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ABSTRACT

Background: Inflammation is a recognized factor in cancer progression and resistance to treatments. Several studies correlated
inflammation-related peripheral blood inflammatory biomarkers (PBIB) to disease progression and poor survival in various cancer
types and different populations. Nonetheless, inflammation is affected by the distinctive characteristics and environmental exposure
of each population. There is no prior study addressing the association of pre-treatment inflammatory markers with outcomes in
patients with breast cancer (BC) from Saudi Arabia. In this study, we evaluated the prognosis of locally advanced breast cancer (LABC)
in relation to several PBIB. Materials and Methods: We retrospectively analyzed the data of female patients with LABC undergoing
neoadjuvant chemotherapy (NACT). Demographics, body mass index (BMI), clinicopathologic characteristics and stage of the tumor,
follow-up status, and response to treatment were collected. Outcomes were evaluated in relation to pre-treatment peripheral blood
indices that were grouped based on the local laboratory cutoff values. Objective response rate (ORR) was predefined and assessed
according to the post-NACT magnetic resonance imaging (MRI) breast and subcategorized into complete response (CR), partial
response (PR), stable disease (SD), and progressive disease (PD). Results: A total of 172 female patients with BC met the eligibility
criteria from January 2014 to December 2019. The mean age at diagnosis was 53.4 + 11, and BMI was 31.2 + 6. Left BC accounted
for 54.7%, and the majority was invasive ductal carcinoma (85.5%), moderately differentiated (51%), stage III (AJCC 8™ edition) (73%),
and estrogen receptor (ER)-positive tumor (79.1%). Human epidermal growth factor receptor 2 (HER2)-positive BC was reported in
32% and triple-negative breast cancer (TNBC) in 10%. Radiologic CR accounted for the majority of ORR (71.5%). Higher percentage
of patients with normal red cell distribution width (RDW) of red blood cell (RBC) and low neutrophil-lymphocyte ratio (NLR) had
CR with a significant P value of 0.003 and 0.014, respectively. Conclusion: Among several peripheral blood indices, RDW and NLR
significantly influenced ORR. They can be explored further to potentially predict response after systemic therapy in patients with
LABC. The great advantage of these biomarkers stems from their availability and affordability in routine clinical practice.
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BC is the ninth leading cause of death among Saudi women.P! Tt
is anticipated that BC rates in Saudi Arabia will rise in the future
due to population expansion and aging;!"

In addition to the fact that cancer has a genetic basis in its
development, several studies have shown that inflammation
plays a role in the progression and spread of cancer.! A
relationship between the level of particular inflammatory
markers (e.g., peripheral blood neutrophils, lymphocytes,
monocytes, and platelets) and different malignancies was
demonstrated. Elevated neutrophils and platelets in petipheral
blood have been linked to a lower risk of death in patients with
cancer.ll Likewise, elevated monocyte count was associated
with poot outcomes and progression-free survival,¥! while a
high lymphocytic count was linked to a favorable prognosis,
and a low lymphocyte count was linked to a higher cancer
mortality rate.”) Therefore, peripheral blood inflammatory
biomarker (PBIB) such as the neutrophil-lymphocyte
ratio (NLR), lymphocyte—monocyte ratio (LMR), and
platelet—lymphocyte ratio (PLR) can be utilized as measures
of the host immunological status to predict cancer-related

T A meta-analysis and systematic review revealed

outcomes.!
that NLR plays a prognostic function in BC, as it was associated
with overall survival (OS) and disease-free survival (DFS).'!
A similar study found that higher PLR was associated with
poot outcome in patients with BC.'! Furthermore, NLR and
PLR have been shown to influence the probability of death
in patients with BC.'"! Low LMR also has been linked to a
poor DES rate in triple-negative breast cancer (TNBC).!'"
Platelet activation plays a role in the progression and spread
of cancer. Mean platelet volume (MPV) estimates the mean
size of platelets in peripheral blood, which is then used to
evaluate platelet activation.!"

Several studies have shown that pre-treatment PBIB can be used
to predict response to neoadjuvant chemotherapy (NACT) in
BC. A high pre-treatment NLR was associated with increased
mortality in a cohort of 437 women with BC, which was
described as a significant risk factor for mortality regardless of
chemotherapy regimen.['!! Furthermore, a low pre-treatment
LMR was related to a superior NACT effect in patients with BC.
Hence, the measurement of pre-treatment PBIB can be utilized
to predict outcomes and response to treatment. Hospitalists,
family medicine, and primary care practitioners are frequently
involved in community-based oncology practices, which can
greatly benefit from the use of inexpensive blood tests that are
easily accessible.!'"? With the use of teleoncology, the coronavirus
disease 2019 (COVID-19) epidemic has essentially moved the
focus of care to a local provider, where a pre-set treatment plan
may be put together by a specialized multidisciplinary team
and conducted by a local community practice team, aiming for
prompt and high-quality care.'” The community practice team
can closely monitor patients receiving treatment with the use
of these blood biomarkers, identify those who are less likely to
exhibit a favorable response to chemotherapy, and decide whether
to refer them to a higher oncology center.
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Each population has distinctive traits and environmental
exposures that influence inflammation differently. Therefore,
a population-specific assessment of the relationship between
inflammation and cancer outcomes is needed. There has
been no prior research into the relationship of pre-treatment
inflammatory markers with outcomes in Saudi patients with BC.
In this study, we assessed the response of locally advanced breast
cancer (LABC) to NACT in relation to various PBIB.

Materials and Methods

A total of 172 individuals with a histopathologically confirmed
BC diagnosis were included in this retrospective cohort between
January 2014 and December 2020 from King Abdulaziz
University Hospital in Jeddah, Saudi Arabia. Data on their medical
history, height, weight, body mass index (BMI), pathological and
laboratory findings, and post-therapy radiological evaluation were
collected. The project was approved by the Biomedical Ethics
Committee. All clinical data were anonymized to ensure patient
privacy. Patients with metastatic BC, those who lost follow-up,
those who lacked pathological or laboratory information, and
those who had a history of systemic inflammatory or chronic
conditions including systemic lupus erythematosus, hematological
illness, or bone marrow disease before treatment were excluded.

Tumor location, size, histological grade, lymph node status,
metastasis (lung, brain, and bone), hormone receptor status,
and human epidermal growth factor receptor 2 (HER2) status
were all collected.

Based on post-therapy radiological examination by mammography
and breast magnetic resonance imaging (MRI) £ computed
tomography (CT) chest abdomen and pelvis, response status
was divided into four categories: complete response (CR),
partial response (PR), stable disease (SD), and progressive
disease (PD). Based on radiological tests and consultant notes,
patient follow-ups were recorded, and the last follow-up status
was determined appropriately. To calculate the inflammatory
indices (NLR, LMR, and PLR), baseline counts of neutrophils,
lymphocytes, monocytes, and platelets in peripheral blood were
recorded.

NLR, LMR, and PLR cutoff values were obtained from a
comparable study that employed a ratio of 3%, 6.2%, and 135%,
tespectively."*'% For red cell distribution width (RDW), a reference
range from a previous tesearch on BC (11-14.1) was used."” The
data were input into a secure Excel spreadsheet and analyzed using
the Statistical Package for Social Sciences (SPSS) version 21. To
investigate the relationship between inflammatory parameters and
responder status, an association analysis and a Chi-square test were
used. A P value of 0.05 was regarded as significant.

Results

A total of 172 female patients with BC met the eligibility
criteria from January 2014 to December 2019. The mean age
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at diagnosis was 53.4 £ 11, and BMI was 31.2 £ 6. Left BC
accounted for 54.7%, and the majority was invasive ductal
carcinoma (85.5%), moderately differentiated (51.2%), stage
III (AJCC 8™ edition) (73%), estrogen receptor (ER)-positive
tumor (79.1%). HER2-positive BC was reported in 32% and
TNBC in 10% [Table 1]. Post-treatment progression and
metastasis occurred in six patients (3.5%).

‘The majority of post-treatment responses were CR in 123 (71.5%)
patients, followed by SD, while PD is reported as the least type
of response (3.5%). Follow-up status was documented with most
of the patients alive with CR in 106 (61.6%) patients [Table 2].
Less than 20% of the patients lost follow-up or were reported
as deceased.

Higher percentage of patients with normal RDW of red blood
cell (RBC) and low NLR had CR with a significant P value of
0.003 and 0.014, respectively. All other parameters showed a
non-significant P value. Most of the patients in our study had
normal RDW (84.9%). However, NLR in the majority was
low (84.3%). The level of both LMR and PLR whether high
or low did not influence the type of response to treatment as
shown in Table 3.

Discussion

BC is the most common cancer in women and the second
most common cancer in the general population. Similarly, it is
a common malignancy among Saudi females, with an incidence
of 29% in 2020.

NACT is a well-established treatment option for patients with
LABC. Despite surgical and chemotherapeutic therapies, about
30% of patients with negative axillary lymph nodes and 50%
of patients with positive axillary lymph nodes relapse within
five years.” Traditionally, tumor size, lymph node metastasis,
clinical stage, pathological grade, and molecular subtype have
all been identified as independent prognostic factors in BC.
Other factors play a role in the prognosis of BC such as the
host immune response, which is manifested by inflammatory
processes triggered by malignant cells, has lately been recognized,

and it may influence cancer patient outcomes.?'#

This inflammatory response is manifested by white cell
differentials (i.e., neutrophils, lymphocytes, platelets, and
monocytes) and their ratios (e.g., NLR, PLR, and LMR), which
are regularly measured in clinical practice for patients before,
during, and after treatment. Measuring these parameters may
be beneficial in evaluating patients throughout therapy and

follow-up to optimize outcomes. >

On a biological level, the inflammatory response induced
by tumor cells causes alterations in circulating white blood
cells (WBCs) such as neutrophilia due to increased cytokines,
which stimulate bone marrow to produce neutrophils. These
immune response modifications can enhance tumor growth
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Table 1: Clinical and pathological characteristics

n %

Pathological type

Ductal 147 85.5

Lobular 21 12.2

Mixed 4 2.3
Histological grade

G1 29 16.9

G2 88 51.2

G3 53 30.8

Unknown 2 1.2
Tumor origin

Right breast 77 44.8

Left breast 94 54.7

Unknown 1 0.6
ER mutation

Positive 136 79.1

Negative 31 18

Unknown 5 2.9
PR mutations

Positive 117 68

Negative 49 28.5

Unknown 6 3.5
HER2 mutation

Positive 55 32

Negative 107 62.2

Unknown 10 5.8

Total 172 100
n Mean Std. deviation

Age (years)

172 53.4 11
BMI
172 31.2 6

G1 (well-differentiated), G2 (moderately differentiated), G3 (poorly differentiated)

Table 2: Neoadjuvant chemotherapy response and last
follow-up status

n %

Complete response (CR) 123 71.5
Type of response

Partial response (PR) 20 11.6

No change or stable disease (SD) 23 13.4

Progressive disease (PD) 6 3.5
Status of Last FU

Alive with CR 106 61.6

Alive with PR 9 52

Alive with SD 17 9.9

Alive with PD 8 4.7
Lost FU or deceased 32 18.6
Total 172 100

*CR (complete disappearance of the tumor in the imaging or complete response), PR (partial response
>30% but no CR), SD (no change or <25% increase or decrease in tumor size in the absence of new
lesions), PD (>25% increase in tumor size and/or new lesion)

and progtression by functioning as a pro-metastatic factor.””
Similatly, cancer-induced lymphocytopenia has been linked to
tumor burden, paraneoplastic inflammatory syndrome, metastatic
locations, and a lower survival rate.”” Furthermore, chronic
inflammation influences carcinogenesis by generating reactive
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Table 3: Association of inflammatory biomarkers and response to neoadjuvant chemotherapy

Variables (n=172) CR (n=123) n (%) PR (n=20) n (%) SD (n=23) n (%) PD (n=6) n (%) P
NLR
High >3 22 (17.9%) 2 (10%) 0 (0%) 3 (50%) 0.014
Low <3 101 (82.1%) 18 (90%) 23 (100%) 3 (50%)
RDW
High >14.1 22 (17.9%) 2 (10%) 0 (0%) 0 (0%) 0.003
Normal 11-14.1 100 (81.3%) 18 (90%) 23 (100%) 5 (83.3%)
Low <11 1(0.8%) 0 (0%) 0 (0%) 1.(16.7%)
LMR
High >6.2 15 (12.2%) 4 (20%) 2 (8.7%) 2 (30%) 0.673
Low <6.2 108 (87.8%) 16 (80%) 21 (91.3%) 4 (80%)
PLR
High >135 69 (56.1%) 10 (50%) 9 (39.1%) 3 (50%) 0.504
Low <135 54 (43.9%) 10 (50%) 14 (60.9%) 3 (50%)

oxygen and nitrogen radicals, thus propagating deoxyribonucleic
acid (DNA) alterations in the host. In patients with cancer,
the body’s response to this process may result in a negative
outcome by affecting normal cellular integrity, causing additional
degradation and abnormal cellular proliferation.**]

This study investigated the clinical value of pre-treatment
PBIB (PLR, NLR, LMR, RDW, and MPV) as predictive makers
of response to NACT in LABC. NLR is an index reflecting
immunological and inflammatory responses that has been
studied in several malignancies. The increase or decrease in NLR
indicates a change in neutrophils or lymphocyte count. The high
ratio reveals a decrease in lymphocyte count or an increase in
[l Neutrophils ate
the primary source of circulating angiogenetic and growth factors

neutrophil count relative to normal patients.

that contribute to tumor growth and progression. Lymphocytes,
however, have a protective host response that includes cytotoxic
cell death and the generation of cytokines that suppress tumor

cell development.l'*14

Low NLR was associated with CR (71.5%) after NACT in
our study, indicating a potential predictor of better outcome
and prognosis in patients with BC. Another study suggested
that a high NLR is associated with a worse prognosis in
patients with BC.'"! High RDW has been linked to a variety
of cardiovascular, rheumatological, and inflammatory disease
outcomes. It has also been related to the production of
circulating cytokines, which contributes to the progression of
inflammation.®"" High RDW has been associated with a worse
prognosis in patients with cancer, indicating increased disease
activity and progression. RDW could be used as a potential
pre-treatment predictor of response in patients with BC and

other malignancies.”*

These values can be maintained within normal ranges by
optimizing the patient’s health status before treatment, as well as
treating other comorbidities that can alter these parameters and
contribute to cancer progression, poor prognosis, and survival.
Family physician and primary care practitioner have a major role in
optimizing the patient’s health through managing chronic illness,
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comorbidities, and polypharmacy. Moreover, hospitalists, family
medicine, and primary care practitioners are frequently involved
in community-based oncology practices,'! which can greatly
benefit from the use of inexpensive blood tests that are easily
accessible. Patients from rural areas with limited access to timely
cancer care can benefit the most where a pre-set treatment plan
can be put together by a multidisciplinary team from a specialized
oncology center and conducted by a local community practice
team, aiming for prompt and high-quality care. The COVID-19
epidemic has shifted the focus of care to alocal practice through
the utilization of teleoncology."¥ Therefore, the community
practice team can closely monitor patients receiving treatment
with the use of these blood biomarkers, identify those who are
less likely to exhibit a favorable response to chemotherapy, and
decide whether to refer them to the specialized oncology center.

Individualized considerations for patients with cancer based on
their baseline PBIB, in addition to other tumor features before
therapy, can play an important role during treatment. In addition,
examining NLR patterns and variations over time may help to
determine recurrence, resulting in earlier detection, intervention,
and improved outcomes. Drugs that interfere with neutrophil
functions such as reparixin CXCR1 and CXCR2 inhibitors
with suppression of the inflammatory reaction could be used
in combination with chemotherapeutic regimens to optimize
outcomes as proposed by Ref.l”

This study has some limitations, including that data came
from a single site, some OS data were missing, and some
patients’ follow-up times were lost. Furthermore, the level of
inflammatory biomarkers in the peripheral blood may have been
confounded by unidentified patient’s factors.

Conclusions

PBIB predict therapy response in patients with BC. RDW and
NLR were two peripheral blood indices that predicted response
to NACT in patients with BC. The availability and affordability
of these biomarkers in routine clinical practice is are a significant
advantage.
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