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Abstract: Breast cancer presents varied and complex clinicopathological features which make its
management individualistic, prolonged and expensive, thus the need to differentiate each type of
breast cancer using cheap and easy to perform investigations. This study evaluated the
differentiation potential of extensive immune-nutritional indices which combined serum C-reactive
protein (CRP), haemoglobin, albumin levels, blood lymphocyte and platelet counts in breast cancer
patients of different status. The aim of this study was to investigate whether pre-treatment
Onodera’s prognostic nutritional index (OPNI), CRP-Albumin-Lymphocyte (CALLY) index and
the Haemoglobin, Albumin, Lymphocyte and Platelet (HALP) scores differ with breast cancer
characteristics. We enrolled a total of 135 consecutive newly diagnosed breast cancer patients who
were not on any treatment from Radiation Oncology Department, University College Hospital,
Ibadan, Nigeria. Lymphocyte count, platelet count and haemoglobin levels were determined using
auto-analyser while serum CRP and albumin levels were measured using ELISA. Immune-
nutritional indices (OPNI, CALLY and HALP) were calculated. Haemoglobin concentration, serum
albumin level, OPNI, CALLY and HALP were significantly decreased while serum CRP was
significantly raised in breast cancer patients compared with control. Mean values of OPNI, CALLY
and HALP were significantly decreased in late stage breast cancer patients compared with early
stage breast cancer patients, while only CALLY was significantly decreased in poorly differentiated
and metastatic breast cancer patients compared with well differentiated and non-metastatic breast
cancer patients respectively. This study confirmed the presence of malnutrition and inflammation in
breast cancer patients, especially late-stage, poorly differentiated and metastatic groups. This calls
for monitoring of liver functions in all cases of breast cancer.
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INTRODUCTION

There has been a steady increase in the incidence of breast
cancer in Nigeria, and a major cause of cancer-related deaths
worldwide (Adebamowo and Ajayi, 2000). Breast cancer
disease in Nigeria is usually presented at late stage resulting to
poor treatment outcomes (Adebamowo and Ajayi, 2000).
Different reasons have been adduced to late presentation
including illiteracy or low education, fear of diagnosis,
ignorance, denial, belief in unorthodox therapies and faith
healing (Adisa et al., 2011). Studies from different parts of
Nigeria and most developing countries showed that most breast
cancer patients presented in stages Il and IV with metastatic
disease and invasive ductal carcinoma (Ntekim et al., 2009).
Considering the high predominance of late stage and metastatic
breast cancer among Nigerians, the authors of the present study
recruited these groups of breast cancer patients to further
understand the basis of the occurrence and possibly recommend
strategies to mitigate against the advancement of breast cancers
to these stages.

Increasing evidence supports that immune cells, inflammation
and nutrition are involved in the initiation and progression of
breast cancer (Arinola et al., 2021, Jimoh et al., 2023). Albumin,
hemoglobin levels, lymphocytes, C-RP and platelet counts are
easily acquired laboratory data reflecting inflammation and
nutrition status. Numerous studies have reported the importance
of serum albumin concentration, haemoglobin level, lymphocyte
and platelet counts for breast cancer monitoring (Xiang et al.,
2022). However, the disadvantage of these indicators is that
each reflects only one aspect of inflammation or nutrition
episode. It was earlier concluded that the combination of this
individual factor to calculate an index could have more accurate
and differentiating power than a single marker (Xu et al., 2022).

Serum albumin, as one of the mostly commonly used markers
for assessing patients’ nutritional status is produced by the liver
and is acting as a key antioxidant, detoxifier and transporter of
important nutrients (Levitt and Levitt 2016). Normal serum
albumin level reduced the risk of death in breast cancer patients
by 72% and contributed to poor survival of breast cancer
patients (Lis et al, 2003), while CRP as a systemic
inflammatory marker plays a role in human innate immunity
produced by the liver under the transcriptional control of
interleukin-6 is associated with significant increase of breast
cancer risk and poor outcome (Kolberg et al., 2021).

Platelets promote the survival of circulating tumor cells in the
blood stream and facilitate their extravasation and the
colonization of new microenvironments. Also, platelets support
tumor growth and angiogenesis (Lal et al., 2013). However,
tumor infiltration lymphocyte  in  breast  cancer
microenvironment is associated with better patient prognosis
because of ability to eliminate tumor cells and controls tumor
growth (De Nardo et al., 2007). PNI consists of albumin,
lymphocytes or C-reactive protein (CRP), which may reflect the
balance between the pro-tumor inflammatory status and
nutritional status has been widely used as a predictor of survival
in breast cancer patients (Onodera et al., 1984).

While the study on indices combining two blood cell counts in
breast cancer patients is common, reports on novel index
combining haemoglobin, albumin levels, lymphocyte and
platelet counts (HALP) in breast cancer is rare (Duran et al.,
2022). However, literatures on HALP and other immune-
nutritional indices using combination four different blood
parameters of Nigerian breast cancer patients is not encountered
by the authors. In this study, we investigated if differences exists
index in immune-nutritional indices (OPNI, CALLY and
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HALP) of breast cancer patients of varied histological
characteristics and stages. The strength of this study is that it
provided information about immunity, inflammation, nutrition
and liver function test of breast cancer patients using simple
low-cost, fast and easy procedures.

MATERIALS AND METHODS

Participants: We included a total of 135 consecutive newly
confirmed breast cancer patients form the Department of
Radiation Oncology, University College Hospital, Ibadan,
Nigeria. All patients were not on any treatment. Ethical approval
for the study was obtained from Joint University of Ibadan and
University College Hospital, Ibadan, Nigeria Research Ethics
Committee (UI/EC/23/0065).

Inclusion criteria: All women who were clinically diagnosed
and histopathologically confirmed as breast cancer patients.

Exclusion criteria: Patients on chemotherapy and radiotherapy
and patients on anti-platelet therapy. Control participants were
recruited from female staff of University College Hospital who
were apparently healthy without laboratory and clinically
confirmed diseases. Five (5) ml blood sample was collected.

Laboratory analysis and calculation of indices: Two ml was
dispensed into bottle containing anti-coagulants for complete
blood count using haematology auto-analyser (haematology
autoanalyser (Sysmex XN-450) while 3ml was dispensed into
plain bottles without anticoagulant for serum separation to
determine the concentrations of albumin and CRP using ELISA
as previously described (Arinola et al., 2022). HALP was
calculated as hemoglobin level x albumin
level x lymphocyte/platelet count (Duran et al., 2022). CALLY
index was as serum albumin level x absolute lymphocyte count /
CRP level x 10* (Lida et al., 2022). PNI was calculated as
10 x albumin + 0.005 x total lymphocyte count (Onodera et al.,
1984).

Statistical analysis: Results were presented as mean + S.D. The
difference between the mean was determined using Student t-
test and p-value < 0.05 was considered significant.

RESULTS

In Table 1, haemoglobin concentration, serum albumin level,
OPNI, CALLY and HALP were significantly lower while serum
CRP was significantly raised in breast cancer patients compared
with control. In Table 2, OPNI, CALLY and HALP were
significantly decreased in late stage breast cancer patients
compared with early stage breast cancer patients, while only
CALLY was significantly decreased in poorly differentiated and
metastatic breast cancer patients compared with well
differentiated and non-metastatic breast cancer patients
respectively.

Table 1: Mean selected blood cell counts, Haemoglobin concentration, C-RP and
albumin levels, OPNI, CALLY and HALP in breast cancer patients compared with
control.

needed. Previously determined nutritional and inflammatory
parameters in cancer prognosis [C-reactive protein, neutrophil-
to-lymphocyte ratio, Naples prognostic score, platelet-to-
lymphocyte ratio, controlling nutritional status (CONUT) score,
monocyte-to-lymphocyte ratio and Glasgow prognostic score]
(Njoku et al., 2021, Jimoh et al., 2023) have limited clinical
translational evidences. Therefore, present study evaluated the
differentiating potentials of indices of immune-nutritional (PNI,
HALP and CALLY) in breast cancer patients of different
characteristics.

Table 2: Mean values of OPNI, CALLY and HALP in different breast cancer
characteristics.

Breast cancer characteristic OPNI CALLY HALP
Stages of Breast cancer

Early (86) 33.98 +8.77 1.55 +0.43 36.03+ 4.9
Late (49) 26.01+9.00* | 0.89+0.40* | 29.22 +5.0*
Histopathology

Invasive ductal (90) 34.00 + 6.37 2.00+1.22 34.30+ 3.00
Invasive lobular (45) 33.99 + 11.00 1.90 + 0.58 32.44 +9.45
Biopsy

Poorly differentiated (46) 29.01+7.77 1.90 +0.09* | 30.26 +11.2
Well differentiated (39) 30.39 + 4.00 2.56 +0.10 32.60 +11.8
Metastasis

Metastatic (55) 32.19 + 800 | 0.99+0.89* | 34.46 +4.90
Non metastatic (99) 33.31+7.90 1.87+1.2 35.00 + 1.70

Variables Breast Cancer (n=135) Control (n=42)
Lymphocytes (x10%/L) 3.88+ 2.30 2.94+ 2.40
Platelets (x10%/L) 303+ 92.40 283 +186.40
Haemoglobin (g/L) 123+ 32.40* 135+ 43.02
CRP (mg/L) 8.30 + 2. 60* 3.34+ 1.00
Albumin (g/L) 35.72 + 5.66* 50.20 + 4.92
OPNI 34.81 £9.07* 46.09 £5.5
CALLY 1.40 £ 0.5* 2.65+1.0
HALP 33.04+14.8* 45.98 £ 15.7

Onodera’s prognostic nutritional index=OPNI, CRP-Albumin-Lymphocyte index =
CALLY, Haemoglobin, Albumin, Lymphocyte and Platelet score = HALP,
*Significantly different.

DISCUSSION

Breast cancer is among the most common female cancers
worldwide, and its development or progression is influenced by
inflammation, nutrition, and the immune status. However, most
previous breast cancer studies concentrated on cancer
characteristics neglecting host factors that can affect oncologic
outcomes, such as patients' nutrition and systemic inflammatory
status (Grivennikov et al., 2010). Since breast cancer varies in
presentation and progression, a more careful personalized
therapeutic and fast affordable differentiating strategy may be

Onodera’s prognostic nutritional index=OPNI, CRP-Albumin-Lymphocyte index =
CALLY, Haemoglobin, Albumin, Lymphocyte and Platelet score = HALP,
*Significantly different.

Albumin is a primary protein synthesized in the liver used for
evaluation of liver function. As a negative acute-phase protein,
systemic inflammation causes its microvascular permeability
and reduced circulating level (Levitt and Levitt 2016). Also
anorexia induced by psychological stress, skeletal muscle
wasting, low physical activity, poor quality of life, cancer
related-anaemia, -malnutrition and food intake dysfunction
(Yoshimura et al., 2020) causes a decrease in serum albumin
level which ultimately contribute to the poor survival outcomes.
Therefore, decreased serum albumin level is expected as found
in this study. Previous studies have found that inflammation
leads to a decrease in the levels of serum albumin in breast
cancer patients (Xiang et al., 2022). Albumin is a key
antioxidant, detoxifier and transporter of important nutrients
(Levitt and Levitt 2016), thus hypoalbuminemia might be one of
the causes of oxidative stress and failure of certain immune
components which might promote tumor growth especially in
metastatic and late stage breast cancer patients. Low
haemoglobin level worsens hypoxia, which supports cancer
progression and low haemoglobin count signifies anaemia,
which is common in cancer patients results from nutritional
deficiency (folate, iron and vitamins), advanced malignancy,
increased hepcidin and reactive oxygen species stress (Maccio et
al., 2015). This supports our finding of decreased HALP in late-
stage breast cancer patients.

Lymphocytes are vital in immune defense against tumor cells
whose infiltration into tumour microenvironment releases
cytotoxic factors, resulting in apoptosis of cancer cells. Moreso,
lymphocytes can performs cancer immune-surveillance to
inhibit tumour cell proliferation, invasion and metastasis and
ultimately leading to apoptotic death of tumour cells (De Nardo
et al., 2007). However, platelets promote the survival of
circulating tumor cells and support tumor growth (Lal et al.,
2013). Platelet count is often increased in patients with solid
cancer as an indication of chronic inflammation and cancer
progression (Lida et al., 2022). In the present study, we found
slightly increased platelet counts in breast cancer patients. It is
opinion of the present authors that for continuous anti-cancer
functioning of lymphocyte, its number needs to be optimal.
Therefore, slightly raised number of circulating lymphocytes in
breast cancer patients could be to counterbalance the pro-cancer
functions of the circulating platelets.

CRP is an acute phase protein produced by the hepatocytes
regulated by IL-6 and tumor necrosis factor in response to
inflammation (Kolberg et al., 2021). Several studies have
confirmed that high circulating CRP levels were associated with
poor survival in cancer patients as a result of CRP involvement
in acceleration of angiogenesis via increasing the circulating
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levels of vascular growth factors and interleukins (Chen et al.,
2011). Increased CRP in breast cancer patients indicates
ongoing inflammation, progression of the tumor burden and
local tissue damage in breast cancer patients considered for this
study especially metastatic and advanced ones.

The prognostic nutritional index (PNI) is a composite measure
of immune-nutritional status and liver function test which
incorporates serum albumin and total lymphocyte counts
(Onodera et al., 1984). A low PNI has been shown to be a
negative prognostic factor in cancers of the breast. Low PNI
means hypoalbuminemia and/or lymphocytopenia reflecting
malnutrition, impaired protein synthesis in the liver, tumor
development and progression suggesting the importance of
immune and nutrition based interventions for breast cancer
patients particularly late-stage breast cancer patients having low
OPNI.

HALP score is a biomarker that has received much attention in
recent years which is a combination of inflammatory responses
(lymphocyte and platelet counts) and malnutrition variables
(hemoglobin and albumin) (Duran et al., 2022). Our finding of
low mean value of HALP corroborates the report of Peng et al
(2018). HALP reflects cancer-related anaemia, a likely
consequence of advanced malignancy, nutritional deficiency and
chronic blood loss (Peng et al., 2018). A low HALP score in our
breast cancer indicates a state of malnutrition and systemic
inflammation which was pronounced in late-stage breast cancer
groups. The CALLY index, another newly proposed prognostic
biomarker for liver function, immune system status, and
inflammatory component of the tumour microenvironment, was
calculated using serum CRP concentration, serum albumin
concentration, and peripheral lymphocyte count (Lida et al.,
2022). Decreases in albumin and increases in CRP is a response
to exacerbations of inflammation in cancer tissue. Taken
together, significantly decreased CALLY index reflects systemic
inflammatory response, malnutrition and deranged synthetic
liver function to breast cancer especially in poorly differentiated,
metastatic and late-stage breast cancer groups.

Strengths and Limitations

Some of the strengths of this study are as follows: To our
knowledge, this is the first study to explore the impact of three
nutritional-immune indices (PNI, CALLY and HALP) in
differentiating breast cancer characteristics. These indices are
inexpensive, convenient, and simple to calculate from the results
of routine laboratory tests therefore it is likely to have high
utility in daily clinical practice. All in all, our results should be
validated through further large-scale, multi-institutional,
prospective studies before the indices can be recommended for
general clinical use. However, this study also has some
limitations. First, this was a single-center clinical study. Second,
we only obtained haemoglobin counts, albumin levels,
lymphocyte counts and platelet counts at diagnosis but not at
later time points.

CONCLUSION

The three immuno-nutritional indices determined in this study
reflects the synthetic functions of liver apart from confirming
the states of malnutrition and inflammation in breast cancer
patients, which pre-disposes to delayed wound healing, poor
response to therapy, prolonged hospital stay and poor outcomes
resulting to increased morbidity and mortality. The high
accessibility and cost-effectiveness of analyzing PNI, CALLY
and HALP may give physicians useful information for
optimizing personalised treatment based on nutrition and
immune manipulation.
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