in breast cancer, hypoxia-related cellular resistance to anthracylines and taxanes, which
were most widely used therapeutic drugs in clinical management of breast cancer, has been
repeatedly investigated in vitro and in vivo. For anthracyclines, it was reported that under hyp-
oxic condition P450 reductase interacted with anthracycline, which was then turned into a
compound without anti-cancer activity following cleavage of a glycosidic bond [18]. Moreover,
suppressed generation of reactive oxygen species, which participated in oxidative stress and cel-
lular apoptosis, in cancer cells exposed to hypoxia represented another mechanism of resis-
tance to anthracyclines [19]. Further studies revealed that hypoxia-inducible factor-1 (HIF-1)
was essential in cellular adaptation to hypoxia and small interfering RNA targeting HIF-1 effec-
tively overcame hypoxia-induced resistance to anthracyclines in breast cancer [20]. As for tax-
anes, AP-1, another crucial transcription factor, was also implicated in hypoxia-mediated
protection against paclitaxel-induced apoptosis apart from HIF-1 [21]. Recent profiling study
using whole transcriptome analysis identified gene TMEM45A to be involved in hypoxia-
induced resistance to taxol in breast cancer cells [22].

Our study added to evidence with respect to the prognostic value of pretreatment anemia in
patients with breast cancer. We demonstrated that anemia before treatment was predictive of
worse response to NCT, which partly accounted for survival disadvantage observed in this sub-
group. In addition to chemotherapy, radiotherapy was an indispensable modality in postopera-
tive treatment of breast cancer and substantially improved local control of the disease.
Response to ionizing irradiation was dependent on oxygenation status of tumor and studies
have established tumor hypoxia as a predictor of unfavorable outcomes after radiotherapy in
breast cancer [23,24]. Clinical findings about how Hb levels influence response to radiotherapy
in breast cancer have been limited. In a prospective cohort study which involved women with
single local recurrence lesion after mastectomy, the patients received radiotherapy following
radical resection of recurrence lesion. Low Hb concentrations at the time of first relapse were
found to correlate with shortened interval to second local failure or distant metastasis [25].
Another retrospective study reported that preoperative Hb concentration negatively affected
DFS of patients receiving breast-conserving surgery followed by radiation rather than those
undergoing mastectomy without radiotherapy [10]. Consistent with previous data, we found in
subgroup analysis that the differentiating effects of pretreatment anemia on relapse and sur-
vival were manifest only in the patients who underwent radiotherapy after surgery, indicating
that worse outcome associated with pretreatment anemia was also attributable to resistance to
radiotherapy. Despite all this evidence, it is less likely that microscopic residual disease deposits
are severely hypoxic as they can still obtain oxygen via passive diffusion. This raises the possi-
bility that any residual disease arising from a background of preexisting anemia is more radio-
resistant and carries an inferior prognosis. Accordingly, the observed correlation between
anemia and cancer prognosis should be independent of radiation history and our unplanned
subgroup analysis might not be powered to reveal the anemia-related disparity in survival due
to the small number of events in the radiation-free group. More large-scale studies are needed
to elucidate the interaction between anemia, radiation and disease outcome in breast cancer.
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At least two studies were carried out to evaluate the impact of baseline Hb levels on response
to chemotherapy in neoadjuvant setting in breast cancer. In a cohort study enrolling 157
women, patients with baseline Hb�13g/dL were less clinically responsive to NCT [13]. Yet
another prospective study (n = 139) failed to reveal significant association between pretreat-
ment Hb levels and response to NCT [14]. In the present study we assessed pretreatment Hb
concentration as both categorical and continuous variable. As a categorical variable, pretreat-
ment Hb level was demonstrated to be prognostic and predictive of response to NCT, while as
a continuous variable it was prognostic but not predictive for NCT benefit. Compared with
previous work, our current study was of greater clinical importance in the following aspects.
To start with, a relatively large cohort of patients was subject to analysis which helped increase
the power of this study and reliability of derived results. Second, different from earlier studies,
we adopted pCR instead of clinical response as primary outcome of NCT given the widely
accepted notion that pCR after NCT was a robust prognostic factor in breast cancer indepen-
dent of other covariates. Factors considerably influencing rate of pCR were more clinically crit-
ical and worthy of further research. Moreover, previous findings were mostly obtained from
studies assessing traditional chemotherapy regimens such as CMF, which could not be equally
applied to current clinical practice. Our study nonetheless, evaluated effect of anemia among
patients treated with regimens containing both anthracyclines and taxanes, which were most
frequently administered agents in management of breast cancer nowadays. Last but not least,
our data initially added to evidence for the impact of baseline anemia on NCT outcomes
among Chinese women with breast cancer. Further exploration is needed to characterize the
racial disparity in cancer-related anemia and its prognostic value.

Residual tumors after NCT were in essence composed by chemo-resistant subclones which
contributed to cancer progression and distant metastasis. Considering the relatively low
response to chemotherapy and survival disadvantage ascribed to pretreatment anemia in breast
cancer, physicians are justified to carefully evaluate the condition and provide sound interven-
tions for anemic patients especially in neoadjuvant setting. For now three treatment options
are available for correction of cancer-related anemia including iron supplement, packed red
cell transfusion and erythropoiesis-stimulating agents (ESA). Iron supplement, either intrave-
nous or oral, was indicated only in those with definite iron deficiency confirmed by relevant
blood biochemical tests. Our study suggested that menstruation-caused iron deficiency could
partly account for pretreatment anemia, which rationalized routine assessment of nutritional
status in premenopausal cancer patients with anemia. What is more, in the present analysis a
vast majority of anemic patients with anemia (92.2%) was mildly anemic, for whom packed red
cell transfusion was usually unnecessary. With regard to ESA, disappointing results have been
released from a series of prospective clinical trials. Recently in a meta-analysis of randomized
trials evaluating ESA use in patients with breast cancer, it was found that ESA use was associ-
ated with elevated risk of disease progression and mortality [26]. Pre-clinical data indicated
ESA protected breast cancer stem-like cells from cytotoxic agents in vitro [27] and promoted
metastasis in vivo [28]. The aforementioned evidence has led to restricted use of ESA, which
was recommended only in combination with chemotherapy in metastatic breast cancer
patients with Hb<10g/dL [29]. Data from large cohort studies also highlighted the link
between blood transfusion and increased risk of thrombotic events as well as mortality in can-
cer patients [30]. Yet caution should be taken when we interpreted the paradoxical influence of
anemia correction on disease outcomes. Treatment-related adverse events such as thromboem-
bolism and potential tumor-promoting mechanisms probably accounted for the negative prog-
nostic effect of options including ESA and red cell transfusion, which provided rationale for
exploration of better alternatives with fewer side effects. On the other hand, as previously dis-
cussed tumors developing in the setting of preexisting anemia were likely to be more stem-like
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with greater potential of invasion and metastasis, so correction of anemia after diagnosis of
malignancy might be ineffective and even counterproductive. In future, molecular therapeutics
targeting aberrant signaling pathways implicated in hypoxia-induced resistance may present as
promising strategy. Further prospective randomized studies are warranted to identify optimal
interventions and improve the prognosis of this subgroup.

Conclusions
The present population-based study demonstrated that pretreatment anemia was related to
worse pathological response to NCT as well as survival status in breast cancer. Further studies
are warranted to identify optimal interventions and improve the prognosis of this subgroup.
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