
Abstract. Background/Aim: We examined the relationship
between preoperative serum albumin levels and long-term
outcomes in patients with breast cancer. Patients and
Methods: We retrospectively analyzed the records of 157
patients who underwent breast cancer surgery at a single
institution. We divided the patients into those with <4.0 g/dl
and those with ≥4.0 g/dl preoperative serum albumin. Results:
The overall median follow-up period was 86.7 months. Among
the 157 patients, 19 (12.1%) had decreased serum albumin
levels preoperatively. A significant association with
preoperative albumin levels was found only for patient age;
however, we were unable to determine an association between
preoperative albumin levels and various clinical features. The
recurrence-free survival (p=0.030) and the overall survival
(p=0.001) were both significantly shorter in patients with low
albumin levels. Conclusion: Low serum albumin levels were
associated with poor prognosis, but not with poor-prognostic
factors. Therefore, low albumin levels may reflect the tumor
microenvironment in breast cancer. 

Cancer frequently effects the nutritional status of cancer
patients. An increasing amount of evidence indicates that the
patient’s preoperative nutritional status is associated with
poor survival in various types of cancer (1-3), and several
nutritional factors have been investigated for their possible
value in predicting a poor outcome (1-12). The serum
albumin level is a valuable marker for assessing patients’

nutritional status in clinical practice (13). The serum albumin
level has been re-emphasized by extending its clinical use to
determine the severity of disease, disease progression, and
prognosis in various types of cancer (1-3, 8-12). We have
also reported that albumin is an indicator of the risk for
recurrent disease in colorectal cancer (3).

However, in breast cancer patients, we were unable to
confirm an association between preoperative albumin and
disease recurrence, as the follow-up periods were short (2).
We conducted the present study to examine the relationship
between preoperative serum albumin and long-term
outcomes in patients with breast cancer as part of our
research concerning the effects of a malnutrition state or
other factors on cancer patient outcomes.

Patients and Methods
Patients. We retrospectively analyzed the records of 157
consecutive patients treated for breast cancer at Gunma University
between March 2007 and December 2013. All patients had already
undergone radical breast surgery. Patients with synchronous bilateral
breast cancer or clinical signs of infection or other inflammatory
conditions preoperatively, including pneumonia or rheumatoid
arthritis, were excluded. Patients with incomplete clinical
information and those who received neo-adjuvant chemotherapy
were also excluded. Written consent was obtained from all patients
for the use of their records and imaging in future studies, and this
was approved by our Clinical Ethics Committee.

The details extracted from the database were the patient’s age,
tumor’s histological type, size of the invasive primary tumor,
axillary lymph node status, presence of lymphatic/vascular invasion,
nuclear grade, estrogen receptor (ER) expression status and
progesterone receptor (PgR) expression status, human epidermal
growth factor receptor 2 (HER2) score of the primary tumor, serum
C-reactive protein (CRP) level, presence/absence of the serum
tumor marker carcinoembryonic antigen (CEA), and serum albumin
levels. The ER and PgR statuses were assessed by the Allred score,
with an Allred score of ≥3 indicating ER and PgR positivity (14).
The overall median follow-up period was 86.7 months, and none of
the patients died of surgical complications. 

Blood samples were obtained preoperatively. In an adult, the
normal range of serum albumin is defined as 4.0-5.0 g/dl, and levels
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less than 3.5 g/dl are described as hypoalbuminemia. There were
only two cases (1.3%) of hypoalbuminemia in the present patient
series; we therefore used 4.0 g/dl as the cut-off value of serum
albumin. We divided the patients into two groups based on their
albumin values: low (<4.0 g/dl) (n=19) and high (≥4.0 g/dl) (n=138)
groups. The relationships between albumin and clinicopathological
features were investigated.

Statistical analyses. The breast cancer cases were divided on the
basis of their albumin levels. We conducted a univariate statistical
analysis using Fisher’s exact test or the c2 test with Yates’
correction. For the comparisons of pairs of groups, we used
Student’s t-test. The recurrence-free survival (RFS) and overall
survival (OS) were calculated using the Kaplan-Meier method. The
log-rank test was used to evaluate differences between the survival
intervals. Differences were considered significant when p<0.05.

Results

Albumin concentrations and clinicopathological features. We
analyzed the records of 157 patients who underwent elective
breast surgery. The mean age of the patients was 57.8±12.7
years, with an age distribution of 28-85 years. The mean
preoperative serum albumin was 4.2±0.3 g/dl. Of the 157
cases, 19 (12.1%) had decreased serum albumin (Table I). 

Table I summarizes the characteristics of the patients in
the two albumin groups and presents the results of the
univariate analysis conducted to determine the relationships
between preoperative albumin values and the
clinicopathologic variables. A significant association with

preoperative albumin levels was found only for patient age,
which was significantly higher in the group of patients with
low albumin levels (Table I). In short, no association
between preoperative albumin and various clinical features
was observed. 

The RFS period estimated by Kaplan-Meier curves was
significantly shorter in the patients with low albumin
(p=0.030) (Figure 1A). The OS period was also significantly
shorter for the patients with low albumin (p=0.001) (Figure
1B). The overall median follow-up period was 86.7 months
(range=5.1-147.3 months).

Discussion

Serum albumin is indispensable for the physiological
activities of the human body and is known to be a nutritional
indicator. Low serum albumin reflects a state of malnutrition.

in vivo 34: 2033-2036 (2020)

2034

Figure 1. The relationship between low preoperative serum albumin
levels and the postoperative recurrence-free survival (RFS) and overall
survival (OS) in patients with breast cancer. A: The RFS by Kaplan-
Meier curves was significantly shorter in patients with low serum
albumin (p=0.030). B: The OS was also significantly shorter in patients
with low serum albumin (p<0.001).

Table I. Patients characteristics and clinicopathological features
associated with preoperative serum albumin level.

Serum albumin level

Low (n=19) High (n=138) p-Value

Age (y.o.) 67.6±13.5 57.3±11.6 <0.001
Histological type 0.542

Invasive ductal 18 110
carcinoma

Non-invasive ductal 1 9
carcinoma

Others 1 18
Tumor size (mm) 18.9±9.1 22.0±17.5 0.774
Node metastases 6 (31.6%) 46 (33.3%) 0.552
positive (n)

ER positive (n) 15 (78.9%) 115 (83.3%) 0.419
PgR positive (n) 13 (68.4%) 106 (76.8%) 0.294
HER2 positive (n) 6 (31.6%) 23 (16.7%) 0.964
Nuclear grade 3 (n) 10 (52.6%) 53 (38.4%) 0.174
ly positive (n) 6 (31.6%) 54 (39.1%) 0.356
v positive (n) 1 (5.3%) 19 (13.8%) 0.265
CEA 2.2±1.2 2.3±2.0 0.584

Values are expressed as mean±SD. N: Number; CEA: carcinoembryonic
antigen.



It is of interest that malnutrition has been reported to be
associated with poor prognoses in patients with multiple
types of cancer (1-12). Malnutrition in patients with cancer
is a significant problem due to a variety of mechanisms
involving the tumor and the host response to the tumor. 

The key observation made in the present study is that low
preoperative serum albumin was associated with poor RFS and
OS in patients with early breast cancer. Low serum albumin
levels have been reported to be a predictor of poor outcomes in
patients with various malignant tumors (1-3, 8-12), and we have
also observed that albumin was a sensitive indicator of the risk
for recurrent disease in colorectal cancer (3). These findings
provide evidence that the serum albumin levels are likely to be
a predictor of prognosis in patients with breast cancer.

Serum albumin is also an indicator of morbidity and
mortality. The interpretation of serum albumin is often
difficult because non-nutritional factors can obscure the
effects of actual nutrient deprivation. The body’s serum
albumin levels are influenced by various factors, such as
stress, liver failure, aging, hydration state, and disease
processes (1, 15). The serum albumin levels also decrease
due to inflammation. Furthermore, low serum albumin
concentration may be due to the production of cytokines
such as interleukin (IL)-6, which modulate the production of
albumin by hepatocytes (1, 16). As part of the systemic
inflammatory response to a tumor, proinflammatory
cytokines and growth factors that may regulate albumin
synthesis are released. Several research groups have focused
on the correlation between inflammation and solid
malignancies, and have revealed that tumor initiation,
progression, and metastasis are all affected by the host
systemic inflammatory response as well as the tumor
microenvironment (17, 18). There is slight or no
hypoalbuminemia in the early stages of cancer, but as the
disease progresses the albumin levels drop significantly and
serve as a good indicator of prognosis (1, 12, 12). 

In the present study, there were no clear relationships
between the patients’ preoperative albumin levels and
various clinical features including poor prognostic factors,
such as a large tumor size and the presence of node
metastasis. In addition, we have observed only slight or no
hypoalbuminemia in patients with breast cancer, including
the patients with metastatic disease in our previous study (2).
Herein, low preoperative serum albumin was associated with
poor RFS and OS in patients with early breast cancer. These
results imply that low serum albumin may also reflect other
mechanisms associated with tumor progression or
inflammation. Low albumin in the serum would weaken
cellular and humoral immunity, phagocytic functions, and
other defense mechanisms in patients with cancer; low
albumin may reflect immunological environments (15).

Disease progression in cancer is dependent on the complex
interactions between the tumor and the host immunological

response (19). Low albumin provides biological information
about a tumor’s potential outcome. Breast cancer progression
is relatively slow; thus, albumin may be ideal for assessing the
tumor microenvironment for not only the nutritional status but
also the patient’s status over a long period of time. Albumin
levels have been reported to be associated with breast cancer
risk and cancer mortality (20). Further research is necessary
to establish the effect of low serum albumin on immunological
features and the tumor microenvironment in breast cancer. 

This study has several potential limitations, including its
retrospective design and the relatively small number of patients
(n=157). However, to the best of our knowledge, this is the first
study with long follow-up periods to describe the relationship
between a low albumin levels and long-term prognosis in
breast cancer. Additional research is needed to explore the
usefulness of albumin levels as a predictor of the status of the
tumor microenvironment in patients with breast cancer.

In conclusion, in the present series of patients with breast
cancer, low serum albumin levels were associated with poor
prognosis. Low serum albumin levels were not associated
with poor prognostic factors, which may reflect the tumor
microenvironment in breast cancer. Additional studies are
warranted to evaluate how low albumin levels influence the
tumor microenvironment in patients with breast cancer.
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