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Abstract

Objective: To determine whether aldehyde dehydrogenase 1 (ALDH1) immunostaining in axil-

lary lymph node metastases in patients with breast cancer is associated with poor clinical

prognosis.

Methods: This retrospective study reviewed data from the medical records of patients with

immunohistochemistry-confirmed invasive ductal carcinoma (IDC) and 1–3 metastatic lymph

nodes in the ipsilateral axilla between December 2012 and July 2015. The association between

ALDH1 immunostaining in axillary lymph node metastases and clinical parameters and prognosis

was analysed using v2-test, Kaplan–Meier survival analysis, univariate and multivariate Cox regres-

sion analyses.

Results: A total of 229 patients with IDC were enrolled in the study. The median follow-up was

61 months (range, 20–89 months). Patients with ALDH1-positive axillary lymph node metastases

had significantly shorter relapse-free survival and overall survival compared with those with

ALDH1-negative axillary lymph node metastases. ALDH1 immunostaining in axillary lymph

node metastases was a significant predictor of poor prognosis in univariate and multivariate

analyses.

Conclusion: This large study with long-term follow-up suggests that ALDH1 immunostaining in

axillary lymph node metastases is an independent predictor of poor prognosis in patients with
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breast cancer. The clinical relevance of this finding should be confirmed in further well-designed

prospective studies.
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Introduction

Breast cancer is the most common cancer in
women.1 Research on breast cancer has

shown that the prognosis of different
types of breast cancer is significantly differ-
ent.2,3 Cancer cells display abnormal cell
proliferation and growth, and a small sub-

population exhibit a stem cell phenotype.4

Aldehyde dehydrogenase 1 (ALDH1) is an
enzyme that is expressed in the liver and
involved in retinoic acid biosynthesis.5,6

Aldehyde dehydrogenases play a role in
stem cell regulation and possessing cancer-
related functions, and regulating multiple
pathways implicated in stem cell signalling

and carcinogenesis.7–9 Clinical data suggest
that ALDH1 is an effective cancer stem cell
(CSC) biomarker in breast cancer that is
significantly associated with poor progno-

sis.10–15

Axillary lymph node status is among the

most consistent prognostic factors in
patients with breast cancer.16–18 Previous
studies demonstrated that the ALDH1
level in primary breast tumours was signifi-

cantly associated with poor prognosis.19,20

A previous study demonstrated that
ALDH1 expression in primary breast
tumours may be a predictor of poor clinical

outcome.7 However, reports on the preva-
lence and clinical significance of ALDH1
levels in axillary lymph node metastases
are scarce.7,21,22 Recently, CSCs were
shown to be responsible for lymph node

metastases in supraglottic carcinoma.23

Therefore, ALDH1 immunostaining in axil-
lary lymph node metastases might have
clinical significance for predicting prognosis
in patients with breast cancer.

The objective of this current study was to
analyse the association between the clinico-
pathological parameters and ALDH1 levels
in lymph node metastases and to investigate
whether the presence of ALDH1 in axillary
lymph node metastases in patients with
breast cancer was associated with clinical
prognosis.

Patients and methods

Patients

This retrospective clinical study reviewed
the medical records of consecutive patients
with histologically-diagnosed invasive
ductal carcinoma (IDC) and 1–3 metastatic
lymph nodes in the ipsilateral axilla that
underwent appropriate surgery in the
Department of Breast Surgery, The First
Hospital of Jilin University, Changchun,
Jilin Province, China between December
2012 and July 2015. The inclusion criteria
were as follows: (i) patients without neoad-
juvant chemotherapy or neoadjuvant endo-
crine therapy that underwent total
mastectomy or breast conserving surgery;
(ii) patients diagnosed with invasive
IDC by paraffin section histopathology;
(iii) patients with unilateral breast cancer;
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(iv) patients with tumour stage T1a–T4;

(v) patients with lymph node stage N1 (all

of them were macro metastases and the

metastatic lesion was larger than 2mm).

The exclusion criteria were as follows:

(i) breast cancer patients that received neo-

adjuvant chemotherapy or neoadjuvant

endocrine therapy; (ii) patients with bilater-

al breast cancer; (iii) patients diagnosed

with stage IV breast cancer; (iv) patients

with incomplete clinicopathological data

or incomplete follow-up data. All patients

with IDC that met all the inclusion criteria

and did not meet any of the exclusion cri-

teria were enrolled in the study.
The clinicopathological and prognostic

information of all patients were age,

tumour size, lymph node metastasis,

tumour stage according to American Joint

Committee on Cancer, oestrogen receptor

(ER), progesterone receptor (PR), human

epidermal growth factor receptor 2 (HER-

2), Ki-67,molecular subtypes, operation

date, operation method, adjuvant therapy,

date of recurrence or metastasis, survival

status, time of death and causes of death.

Follow-up was from the day of surgery to

the last follow-up (30 January 2020) or

death. Patients were administered standard

anthracycline-based adjuvant chemothera-

py according to the pathology results.

Patients with ER and/or PR positive

breast cancer were administered standard

adjuvant endocrine therapy, including

tamoxifen or letrozole for 5 years.
This study was approved by the Medical

Ethics Committee of the First Hospital of

Jilin University, Changchun, Jilin Province,

China (no. 20200104113). The study was

conducted in compliance with the principles

of the Declaration of Helsinki and the

International Conference on Harmonization

Good Clinical Practice guidelines. Due to its

retrospective design and anonymous charac-

teristics, the requirement for informed con-

sent from the patients was waived.

Immunohistochemical staining

Samples of axillary lymph node metastases
were collected from the Paraffin Specimens
Library in the Department of Pathology,
The First Hospital of Jilin University,
Changchun, Jilin Province, China.
Histology was confirmed by two experi-
enced pathologists using haematoxylin and
eosin stained sections. ALDH1, ER, PR
and HER-2 immunostaining in axillary
lymph node metastases were evaluated
using immunohistochemistry. Formalin-
fixed paraffin-embedded specimens were
processed for immunohistochemistry.
Sections (3 mm) were dewaxed, hydrated,
treated with sodium citrate buffer (pH 6.0)
in a pressure cooker (50X3-301, inner diam-
eter 22 cm; Midea, Guangdong, China) and
cooled at 37 �C for 3min. Endogenous per-
oxidase activity was inhibited with 3%
H2O2 for 10min at 37 �C. Non-specific
binding was blocked with non-immune
serum for 15min at 37 �C. The primary
antibodies included the following: purified
mouse antihuman ALDH1-A1 (1:200 dilu-
tion; BD Biosciences, San Jose, CA, USA);
mouse antihuman ER (1:1000 dilution;
ZhongShan Golden Bridge Biotechnology
Company, Beijing, China); mouse antihu-
man PR (1:1000 dilution; ZhongShan
Golden Bridge Biotechnology Company);
and mouse antihuman HER-2 (1:200
dilution; ZhongShan Golden Bridge
Biotechnology Company). After incubation
with the primary antibody at 4 �C over-
night, the sections were washed three
times for 5min each at room temperature
with 0.01mol/l phosphate-buffered saline
(PBS; pH 7.4). Then, the sections were incu-
bated with secondary antibody (Ultra
Sensitive TM S-P [Mouse/Rabbit] IHC
Kit; MaiXin Biotechnology Company,
Fuzhou, China) at 37 �C for 15min. The
sections were then washed three times for
5min each at room temperature with
0.01mol/l PBS (pH 7.4). The slides were
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then incubated with avidin-

biotin-peroxidase complex at 37 �C for

15min. The antigen–antibody reaction was

visualized with 3,30-diaminobenzidine at

room temperature in the dark for 5min

and counterstained with haematoxylin.

Specificity of staining was confirmed using

healthy human liver tissue (ALDH1 posi-

tive control), breast cancer tissue (ER, PR

and HER-2 positive control) and 0.01mol/

l PBS (pH 7.4) in place of the primary anti-

body (negative control).

Scoring the levels of immunostaining

Tumour cells with ALDH1 cytoplasmic

staining were considered ALDH1 positive.

ALDH1 staining was scored as 0, 1, 2 and 3

according to percentage of ALDH1-

positive tumour cells. Sections with <5%

ALDH1-positive tumour cells were scored

0 (negative). Sections with �5% ALDH1-

positive tumour cells were scored 1, 2 and 3

(<10% ALDH1-positive tumour cells were

scored 1 [weakly positive], <40% ALDH1-

positive tumour cells were scored 2 [moder-

ately positive], �40% ALDH1-positive

tumour cells were scored 3 [strongly posi-

tive]). Sections with �10% tumour cells

with nuclear staining for ER or PR were

classified as ER or PR positive. HER-2

expression either with immunohistochemis-

try 3þ or fluorescence in situ hybridization

(FISH) amplified (ratio of HER-2 to

CEP17 of �2.0 or with a mean HER-2

copy number �6) was considered FISH

positive. Immunohistochemical staining

was evaluated by three independent pathol-

ogists that were blinded to the clinical out-

comes. When the results of assessment

differed, consensus was reached through

discussion.

Statistical analyses

All statistical analyses were performed

using IBM SPSS Statistics for Windows,

Version 19.0 (IBM Corp., Armonk, NY,
USA). Associations between the levels of
ALDH1 immunostaining in the axillary
lymph node metastases and clinicopatho-
logical characteristics were evaluated using
v2-test. Relapse-free survival (RFS) and
overall survival (OS) were calculated using
the Kaplan–Meier method. RFS was
defined as the time from diagnosis to
relapse or metastasis. OS was defined as
the time from diagnosis to breast cancer-
related death. Differences in RFS and OS
were evaluated using the log-rank test.
Odds ratios (ORs) with 95% confidence
intervals (CIs) were calculated using univar-
iate and multivariate Cox regression
analyses. A P-value <0.05 was considered
statistically significant.

Results

This retrospective study included 229
patients (mean age, 46 years; range, 17–77
years) with histologically-confirmed IDC
and 1–3 metastatic lymph nodes in the ipsi-
lateral axilla postoperatively. There were no
signs of distant metastases in any of the
patients. The demographic and clinical
characteristics of the patients are summa-
rized in Table 1. There were 118 patients
�50 years, 48 patients with stage T1
(tumour size �2 cm), 147 patients with
stage T2 (tumour size >2 cm and �5 cm)
and 34 patients with stage T3 (tumour size
>5 cm). There were 159 ER-positive
patients, 158 PR-positive patients, 53
HER-2-positive patients; and three patients
lacked ER, PR and HER-2 information.
The median follow-up was 61 months
(range, 20–89 months). Among the 229
patients, 181 patients were administered
standard anthracycline-based adjuvant che-
motherapy according to the pathology
results; and 159 patients with ER and/or
PR positive breast cancer were adminis-
tered standard adjuvant endocrine therapy,
including tamoxifen or letrozole for 5 years.
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Breast cancer recurred in 80 patients and

caused death in 60 patients.
The range of ALDH1 immunostaining in

axillary lymph node metastases is shown in

Figure 1 as follows: Figure 1A shows an

ALDH1-negative axillary lymph node

metastasis; Figure 1B shows an ALDH1-

weakly positive axillary lymph node

metastasis; Figure 1C shows an ALDH1-

moderately positive axillary lymph node

metastasis; and Figure 1D shows an

ALDH1-strongly positive axillary lymph

node metastasis. Among the 229 patients,

150 patients (65.5%) had ALDH1-

negative axillary lymph node metastases

and 79 patients (34.5%) had ADLH1-

postive axillary lymph node metastases

(i.e. sections with �5% ALDH1-positive
tumour cells). Among the 79 patients with
ALDH1-positive axillary lymph node
metastases, 17 (21.5%) had �5%
ALDH1-positive tumour cells but <10%
ALDH1-positive tumour cells, which were
scored 1 (weakly positive); 34 (43.0%) had
�10% ALDH1-positive tumour cells but
<40% ALDH1-positive tumour cells,
which were scored 2 (moderately positive);
and 28 had (35.4%) had �40% ALDH1-
positive tumour cells, which were scored 3
(strongly positive). The association between
the levels of ALDH1 immunostaining in
axillary lymph node metastases and clinico-
pathological characteristics is summarized
in Table 2. The levels of ALDH1 immunos-
taining in axillary lymph node metastases
was significantly associated with ER-
negativity (P¼ 0.012). However, there was
no association between the levels of
ALDH1 immunostaining in axillary lymph
node metastases and age, menopausal
status, tumour size, PR or HER-2 status.

The median follow-up was 61 months
(range, 20–89 months). Kaplan–Meier and
log-rank test analysis demonstrated that
patients with ALDH1-positive axillary
lymph node metastases had significantly
shorter RFS (P¼ 0.003) and OS (P¼ 0.004)
compared with those with ALDH1-negative
axillary lymph node metastases (Figure 2).

Univariate and multivariate analyses to
identify predictors of RFS and OS are sum-
marized in Tables 3 and 4. On univariate
analysis, ALDH1 immunostaining
(P¼ 0.005), ER-negativity (P¼ 0.001), PR-
negativity (P¼ 0.004), HER-2 positivity
(P¼ 0.013) of axillary lymph node metasta-
ses and tumour size >2 cm (P¼ 0.031) were
associated with shorter RFS (Table 3). On
multivariate analysis, ALDH1 immunos-
taining (P¼ 0.034) and ER status
(P¼ 0.009) in axillary lymph node metasta-
ses were associated with shorter RFS. On
univariate analysis, ALDH1 immunostain-
ing (P¼ 0.005), ER-negativity (P¼ 0.003),

Table 1. Demographic and clinical characteristics
of patients (n¼ 229) that were enrolled in a study
to investigate whether the presence of aldehyde
dehydrogenase 1 in axillary lymph node metastases
in patients with breast cancer was associated with
clinical prognosis.

Characteristic

Study cohort

n¼ 229

Age

�50 years 118

>50 years 111

Pathology

Size of tumour �2 cm 48

Size of tumour >2 cm and �5 cm 147

Size of tumour >5 cm 34

Histology

ER positive 159

ER negative 67

PR positive 158

PR negative 68

HER-2 positive 53

HER-2 negative 173

Lack of ER, PR and HER-2 data 3

Outcome

Distant metastasis 80

Death 60

Data presented as n of patients.

ER, oestrogen receptor; PR, progesterone receptor;

HER-2, human epidermal growth factor receptor 2.

Guan et al. 5



PR-negativity (P¼ 0.010) and HER-2 posi-

tivity (P¼ 0.023) in axillary lymph

node metastases were associated with OS

(Table 4). On multivariate analysis,

ALDH1 immunostaining (P¼ 0.048) and

ER-negativity (P¼ 0.004) in axillary

lymph node metastases were the only inde-

pendent prognostic factors associated with

OS. PR status and HER-2 status were no

longer independent risk factors for OS.

Discussion

This current retrospective study investigat-

ed whether ALDH1 immunostaining in

axillary lymph node metastases in patients

with ALDH1-positive breast cancer was

associated with clinical prognosis. The find-

ings showed that patients with ALDH1-

positive axillary lymph node metastases

had significantly shorter RFS and OS com-

pared with those with ALDH1-negative

axillary lymph node metastases. ALDH1
immunostaining in axillary lymph node
metastases was a significant predictor of
poor prognosis on univariate and multivar-
iate analyses. Aldehyde dehydrogenases
play a role in stem cell regulation and pos-
sessing cancer-related functions, regulating
multiple pathways implicated in stem cell
signalling and carcinogenesis.7–9 Clinical
data suggest that ALDH1 is an effective
CSC biomarker in breast cancer that is sig-
nificantly associated with poor progno-
sis.10–15 The above findings combined with
these current results suggest that CSCs are
present in axillary lymph node metastases in
patients with breast cancer and that
ALDH1 has the potential to be an impor-
tant biomarker of survival and prognosis in
this patient population.

Metastasis often appears first in the ipsi-
lateral axillary lymph nodes in patients with
breast cancer.24 Previously, the number of

Figure 1. Representative photomicrographs showing the levels of aldehyde dehydrogenase 1 (ALDH1)
immunostaining in axillary lymph node metastases from patients with breast cancer: (a) negative, score 0;
(b) weakly positive, score 1; (c) moderately positive, score 2; (d) strongly positive, score 3. Scale bar 100 lm.
The colour version of this figure is available at: http://imr.sagepub.com.
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Table 2. Association between the levels of aldehyde dehydrogenase 1 (ALDH1) immunostaining and clin-
icopathological characteristics in patients (n¼ 229) that were enrolled in a study to investigate whether the
presence ALDH1 in axillary lymph node metastases in patients with breast cancer was associated with
clinical prognosis.

Characteristic n

ALDH1 positive

n¼ 79

ALDH1 negative

n¼ 150

Statistical

analysesa

Age, years

�50 118 42 76 NS

>50 111 37 74

Menopausal status

Premenopausal 120 43 77 NS

Postmenopausal 109 36 73

Tumour size, cm

�2 48 16 32 NS

2–5 147 50 97

>5 34 13 21

ER

Positive 159 46 113 P¼ 0.012

Negative 67 31 36

PR

Positive 158 49 109 NS

Negative 68 28 40

HER-2

Positive 53 22 31 NS

Negative 173 55 118

Data presented as n of patients.
aAssociation between the levels of ALDH1 immunostaining in the axillary lymph node metastases and clinicopathological

characteristics were evaluated using v2-test; NS, no significant between-group difference (P� 0.05).

ER, oestrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2.

Figure 2. Relapse-free survival (a) and overall survival (b) in patients (n¼ 229) with breast cancer stratified
according to the levels of aldehyde dehydrogenase 1 (ALDH1) immunostaining in axillary lymph node
metastases. The colour version of this figure is available at: http://imr.sagepub.com.
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metastatic lymph nodes has been signifi-
cantly associated with a worse
prognosis.25More recently, attention has
focused on using biomarkers to provide
important and decisive information about
patient outcomes.8,26 Specifically, the pres-
ence of ALDH1 in breast cancer detected
by immunostaining was correlated with
poor prognosis.7 In triple-negative breast
cancer, patients with ALDH1 immunos-
taining demonstrated shorter RFS and OS

compared with patients without ALDH1
immunostaining; and ALDH1 immunos-
taining was an independent prognostic indi-
cator of RFS and OS.27,28

Reports on the prevalence and clinical
significance of ALDH1 immunostaining in
axillary lymph node metastases in patients
with breast cancer are scarce and the results
are conflicting. For example, previous
research showed no association between
ALDH1 status in lymph node metastases

Table 3. Univariate and multivariate analyses to identify predictors of relapse-free survival in patients
(n¼ 229) that were enrolled in a study to investigate whether the presence aldehyde dehydrogenase 1
(ALDH1) in axillary lymph node metastases (ALNM) in patients with breast cancer was associated with
clinical prognosis.

Characteristic

Univariate analyses Multivariate analyses

OR P-value 95% CI OR P-value 95% CI

Age, �50 versus >50 years 0.792 NS 0.516, 1.515

Menopausal status,

pre versus post

0.869 NS 0.475, 1.913

Tumour size, �2 versus >2 cm 2.987 P¼ 0.031 1.264, 6.113 2.175 NS 0.938, 4.117

ER in ALNM, –/þ 3.747 P¼ 0.001 2.236, 6.280 3.413 P¼ 0.009 2.016, 5.117

PR in ALNM, –/þ 2.994 P¼ 0.004 1.791, 5.007 0.760 NS 0.413, 1.445

HER-2 in ALNM, –/þ 2.002 P¼ 0.013 1.161, 3.452 0.895 NS 0.418, 1.957

ALDH1 in ALNM, –/þ 2.084 P¼ 0.005 1.255, 3.459 1.746 P¼ 0.034 1.037, 2.939

OR, odds ratio; CI, confidence interval; ER, oestrogen receptor; PR, progesterone receptor; HER-2, human epidermal

growth factor receptor 2; NS, no significant association (P� 0.05.

Table 4. Univariate and multivariate analyses to identify predictors of overall survival in patients (n¼ 229)
that were enrolled in a study to investigate whether the presence aldehyde dehydrogenase 1 (ALDH1) in
axillary lymph node metastases (ALNM) in patients with breast cancer was associated with clinical prognosis.

Characteristic

Univariate analyses Multivariate analyses

OR P-value 95% CI OR P-value 95% CI

Age, �50 versus >50 years 0.913 NS 0.495, 1.670

Menopausal status, pre versus post 0.819 NS 0.452, 1.140

Tumour size, �2 versus >2 cm 1.575 NS 0.073, 4.431 1.675 NS 0.829, 5.126

ER in ALNM, �/þ 3.150 P¼ 0.003 1.624, 4.521 3.798 P¼ 0.004 1.139, 2.037

PR in ALNM, �/þ 2.710 P¼ 0.010 2.177, 6.118 0.563 NS 0.413, 2.445

HER-2 in ALNM, �/þ 1.879 P¼ 0.023 1.092, 3.233 0.775 NS 0.617, 2.101

ALDH1 in ALNM, �/þ 2.084 P¼ 0.005 1.255, 3.459 1.713 P¼ 0.048 1.004, 2.925

OR, odds ratio; CI, confidence interval; ER, oestrogen receptor; PR, progesterone receptor; HER-2, human epidermal

growth factor receptor 2; NS, no significant association (P� 0.05).
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and OS.22,29 Whereas, another study dem-
onstrated shorter RFS and OS in patients
with positive ALDH1 immunostaining in
primary tumours and in axillary lymph
node metastases compared with those
whose tissues were ALDH1 negative.19

ALDH1 immunostaining in axillary lymph
node metastases was associated with signif-
icantly shorter RFS and OS in a univariate
analysis but not in a multivariate analysis.19

In accordance with these current findings,
one study showed that the presence of
ALDH1 in axillary lymph node metastases
was significantly associated with the
disease-free survival in patients with prima-
ry breast cancer and 1–3 metastatic lymph
nodes.30

To the best of our knowledge, the cur-
rent study is the largest one to investigate
the prognostic significance of ALDH1
immunostaining in axillary lymph node
metastases in patients with ALDH1-
positive breast cancer. Notably, follow-up
was long term, with a median follow-up of
around 5 years. Only patients with IDC and
1–3 metastatic lymph nodes were included
to eliminate histology as a confounding
factor. These current findings showed a cor-
relation between ALDH1 immunostaining
and ER negativity in axillary lymph
node metastases with a poor prognosis.
Accordingly, clinical studies show that
breast cancer patients with negative hor-
mone receptor status have poor prognosis
as endocrine chemotherapy strategies are
ineffective.31

This current study had several limita-
tions. First, it was a retrospective analysis
and treatment decisions were affected by
the pathological results and patient prefer-
ence rather than randomization. Secondly,
more patients and longer follow-up periods
should be analysed to identify more signif-
icant differences in univariate and multivar-
iate analysis. Thirdly, as the present study
was a retrospective study, the histopatho-
logical evaluation procedure followed the

conventional rules and not a defined study

procedure, so there might be selection bias.

Larger scale clinical observations and gene

expression research are needed to uncover

the mechanisms and provide strategies for

personalized treatments.
In conclusion, this large study with long-

term follow-up suggests that ALDH1

immunostaining in axillary lymph node

metastases is an independent predictor of

poor prognosis in patients with ALDH1-

positive breast cancer. The clinical rele-

vance of this finding should be confirmed

in further well-designed prospective studies.
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