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OBSERVATIONAL STUDY

Prognostic Value of Chemotherapy-Induced Neutropenia
at the First Cycle in Invasive Breast Cancer

Rui-Min Ma, MD, Chuan-Zhi Chen, MD, Wei Zhang, MD, Jie You, MD,
Du-Ping Huang, MD, and Gui-Long Guo, MD, PhD

Abstract: Chemotherapy-induced neutropenia (CIN) was the most
apparent side effects of bone marrow suppression with adjuvant che-
motherapy. Recently, several studies revealed that CIN may predict
better outcomes. However, the researches upon breast cancer were still
indefinite.

We reviewed the female patients with pathologically diagnosed
invasive breast cancer at the First Affiliated Hospital of Wenzhou
Medical University, between Jan 2008 and Dec 2010. The lowest
neutrophil counts in the second week after the first cycle of chemother-
apy were collected. Clinicopathological characteristics and survival
rates were compared and analyzed between the CIN group and non-
CIN group.

The median follow-up time was 62 months. The differences of over-
all survival and local recurrence-free survival between the 2 groups
were nonsense (P = 0.938, P = 0.695, respectively). But the disease-free
survival and distant metastasis-free survival of the CIN group were
statically significantly better (HR =0.391, P =0.009, and HR =0.315,
P=0.005, respectively). The bone metastasis-free survival may be
responsible for the differences (HR=10.469, P=10.005). Subgroup
analyses showed the CIN may predict lower bone metastases rates with
ER positive status, premenopause or younger age (< 40) (P=0.002,
P =0.004, and P =0.0001, respectively). Cox analysis showed younger
ages, N staging, and the presence of CIN were associated with bone
metastasis-free survival independently adjusting to peritumoral vascular
invasion (P < 0.05).

CIN may predict a decreased recurrence risk of breast cancer,
especially bone metastases.

(Medicine 95(13):3240)

Abbreviations: ABCSG-12 = Austrian Breast and Colorectal
Cancer Study Group Trial-12, BC = breast cancer, BMFS = bone
metastasis-free survival, BRT = blood routine test, CI = confidence
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interval, CIN = chemotherapy-induced neutropenia, CXCR4 =
chemokine receptor 4, DFS = disease-free survival, DMFS =
distant metastasis-free, ER = estrogen receptor, FGF = fibroblast
growth factor, G-CSF = granulocyte-colony-stimulating factor,
HER-2 = human epidermal growth factor receptor-2, HR = hazard
ratio, IGF = insulin-like growth factor, IHC =
immunohistochemical, IL11 = interleukin 11, LRFS = local
recurrence-free survival, MMP1 = matrix metalloproteinase 1,
NCI-CTC = National Cancer Institute Common Toxicity Criteria,
OPN = osteopontin, OS = over-all survival, PDGF = patelet-derived
growth factor, PR = progesterone receptor, PTHLH = parathyroid
hormone-like hormone, PVI = peritumoral vascular invasion, SREs
= skeletal-related events, TGF-f = transforming growth factor (,
TNBC = triple negative breast cancer, VMFS = visceral metastasis-
free survival.

INTRODUCTION

B reast cancer (BC) is regarded as the most common malig-
nancy among women worldwide.! BC is the first leading
cause of female cancer death among those aged 20 to 59-year
old.> As is recognized, the best way to cure for BC upon
diagnosis is surgery. Usually, there involves chemotherapy,
which used to consolidate the achievements. Though taking
neoadjuvant or adjuvant chemotherapy improves over-all sur-
vival (OS) and recurrence-free survival, the side effects cannot
be ignored.’ >

Chemotherapy-induced neutropenia (CIN) is the most
serious hematologic toxicity of cancer chemotherapy and is
defined as 4 grades in accordance with National Cancer Institute
Common toxicity Criteria (NCI-CTC).%7 All patients treated
with chemotherapy are at risk for CIN,® which occurs most
frequently during the first cycle.® It is dangerous and life-
threatening when fever neutropenia arises.®

Studies indicate that CIN predicted better outcomes in
cancers such as lung cancer, advanced gastric cancer, and
metastatic colorectal cancer.'®"'> However, the improved out-
comes in BC are indefinite. Ishitobi et al'* found that only
distant disease-free survival was better in BC with neoadjuvant
CIN. Meanwhile, Han et al'* revealed only better OS in BC with
adjuvant CIN.

The purpose of this study was to investigate the deep
relationship between CIN and survival of BC, and thence to
figure out whether CIN could be used as an indicator of
prognosis and guide for clinic work.

METHODS

We reviewed female patients with pathologically diag-
nosed invasive BC (T1-4 NO-3 MO0), who were treated at the
First Affiliated Hospital of Wenzhou Medical University in
China, between January 2008 and December 2010. Four hun-
dred ten consecutive patients were finally enrolled with exclu-
sion criteria as follows: unknown immunohistochemical (IHC)
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results or indefinite human epidermal growth factor receptor-2
(HER-2) status, bilateral invasive BC or noninvasive BC,
history of abnormal bone marrow function, history of che-
motherapy without NCCN guidelines or insufficient course,
taking neoadjuvant chemotherapy, and no history of blood
routine test (BRT) during the second week after adjuvant
chemotherapy. Demographic, pathologic, and laboratory data
of all patients were collected from electronic medical records.
The research protocol was approved by the Ethics Committee of
the First Affiliated Hospital of Wenzhou Medical University,
and written informed consents were obtained from every
patient. They were followed up till May 2015 to obtain
survival information.

Patients took breast conserving surgery within their own
command when technically and cosmetically feasible. The
others underwent radical surgeries. Axillary dissection was
carried out when sentinel lymph node was positive.

Pathological results were evaluated by more than 2 associate
chief physicians, according to the WHO classification. The IHC
standard referred to St. Gallen version 2013: estrogen receptor
(ER) positive defined >1%; progesterone receptor (PR) positive
meant >20%; and HER-2 over-expression considered complete
and intense membrane staining of at least 10% of neoplastic cells
(3+). Tumors showing weak-to-moderate circumferential mem-
brane immunoreactivity (2+) of HER-2 were further subjected to
fluorescence in situ hybridization assays.

Endocrine therapy for more than 5 years was recom-
mended to ER-positive patients. Patients with HER-2 over-
expression were prescribed to receive Herceptin, a target
therapy, after chemotherapy. (Among 238 ER-positive patients,
11 obtained the IHC rates above 1% and less than 10%. They
were reassessed before taking the endocrine therapy because of
the changed criterion in 2010.).

Chemotherapy and Supportive Treatment

Adjuvant chemotherapy was performed in 10 days after
operation. The patients had received 6 cycles of intravenous
FEC (5-fluorouracil 600 mg/m?, epirubicin 90 mg/m? and
cyclophosphamide 600 mg/m?), TEC (docetaxel 75mg/m?,
epirubicin 60 mg/m?, and cyclophosphamide 500 mg/m?), or
TC (docetaxel 75 mg/m? and cyclophosphamide 600 mg/m?).

Granulocyte-colony-stimulating factor (G-CSF) was used
in grade 4 neutropenia or febrile neutropenia. The next cycle of
chemotherapy was delayed until recovery for a neutrophil count
of 1.5x 10°/L from neutropenia or any other significant
hematologic toxicity.

Assessment of Neutropenia

Patients were suggested to take BRTs after chemotherapy
on day 7, day 10, day 14, and the day before the next cycle (day
20 or day 21). Laboratory data, obtained after the first cycle with
the lowest neutrophil count, were collected before taking G-
CSFs. Neutropenia was graded in accordance with NCI-CTC
version 4.0 (grade 0 equates to within normal limits; grade 1
equates to a neutrophil count of between 1.5 and 2.0 x 10%/L;
grade 2 equates to a neutrophil count of between 1.0 and
1.5 x 10%/L; grade 3 equates to a neutrophil count of between
0.5 and 1.0 x 10°/L; and grade 4 equates to a neutrophil count
below 0.5 x 10°/L).

Follow-Up

All patients underwent physical examinations, blood tests,
breast ultrasound, and chest X-rays every 3 to 6 months for the
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first 5 years postoperatively, and they were followed up every
year thereafter. Computed tomography or emission computed
tomography was used when metastasis was suspected. And the
metastatic area was defined as the first diagnosed one.

OS was defined as the time from surgery to death. Disease-
free survival (DFS) was defined as the time from surgery to
local, regional, or distant treatment failure. Local recurrence-
free survival (LRFS) was defined as the time from surgery to
local or regional lymph-node recurrence without distant issues.
Distant metastasis-free survival (DMFS) was defined as the
time from surgery to distant metastasis, consisting of bone
metastasis-free survival (BMFS) and visceral metastasis-free
survival (VMEFS).

Statistical Analysis

Statistical analysis was performed using IBM SPSS Stat-
istic version 21.0 (SPSS Inc., Chicago, IL, USA) and GraphPad
Prism version 6.01 (GraphPad Software Inc., La Jolla, CA,
USA). Kolmogorov—Smirnov test was used to test for normality
within continuous data. Those with normal distribution were
expressed as the mean =+ standard deviation and then compared
using a Student ¢ test. Otherwise, continuous data with abnormal
distribution were expressed as the median (range) and then
compared using the Wilcoxon rank-sum test. Categorical vari-
ables were compared using the x> test or Fisher exact test as
appropriate. Censoring time was defined as the last follow-up
time. Kaplan—Meier survival curves with log-rank tests and
Cox proportional hazard regression analyses were used to
compare the survival rates with clinical and pathologic factors.
Variables with P <0.05 in univariate Cox regression analysis
were progressed to multivariate analysis by forward stepwise
selection. A value of P <0.05 was considered statistically
significant and all P values were 2-tailed.

RESULTS

Clinicopathologic Characteristics

A total of 410 cases were enrolled in this study. The
baseline characteristics of the invasive BC patients with and
without neutropenia are listed in Table 1. Among these patients,
330 met the criteria for neutropenia, including 44 of grade 1, 74
of grade 2, 101 of grade 3, and 111 of grade 4. By comparison,
there were no statistically significant differences between the 2
groups in terms of age, menopausal status, lymphocytes or
palate counts, pathological T or N staging, receptor conditions,
and the presence of peritumoral vascular invasion (PVI). The
modality of treatment was also similar between the 2 groups.
However, the CIN group exhibited significantly lower leuko-
cyte count and neutrophil count before treatment (P < 0.001).
The rates of CIN were higher with anthracycline-based regi-
mens (P <0.001).

In addition, patients with more advanced TNM stages or
pathological N staging showed higher rates of low-grade CIN
(P=0.005 and P =0.017, respectively in Supplementary Table
1, http://links.lww.com/MD/A859). And there were more
TEC regimens exhibiting lower-grade CIN, compared with
other regimens (P < 0.001 in Supplementary Table 1, http:/
links.lww.com/MD/A859).

Overall Survival Analysis

A total of 26 patients (6.34%) were lost to follow-up. The
median follow-up time of the cohort was 62 months. During the
follow-up period, 36 patients died of BC. The 5-year OS rates
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TABLE 1. Clinicopathologic Characteristics of Patients With or
Without Involvement of CIN

Non-CIN CIN P

Characteristic (n=280) (n=330) Value
Age (yr), median (range) 50.5 (33-74) 51 (25-82)  0.487
Menopausal status 0.519
Postmenopausal 38 (47.4%) 170 (51.4%)
Premenopausal 42 (52.6%) 160 (48.6%)

<40 14 (17.8%) 47 (142%)  0.619"

>40 28 (35.8%) 113 (34.4%)

Leukocytes, mean + SD 7.15+1.78  635+1.56  0.021

Neutrophils, mean+SD  4.56+1.33  391+1.31 0.010

Lymphocytes, mean£=SD 1.98+0.67  1.89+0.54  0.151

Platelet, mean + SD 230.45+59.14223.87+58.00 0.223

Pathological T staging 0.494

pT1 37 (46.3%) 146 (44.2%)

pT2 41 (51.2%) 165 (50.0%)

pT3/4 2 (2.5%) 19 (5.8%)

Pathological N staging 0.589

0 52 (65.0%) 189 (57.3%)

1-3 17 21.3%) 77 (23.3%)

4-9 7 (8.8%) 39 (11.8%)
>10 4 (5.0%) 25 (7.6%)

TNM staging 0.212
Stage 1 28 (35%) 86 (26.1%)

Stage 11 40 (50%) 175 (53.0%)
Stage IIT 12 (15%) 69 (20.9%)

Peritumoral vascular 0.956
invasion

Absent 76 (95.0%) 313 (94.8%)

Present 4 (5.0%) 17 (5.2%)

ER status 0.693
Positive 48 (60.0%) 190 (57.6%)
Negative 32 (40.0%) 140 (42.4%)

PR status 0.127
Positive 26 (32.5%) 138 (41.8%)
Negative 54 (67.5%) 192 (58.2%)

HER-2 status 0.263
Positive 24 (30.0%) 121 (36.7%)
Negative 56 (70.0%) 209 (63.3%)

Type of surgery 0.756
Radical 72 (90.0%) 293 (88.8%)
Conservative 8 (10.0%) 37 (11.2%)

Chemotherapy regimens <0.001
FEC 33 (41.2%) 62 (18.8%)

TC 13 (16.3%) 14 (4.2%)
TEC 34 (42.5%) 254 (77.0%)

CIN = chemotherapy-induced neutropenia; ER = estrogen receptor;
FEC = 5-fluorouracil/epirubicin/cyclophosphamide; HER-2 =human
epidermal growth factor receptor-2; PR =progesterone receptor;
SD =standard deviation; TC = docetaxel/cyclophosphamide, TEC =
docetaxel/epirubicin/cyclophosphamide.

" The P value was analyzed for the premenopausal women according
to ages under 40 or elder.

were 91.12% in the non-CIN group and 90.28% in the CIN
group. As shown in Figure 1A, no difference in OS was found
between the patients with CIN and those without CIN
(P=0.938).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Disease-Free Survival Analysis

During the follow-up period, freedom from recurrence was
observed in 63 patients in the non-CIN group and 295 in the CIN
group. As shown in Figure 1B, the difference between the 2
curves was statistically significant (P =0.009, hazard ratio
[HR]=0.391, 95% confidence interval [CI] 0.194-0.787).
The cumulative 2- and 5-year DFS rates in the CIN group were
94.85% and 90.61%, respectively. And the rates in the non-CIN
group were 91.25% and 80.00%, accordingly. Only the latter
was significantly different between the 2 groups (P =0.214 and
P =0.0006, respectively).

During the follow-up period, 3 patients in the non-CIN
group and 10 patients in the CIN group were found to demon-
strate loco-regional recurrence. Meanwhile, 14 and 25 patients
suffered from distant metastases in the non-CIN group and the
CIN group, respectively. As shown in Figure 1C, there was no
significant difference in the rate of loco-regional recurrence-
free survival between the 2 groups (P =0.695). However, as
shown in Figure 1D, the DMFS rate in the CIN group was
significantly higher than that in the non-CIN group
(HR=0.315, 95% CI 0.014-0.708, P =0.005).

Among the cases with distant metastases, the numbers of
patients diagnosed with visceral metastases and bone metas-
tases between the 2 groups (non-CIN versus CIN) were 6 versus
17, and 9 versus 12, respectively. As shown in Figure 1E, there
was no difference in the rate of VMFS between the groups
(P=0.527). Nevertheless, the rate of BMFS in the CIN group
was significantly higher than that in the non-CIN group
(HR =0.469, 95% CI 0.194-0.786, P =0.005) (Figure 1F).

In addition, no differences in the rates of DFS, DMFS, and
BMEFS were found between the mild-CIN group and the severe-
CIN group (P > 0.05; Supplementary Figures 1B, 1D, and 1F,
http://links.lww.com/MD/A859); meanwhile, both groups
showed significant differences from the non-CIN group
(P <0.05; HR < 1; Supplementary Figures 1B, 1D, and 1F,
http://links.lww.com/MD/A859).

Subgroup Analyses

In the subgroup analyses, the bone metastasis rates were
reevaluated, adjusting for ER presence and menopausal status.
As shown in Figure 2A, a trend was found showing higher bone
metastasis rates in the ER-positive group than in the ER-
negative group. However, the P value was apparently not
significant (P =0.700). In the ER-positive subgroup
(Figure 2C), the patients with CIN exhibited extremely higher
BMEFS rates than did those without CIN (HR =0.211, 95% CI
0.029-0.453, P=0.002). Meanwhile, in the ER-negative sub-
group (Figure 2D), there was no difference between the patients
with and without CIN (P =0.541).

As shown in Figure 2B, the menopausal status caused no
difference (P =0.747). In postmenopausal women (Figure 2E),
the difference between the patients with and without CIN was
not significant (P = 0.285). However, in premenopausal women
(Figure 2F), patients with CIN obtained significantly higher
BMES rates than did those without CIN (HR =0.114, 95% CI
0.026—0.501, P =0.004). When carried out among the younger
premenopausal women (<40 years of age), the differences were
still significant (Figure 3, P <0.001).

Cox Analyses

Cox proportional hazard models were used to identify the
variables associated with OS, DFS, and BMFS. These variables
are presented in Table 2.
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FIGURE 1. Survival and clinical outcomes of 410 women with invasive breast cancer according to the presence or absence of CIN.
Cl=confidence interval; CIN =chemotherapy-induced neutropenia; HR =hazard ratio.

In univariate analysis, age, premenopausal status, HER-2-
positive status, conservative surgery, and chemotherapy regi-
mens, as well as counts of leukocytes, neutrophils, lympho-
cytes, and platelets were not significant predictive factors for
the prognosis of OS, DFS, or BMFS in the patients with invasive
BC. Pathological T staging was significantly related to OS and
DEFS. The ER- or PR-positive status was a significant predictive
factor only for OS and not for DFS or BMFS. The presence of
CIN and age under 40 were only inversely associated with DFS
and BMFS. PVI and the pathological N staging were significant
prognostic factors for all cases.

In the multivariate Cox analysis of BMFS, the presence of
CIN, pathological N staging, and age under 40 were
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independently predictive risk factors for the prognosis of
patients with invasive BC (P < 0.05, Table 2).

DISCUSSION

Neutropenia is a common side effect of chemotherapy in
adjuvant treatment of BC. This condition is typically regarded as
a dose-limiting toxicity and a reason for dose reduction. CIN
occurs most frequently during the first cycle of chemotherapy.®’
The absolute neutrophil count often increases on the second week
during the first cycle.'>~!7 More aggressive regimens, which are
used in more advanced patients, may lead to higher rates of CIN.'®
However, in our study, the aforementioned regimens did not
induce a significant prognostic difference.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Bone metastasis-free survival of 410 women with invasive breast cancer according to ER status and menopausal condition, and
subgroup analyses with ER status or menopausal condition according to the presence or absence of CIN. Cl=confidence interval;
CIN = chemotherapy-induced neutropenia; ER = estrogen receptor; HR = hazard ratio; post-=postmenopausal; pre- = premenopausal.

Moreover, the presence of CIN in patients with postopera-
tively invasive BC, as a response of patient condition to
chemotherapy, showed an independently predictive signifi-
cance of prognosis. Both mild and severe CIN were associated
with a risk of recurrence (HR =0.343, 95% CI 0.153-0.770,
P =0.006 and HR=10.538, 95% CI 0.291-0.989, P=0.043,
respectively, in Supplement Figure 1, http://links.lww.com/
MD/A859), particularly for distant metastases (P =0.005 and
P =0.043, respectively) but not mortality. And the differences
appeared after the second year. Additionally, the difference in
VMES between the patients with and without CIN was not
significant, whereas the difference in BMFS was statistically
significant. This finding can be mainly responsible for the
association between distant metastases and CIN, even
after adjusting for potential clinicopathogical variables

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

(HR =0.282, 95% CI 0.117-0.681, P =0.005). The following
median survival reported was approximately 2 years and the 5-
year survival rate was almost 40% after diagnosis of bone
metastases.'® Thus, the median survival of our patients with
bone metastases would be possibly 63 months, which is longer
than the median of the follow-up time (62 months), according to
the median BMFS of this research (39 months). Thus, the
disparity of OS and DFS, which was almost the same to the
results of the 62-month Austrian Breast and Colorectal Cancer
Study Group Trial-12 (ABCSG-12), could be explained in a
sense.”” However, bone metastases still played a very important
role in the procedure, leading patients to death, and with more
than 10 times of HR.?' In the first year, skeletal-related events
(SREs) are expected to follow because of osteolysis.** SREs,
which include pathological fractures, spinal cord compression,
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FIGURE 3. Bone metastasis-free survival of 61 women with inva-
sive breast cancer and ages under 40-year old according to the
presence or absence of CIN. Cl=confidence interval; CIN=-
chemotherapy-induced neutropenia; HR = hazard ratio.

and severe pain requiring radiotherapy or surgery, would further
increase mortality and reduce the quality of life as well.?"*
The bones have been proven to be the most preferential
metastatic target sites for BC.>**° ““Seed and soil’’ theory is
well acknowledged for bone metastases: circulating cancer cells
(seeds) can accomplish metastasis in the organs, of which
microenvironment (soil) is advantageous for their growth.?>¢
PVI was associated with cancer cell invasion from primary
location, and was proven to be a high-risk predictor of the

BMFS in our study (HR=4.066, 95% CI 1.186—13.935,
P=0.026). Immobilized growth factors fertilized the bone
marrow, including the transforming growth factor B (TGF-
), insulin-like growth factors (IGFs), fibroblast growth factors
(FGFs), and platelet-derived growth factors (PDGFs).?> The
genes of chemokine receptor-4 (CXCR4), parathyroid hor-
mone-like hormone (PTHLH), interleukin-11 (IL11), matrix
metalloproteinase-1 (MMP1), and osteopontin (OPN) have
been proven capable of promoting bone metastases by inter-
acting with the aforementioned growth factors.?” The positive
expression of ER, which was evaluated in primary BC, was
firmly connected to bone metastases through the reactions
between the genes and growth factors.>>?® In the current study,
a trend of worse prognosis was observed during the first 5 years,
almost the median follow-up time. Considering the number of
subjects at risk, this trend may become a more significant result
in another following 5 years (Figure 2A). The subgroup
analysis, ruling out the effect of the ER status, indicated that
CIN might be a protective predictor of bone metastases only to
ER-positive BC. Maybe, chemotherapy-induced bone marrow
suppression, including CIN, could decrease the quantity and
activity of growth factors, which can interact with ER and make
the cancer cells more aggressive.?>%

Premenopausal status has been considered a hizgh-risk
predictor of bone metastases in patients with BC.*” The
increased estrogen concentration in premenopausal patients
was one of the possible reasons for recurrence. And the usage
of tamoxifen among premenopausal women can accelerate
osteolytic metabolism and cause significant bone loss, which

TABLE 2. Cox Proportional Hazards Regression Models of Risk Factors Associated With OS, DFS, and BMFS Among Breast Cancer

Patients (n=410)

Overall Survival

Disease-free Survival

Bone metastasis-free Survival

Univariable Univariable Univariable Multivariable
Characteristics HR 95% CI1 P HR 95%CI P HR 95% CI P HR 95% CI P
Age 0.996 0.962—-1.031 0.822 0.989 0.961-1.018 0.989 0.979 0.935-1.026  0.377
Premenopausal 1.154 0.600-2.221  0.667 1.046 0.607—1.802 0.971 1.151 0.489-2.711 0.748
Age <40 1.425 0.624-3.253 0.401 2.122 1.132-3.980 0.019 4.047 1.673-9.791 0.002 2.950 1.186-7.337 0.020
Leukocytes 1.065 0.878—1.291 0.526 0.969 0.810-1.137 0.637 0.933 0.710-1.224  0.615
Neutrophils 1.198 0.960-1.494 0.110 0.953 0.774-1.173  0.649 1.020 0.744-1.398  0.902
Lymphocytes ~ 0.578 0.307-1.088  0.090 1.005 0.626—1.612 0.984 0.577 0.252-1.322  0.194
Platelet 0.305 0.998-1.008 0.305 1.000 0.996-1.005 0.856 1.004 0.997-1.010  0.262
Pathological 2476 1.435-4.272 <0.001 1.766 1.111-2.807 0.016 1.251 0.658-2.379  0.494
T staging”
Pathological 2.160 1.629-2.862 <0.001 1.966 1.553-2.489 <0.001 2.000 1.384-2.891 <0.001 2.010 1.365-2.960 <0.001
N staging”
PVI present 3.450 1.339-8.885 0.010 3.747 1.684-8.335 0.001 4.066 1.186—13.935 0.026
ER positive 0.502 0.259-0.974 0.042 0.712 0.413-1.226 0.220 1.185 0.491-2.859  0.706
PR positive 0.298 0.124-0.716  0.007 0.555 0.300-1.024  0.060 0.631 0.244-1.629  0.341
HER-2 positive 0.666 0.321-1.381  0.275 1.079 0.617-1.887 0.790 0.832 0.336-2.064  0.692
Conservative 0.982 0.347-2.778 0.973 0.663 0.239-1.839 0.430 0.862 0.201-3.702  0.842
surgery
Chemotherapy 0.724 0.551 0.326
regimens
CIN 0.968 0.424-2210 0.938 0.468 0.262-0.836 0.010 0.308 0.130-0.731 0.008 0.282 0.117-0.681 0.001

BMFS =bone metastasis-free survival; CI=confidence interval; CIN = chemotherapy-induced neutropenia; DFS = disease-free survival,
ER = estrogen receptor; HER-2 = human epidermal growth factor receptor-2; HR = hazard ratio; OS = overall survival; PR = progesterone receptor;

PVI=peritumoral vascular invasion.

*“The HR and CI results of pathological T and N staging were just adjusted for this method, only standing for higher risk in greater stage.
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may lead to bone metastases.>® In the present study, the BMFS
of premenopausal patients with CIN improved better
(Figures 2E and F). However, no significant difference between
the 2 menopausal statuses was observed. Interestingly, women,
under 40 years of age, showed an obviously high risk of bone
metastases even after multivariate analysis and had got great
benefit from CIN (Table 2 and Figure 3). They were found
unable to prevent the bone metastases by treating with Zole-
dronic acid.?® Perhaps, the high level of estrogen before 40-year
old, which could not be suppressed completely by ovarian
function suppression, may lead to more aggressive results. >’
What is more, young patients were more frequently diagnosed
as having triple negative BC (TNBC) with a high prevalence of
BRCA-1 mutations, especially younger than 40.>*** And there
were more bone metastases than other distant recurrences
observed in Chinese people with TNBC.**

Besides, neutrophil counts of pretreatment in patients with
CIN were lower than the non-CIN group (Table 1, P=10.010). It
is said that the neutrophil count is capable of predicting CIN.>*

Nevertheless, our study has several limitations. First, the
criterion of nonneutropenia, which is above lowest normal
index, differed from labs. Second, the BRTs taken uncontinu-
ously in day 7, day 10, and day 14 of enrolled patients might not
obtain the lowest neutrophil counts. Third, the sample size and
follow-up time limited us to getting more significantly prog-
nostic results or doing further subgroup analyses. Last, the
retrospective design of our study might lead to selection bias.
Future prospective studies are needed to address the influence of
races or ethnic groups on the conclusions of the current study.

In summary, our current study suggests that CIN of the first
cycle may predict a decreased recurrence risk in patients with
invasive BC, especially the bone metastases, regardless of the
differences among chemotherapy regimens. Non-CIN, age
under 40, and high grade of N staging were all independently
increased factors of bone metastases. And the presence of CIN
would be a significant predictor of decreased bone metastases
only when patients were performed positive ER status. Hence,
further investigations are needed to elucidate the underlying
mechanisms. More attention should be given to BC patients
without CIN during their first cycles, and they should be
provided with appropriate treatment in the future.
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