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Abstract

Background Breast cancer (BC) prevalence steadily increases in older patients but their treatment is based on the geriatric
evaluations of comorbidities and potential benefits proved in clinical trials with younger patients. The lack of better decision-
making tools urges to promote the search for new prognostic markers. The association between inflammation, aging and
cancer may be crucial for better treatment selection. We sought to analyze its impact on the survival of older BC patients,
evaluating the interaction with age and comorbidities.

Methods We evaluated the relationship between inflammatory biomarkers at BC diagnosis (circulating blood cell counts
and inflammatory indexes) and BC-related and not related mortality rate, evaluating the influence of comorbidities and age
through the competitive risks assessment.

Results We analyzed 148 consecutive BC patients aged > 70 years old, diagnosed with BC and regional lymph node metas-
tases. After the median follow-up of 51.5 months, 59 patients died (28 due to breast cancer progression and 31 because of
other causes). Increased levels of circulating monocytes, neutrophils and neutrophil-to-lymphocytes ratio and decreased
level of eosinophils and eosinophil multiple by neutrophils-to-lymphocytes ratio were associated with higher probability of
BC-related death but not with death related to other causes.

Conclusion Our data suggest a role of inflammatory parameters as a possible prognostic tool in therapeutic decision-making
process in older patients with BC, as increased level of inflammation was associated with cancer-specific mortality. Prospec-
tive studies may give the possibility of refining the geriatric evaluation for BC treatment in elderly.
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Introduction

Although the incidence of Breast Cancer (BC) increases
with age and the tumor biology is not the same in the elderly,
clinical trials usually exclude older population and the clini-
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cal guidelines are based mainly on the data from younger
patients [1, 2]. The prescribed cancer treatment in older
patients depends not only on the tumor subtype but also on
the life expectancy, conditioned by their frailty and comor-
bidities. However, there are still many patients who do not
achieve expected effects of anti-cancer therapy, because they
experience more toxicity and fewer benefits than reported in
clinical trials [1, 3].

Recently, we have witnessed a change in the paradigm
of prognostic factors in cancer research, as more and more
studies provide results about the prognostic and predictive
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role of systemic inflammation for survival outcomes in sev-
eral malignancies.

However, most of geriatric evaluations, such as the Charl-
son comorbidity index (CCI), are based on patients’ comor-
bidities and do not include the individual inflammatory
status, currently studied as a prognostic factor for different
types of cancer [4]. For these reasons, new prognostic tools
to refine the evaluation of older patients while choosing the
treatment are required.

Nevertheless, unlike in younger population, the evidence
on the relationship between inflammation and cancer in
elderly is still scarce. This is probably due to the potential
bias caused by the association of low-grade chronic inflam-
mation with the aging process, known as the inflamm-aging
[5, 6]. For these reasons, here we propose the evaluation of
a cohort of patients diagnosed with BC at the age of 70 years
or above to analyze the difference in the impact of inflam-
matory indicators on the mortality rate, both related and
unrelated to BC, and to clarify the interaction of systemic
inflammation with BC biology, patients’ age and comorbidi-
ties. We hypothesized that blood cell counts and inflamma-
tory indexes may be useful for the estimation of systemic
inflammatory status and prognostic of survival in elderly
patients with BC.

Patients and methods

After the approval of the Institutional Review Board, the
medical records of all patients diagnosed with BC and
regional lymph node metastases treated at our institution
between January 2012 and January 2017 were retrospec-
tively reviewed. The study was conducted in accordance
with the ethical standards following the Declaration of
Helsinki.

The clinical data of 148 consecutive patients diagnosed
at the age of 70 years old or above with BC with regional
lymph node metastases were analyzed. All patients had
accessible blood test results done within 3 months prior
to any treatment (surgery or neoadjuvant). Patients with
chronic treatment with corticosteroids or immunosuppres-
sive therapy were excluded (Fig. 1).

Inflammatory indicators

The absolute white blood cells (WBC) count was analyzed
separately for circulating neutrophils (absolute neutrophils
count—ANC), lymphocytes (ALC), monocytes (AMC) and
eosinophils (AEC) in pre-treatment blood tests. Addition-
ally, the following preoperative inflammatory indicators
were examined: neutrophil-to-lymphocyte ratio (NLR: neu-
trophil count divided by the lymphocyte count), monocyte-
to-lymphocyte ratio (MLR: monocyte count divided by the
lymphocyte count), eosinophil-to-lymphocyte ratio (ELR:
eosinophil count divided by the lymphocyte count) and
Eosinophils*Neutrophil-to-Lymphocytes Ratio (ENLR:
eosinophil count multiplied by neutrophils count and divided
by the lymphocyte count). The most appropriate cut-off
value for each indicator was chosen, according to the optimal
decision threshold from the receiver operating characteris-
tics (ROC) curve using the Youden index.

Statistics

The primary endpoint consisted of evaluation of the prog-
nostic value of WBC absolute count and systemic inflamma-
tion biomarkers on the cumulative incidence of BC-related
and non-BC-related deaths in the studied population of
elderly patients with BC.

Descriptive statistics were summarized using mean,
median, standard deviation (SD), and range. The

Fig.1 Study recruitment

319 older patients 2 70 years old at
diagnosis of BC with regional lymph
node metastases.

Patients with no available
blood test.
n=167

152 patients with available blood
test.

Patients with chronic
immunosuppressive therapy
n=4

148
Patients included in the study.
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comparisons between quantitative variables were estimated
by t-paired or chi-squared tests.

All statistical analyses were performed using the statisti-
cal software R (www.r-project.com). Analysis items with p
value < 0.05 were considered statistically significant. Sur-
vival outcomes were calculated from the date of diagnostic
biopsy to the event occurrence, which was breast cancer-
related death or death due to other cause.

The estimation of the prognostic value of the WBC and
inflammatory indicators was based on the competitive risks
methodology. For the analysis of competing risk of death,
cumulative incidences (CI) for BC-related and non-BC-
related deaths were calculated and compared using the modi-
fied chi-squared statistic [7]. Sub-distribution hazard ratio
(SDHR) was calculated for quantifying predictive relation-
ships between variables and CI [8].

Results
Patients’ characteristics and treatment

A total of 148 patients with a median age of 76 years (range
70-91 years) were included in the study. Almost 30% of
patients were > 80 years old and 42.6% had >2 comorbidi-
ties. The severity of comorbidities was high, since in 54%
of patients the CCI was > 6.

An 85.8% of the patients had luminal BC subtype, dis-
tinction between luminal tumors (A or B) was not possible
because Ki-67 index was available only in 17 patients.
Triple-negative tumors (TTN) were the least frequent
(6.8%). At diagnosis, 74.4% of the patients were clinically
diagnosed with stage II or III of disease, while 25.6% pre-
sented stage Ib with N micro-metastases. Only 17 patients
(11.5%) received some neoadjuvant treatment: 12 patients
were treated with chemotherapy, 4 patients with endocrine
therapy and 1 patient with radiotherapy. Among these, 4
patients (2.7%) did not finally receive surgical treatment.
Characteristics of all patients are summarized in Table 1.

Systemic inflammation markers: cut-off value

The most appropriate cut-off value for each indicator
was as follows: 2351.5 for ALC with an area under curve
(AUC) of 0.46, specificity (Sp) of 0.49 and a sensitivity
(Se) of 0.47; 641 for AMC (AUC 0.61, Sp 0.53, Se 0.58);
4489 for ANC (AUC 0.62, Sp 0.53, Se 0.59); 105 for AEC
(AUC 0.58, Sp 0.48, Se 0.59); 10.5 for LMR (AUC 0.36,
Sp 0.54, Se 0.38); 3.5 for NLR (AUC 0.60, Sp 0.76, Se
0.33); 0.035 for ELR (AUC 0.47, Sp 0.63, Se 0.35) and
65.5 for ELNR (AUC 0.64, Sp 0.49, Se 0.65).

Table 1 Study population

o Variables Categories n= % of total
characteristics (n=148)
Age 70-79 107 72.3
>80 41 27.7
Comorbidities 0-1 85 574
>2 63 42.6
Charlson Index <5 67 453
>6 81 54.7
Clinical Prognostic stage 1 38 25.6
1I 71 48.0
1 39 26.4
Molecular BC subtype Luminal 127 85.8
Her-2 11 7.4
Triple negative 10 6.8
Status at the end of the study
Alive 89 60.2
Dead 59 39.8
Breast cancer 28 18.9 (47.5% of deaths)
Non-BC-related 31 20.9 (52.5% of deaths)
Other cancer 11 7.4
Cardiovascular risk factors 4 2.7
Others 16 10.8
Total 148 100
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Outcomes

Median follow-up (FU) for the entire cohort was 51.5 months
(P25 39.3-P75 71). During this time, 59 patients (39.8%)
died: in 28 patients (18.9%) the underlying cause of death
was BC, 11 patients (7.4%) died from other cancer, 4 patients
(2.7%) due to diseases associated with cardiovascular risk
factors and 16 patients (10.8%) due to other diseases. At the
end of the study, 89 patients (60.2%) remained alive.

All WBC and inflammatory markers were independent
of age, tumor subtype and clinical stage. ANC and AEC
were associated with the number of comorbidities (0—1 ver-
sus>2) (p=0.02 and p=0.04, respectively), while ANC
and NLR were associated with CCI (p=0.00 and p=0.01,
respectively) (Table 2).

A greater risk of BC-related mortality was found in
patients with higher circulating neutrophils (ANC > 4489)
and monocytes (AMC > 641), and lower eosinophils
(AEC < 105), as well as in patients with NLR > 3.5 or with
ENLR < 65.5, while no statistically significative differences
were observed in patients with high level of circulating
lymphocytes (ALC >2351.5), LMR >10.5 or ELR >0.035
(Fig. 2).

When SDHR was calculated and its effect on CI for
BC was analyzed, univariate analysis has shown that
AMC > 641, ANC >4489, AEC <105, NLR>3.5 and
ELNR < 65.5 indicated a higher risk of BC compared to
their respective counterparts (Table 3). Interestingly, the BC-
related mortality was not associated with any of expected
patients and tumor characteristics, such as patient’s age,
number of comorbidities, CCI, cancer clinical stage and
molecular subtype (Table 4).

However, in the multivariate analysis, neither WBC nor
inflammatory markers demonstrated to be independent prog-
nosticators for both BC-related and non-related mortality.

Discussion

Although BC is biologically different in elderly, the patients
diagnosed at the age of 70 years old or above are under-
represented in the clinical trials [1, 3, 9]. As a consequence,
the clinical guidelines are based on the benefits proved in
younger patients [10]. Moreover, the geriatric scales, such
as the CCI, rely mainly on the evaluation of co-morbidities
and do not include any immunological characteristics, which
may determine patient’s response to the tumor and, as a con-
sequence, their survival [11].

In many older women, the supposed benefit of the onco-
logical treatments is based on the survival prediction, which
fails due to the lack of better tools to assess the patients’
availability to receive highly toxic treatment and urges to
promote the search for new predictive markers. Avoiding

overtreatment and under-treatment should be a central objec-
tive in older patients treated for BC due to its direct impact
on patient mortality [1, 2, 6].

Probably for this reason, many older patients are still
frequently under- or over-treated, as the analysis of the
risk—benefit ratio of anti-cancer therapy for this population
does not address the individual capacity of the inflammatory
response to the tumor development [12]. This situation is
reflected both in geriatric scales and new decision-making
algorithms for older BC patients, such as a new nomogram
proposed to estimate the risk of death within 90 days after
BC surgery in older patients, based on seven variables (age,
gender, comorbidity score, facility type, facility location,
clinical stage, and surgery type) [13].

Besides, this immunological response may be differ-
ent in older patients, as aging is associated with a chronic
inflammation and immune deregulation process known as
inflamm-aging [5]. This process is based on sustained high
levels of pro-inflammatory substances produced without the
influence of specific triggers, where the ability for articulat-
ing an effective inflammatory response is also reduced [14,
15].

On the one hand, inflamm-aging has been proposed as a
strong candidate to be the link between aging and cancer as
chronic inflammatory status has influence in the microen-
vironment of several types of tumors, this include BC [16].

On the other hand, inflamm-aging is associated to cellular
and tissue damage, and this contributes to the development
of patients’ frailty [6, 14, 15]. Several studies have found a
relationship between frailty and high leucocyte, neutrophil
and monocyte counts [17, 18].

Many studies found the relation of inflammatory mark-
ers at cancer diagnosis and patient’s survival [19, 20].
Although BC has not classically been associated with an
obvious chronic inflammatory process in the tumor micro-
environment, available evidence shows that higher levels of
pro-inflammatory markers slow down the process of the age-
related atrophy of the mammary lobes and consequently may
produce an increased risk of developing BC [21].

To date, the influence of WBC and inflammatory markers
on the younger BC patients’ survival was described by many
authors [22, 23]. However, the results in geriatric patients
have scarcely been reported [12].

In our study, ANC>4489, AMC>641, AEC< 105,
NLR >3.5 and ELNR <65.5 were associated with an
increased risk of BC-related death, but not with non-BC-
related mortality. In geriatric patients, the presence of
comorbidities and subsequent chronic inflammation may
determine the higher levels of circulation WBC. Neverthe-
less, in our analysis, the altered WBC levels did not influ-
ence the non-BC mortality but conditioned the BC-related
deaths, probably as a part of the antitumor response of the
adaptive immune system [24].
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Table 2 Association of inflammatory markers with patients” age (A), comorbidities (B), Charlson Comorbidity Index (C) and tumor subtype (D)

A

Inflammatory marker <80 years (n=107) >80 years (n=41) p value
Age Mean SD Mean SD

ALC 1985 707 1727 553 0.05
AMC 490 218 484 199 0.95
ANC 4777 4380 4339 1213 0.57
AEC 170 118 179 94.1 0.37
LMR 442 1.92 4.27 2.59 0.24
NLR 2.63 2.12 2.81 1.46 0.08
ELR 0.09 0.06 0.10 0.07 0.33
ELNR 83.9 63.9 75.2 44.8 0.73
B

Comorbidities 0—1 comorbidities (n=85) >2 comorbidities (n=63) p value
Inflamatory marker Mean SD Mean SD

ALC 1898 716 1934 619 0.52
AMC 478 205 503 222 0.54
ANC 4567 4737 4774 1847 0.02
AEC 157 102 194 120 0.04
LMR 4.24 1.84 4.57 2.45 0.73
NLR 2.64 2.25 2.72 1.49 0.24
ELR 0.09 0.06 0.09 0.06 0.75
ELNR 78 61.3 86.1 56.3 0.22
©

Charlson Index Charlson Index <5 (n=67) Charlson Index >6 (n=81) p value
Inflamatory marker Mean SD Mean SD

ALC 1982 759 1856 594 0.50
AMC 479 205 496 219 0.83
ANC 4590 5292 4709 1765 0.00
AEC 154 103 188 117 0.06
LMR 431 1.78 4.44 2.37 0.89
NLR 2.52 2.36 2.81 1.55 0.01
ELR 0.09 0.05 0.10 0.07 0.35
ELNR 82.4 64.9 80.7 54.4 0.84
D

BC subtype Luminal (n=127) Her-2 enriched (n=11) Triple-negative (n=10) p value
Inflammatory markers Mean SD Mean SD Mean SD

ALC 1936 676 1962 778 1575 480 0.28
AMC 491 204 549 309 384 176 0.39
ANC 4410 1763 8355 12,330 3701 1449 0.19
AEC 177 112 163 128 127 85.1 0.43
LMR 447 2.16 4.04 1.72 3.64 2.02 0.71
NLR 2.54 1.48 4.1 4.63 2.79 2.31 0.34
ELR 0.10 0.06 0.09 0.05 0.05 0.04 0.11
ELNR 85.1 60.6 60.4 48.7 58 42.1 0.24

Bold value denotes statistical significance at the p < 0.05 level

ANC absolute neutrophils count, ALC absolute lymphocytes count, AMC absolute monocytes count, AEC absolute eosinophils count, NLR neu-
trophil-to-lymphocytes ratio, LMR lymphocytes-to-monocytes ratio, NLR eosinophil-to-lymphocytes ratio, ENLR eosinophil multiplied by neu-
trophil-to-lymphocytes ratio
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Fig.2 Difference in survival of BC patients according to ANC (A),
AMC (B), AEC (C), NLR (D), ENLR (E)

Moreover, the increased number of circulating mono-
cytes determines an increase in reactive oxygen species
(ROS) production, thereby inducing a state of suppres-
sion of the antitumor activity of T lymphocytes and NK
cells [25]. The role of monocytes in BC development
was examined in the recently published article of Wang
et al., who suggested that the proportion of BC progres-
sion depends on two essential components of the tumor

microenvironment: monocytes and inflammatory cytokine
CLCX7 [26].

Additionally, once in tumor tissue, monocytes can dif-
ferentiate into tumor-associated macrophages and promote
the tumor invasion and metastasis by preparing a favorable
tumoral microenvironment [27].

Our results, that included all BC subtypes, are consistent
with these findings, although up till now, many studies were
focused only on the more aggressive molecular subtypes,
such as TNT [28]. A meta-analysis that included more than
5500 patients reported that a low lymphocyte-to-monocyte
ratio (LMR) was associated with a poor overall survival
(OS), particularly in TNT, due to stronger immune response
from NK cells than tumors expressing estrogen receptors and
higher presence of regulatory T lymphocytes with immuno-
suppressive activity in tumor tissue of TNT [29]. Our results
did not show the prognostic value of LMR, possibly due to
high proportion of luminal tumors in our sample.

Regarding AEC, ELR and ENLR, none of these indices
has been previously studied in older patients with BC. The
difference that we observed between ELR and ENLR results
suggests that the relationship between eosinophils and lym-
phocytes in ELR was affected by neutrophils in ELNR.
Lower lever of AEC and ENLR was associated with higher
BC-related mortality and this finding is attractive regarding
the role of eosinophils in tumorigenesis, as some authors
suggested that a greater amount of eosinophils infiltrated
into the tumor led to a decrease in its peripheral blood count
[30].

The prevalence of chronic diseases in our study is higher
compared to that reported by other studies in BC [30]. Even
so, our results are in agreement with the previously cited
investigations as we confirmed the higher inflammation sta-
tus associated with comorbidities: we found a significantly
higher ANC, NLR and AEC values in patients with>?2
comorbidities and CCI > 6 (Table 2).

The aging process is related to the presence of comorbidi-
ties and sustained chronic inflammation, but we hypothesize
that the tumor development may change this stable chronic
inflammation. Our results suggested that hematological indi-
ces of chronic inflammation could be useful and easily avail-
able prognosis tool in older BC patients.

Strengths and weaknesses of our study

Our study aimed to differentiate the impact of age-related
inflammation and tumor-related inflammation on the sur-
vival of BC diagnosed in older patients. The main strength
of this work is the analysis of the influence of inflammatory
markers separately on the BC-related and non-related mor-
tality. According to our results, patients with altered immu-
nological response were at higher risk of dying from BC,
as the changes in immunological system during the tumor
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Table 3 BC-related and non-BC-related mortality rate according to the different inflammatory indicators in peripheral blood

Inflammatory ~ Cut-off value Cause of death Mortality rate according to time (months) from diagnosis (%) p value

indicator 20 months 40 months 60 months 80 months 100 months

ANC <4489 BC 0.03 0.06 0.10 0.10 0.35 0.01
>4489 0.10 0.18 0.28 0.33 0.33
<4489 Others 0.02 0.11 0.19 0.25 0.25 0.94
>4489 0.01 0.13 0.22 0.22 0.22

ALC <2352 BC 0.07 0.13 0.17 0.17 0.36 0.95
>2352
<2352 Others 0.02 0.05 0.18 0.25 0.25 0.37
>2352

AMC <641 BC 0.02 0.10 0.19 0.22 0.22 0.02
>641
<641 Others 0 0.17 0.24 0.30 0.30 0.05
>641

AEC <105 BC 0.15 0.25 0.30 0.36 - 0.00
>105 0.27 0.06 0.13 0.13 0.27
<105 Others 0.02 0.12 0.17 0.17 - 0.53
>105 0.01 0.12 0.21 0.26 0.26

NLR <35 BC 0.04 0.08 0.137 0.157 0.288 0.00
>3.5 0.17 0.30 0.40 0.40 -
<35 Others 0.02 0.12 0.21 0.26 0.26 0.78
>3.5 0.04 0.13 0.18 0.18 -

LMR <10.5 BC 0.06 0.11 0.18 0.20 0.23 0.86
>10.5 0 0 0 0 -
<10.5 Others 0.02 0.09 0.17 0.20 0.20 0.73
>10.5 0 0.25 0.34 0.37 -

ELR <0.08 BC 0.13 0.18 0.18 0.18 - 0.94
>0.08 0.04 0.10 0.17 0.19 0.31
<0.08 Others 0 0 0.05 0.12 - 0.11
>0.08 0.02 0.14 0.23 0.26 0.26

ELNR <65.5 BC 0.11 0.20 0.25 0.29 - 0.00
>65.5 0.01 0.03 0.11 0.11 0.21
<65.5 Others 0.02 0.10 0.18 0.18 - 0.33
>65.5 0.01 0.14 0.21 0.29 0.29

Bold values denote statistical significance at the p < 0.05 level

ANC absolute neutrophils count, ALC absolute lymphocytes count, AMC absolute monocytes count, AEC absolute eosinophils count, NLR neu-
trophil-to-lymphocytes ratio, LMR lymphocytes-to-monocytes ratio, NLR eosinophil-to-lymphocytes ratio, ENLR eosinophil multiplied by neu-

trophil-to-lymphocytes ratio

were different to the age-related inflammation. To our best
knowledge, our approach is a pioneer to investigate how the
immune response in the older patients increases the risk
of tumor-related death, without losing sight of age-related
immune changes.

Moreover, none of our patients was exposed to anti-
inflammatory treatment (Fig. 2) and the cut-off values
of inflammatory markers were established for popula-
tion > 70 years old. Of note, another recent study, which
specifically addressed the role of WBC and inflammatory
markers, was conducted in older BC population, only
52.2% of included patients were 65-70 years old and
only one index (platelet-to-lymphocyte ratio, PLR) was
associated with OS and disease-free survival (DFS) [12].

@ Springer

Besides, in this study, the cut-off values for each inflam-
matory marker were not based on geriatric population,
in fact they were based on a previous study, addressing
patients with a median age around 46 years old [22]. Addi-
tionally, patients treated with systemic steroids were not
excluded [14].

However, the relatively short FU and limited number of
patients in the current study could have influenced our mul-
tivariate analysis results. For these reasons, there is an urgent
need to confirm our hypothesis in larger prospective studies
that should be based on the evaluation of the immune system
changes during cancer development and how to differentiate
them from the physiological age-related inflammation, as a
part of the next major advance in BC treatment.
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Table 4 Relation of patients’

0N . Patients and tumor characteristics
and tumors characteristics with

BC-related deaths—  Other causes of p value (X2 test)

BC-related mortality in older n (%) death—n (%)
patients Age—median (range)
70-79 17 21 0.38
>80 11 10
Comorbidities
0-1 17 14 0.17
>2 11 17
Charlson Index
<5 10 12 0.51
>6 18 19
Clinical prognostic stage
I 4 6
II 15 19
111 9 6 0.51
Molecular subtype 0.41
Luminal 22 28
Her 2+

Triple negative

Our research outlines the clinical importance of host-
derived factors regulating the Systemic inflammatory
response in BC patients and suggests the implementation
of this information for developing new risk stratification
criteria and follow-up recommendations. We believe that
our study provides new evidence about the role of systemic
inflammation in BC outcomes in elderly and may generate
more questions about the mechanism of WBC interaction
and its influence on tumor progression.

This is the first report that describes and analyses the
pre-treatment inflammatory ratios as prognostic indicators in
older BC patients, suggesting that they might provide addi-
tional prognostic value beyond the standard clinical-patho-
logical parameters and should be a subject of more extensive
studies to define better their clinical application.

Conclusion

The treatment of BC diagnosed in older patients is chal-
lenging, as the new guidelines dedicated to older popula-
tion are mainly based on the results of trials extrapolated
from younger patients. The inclusion of inflammatory index
in the geriatric evolution would help to improve prediction
of the life expectancy in patients with cancer and to better
adjust the personalized treatment. Addressing the relation-
ship between BC and chronic inflammation in older patients
with BC could provide relevant data to guide therapeutic
decisions and might be helpful for planning intervention
strategies in this population.
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