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ABSTRACT

Article History:

Despite their different mechanism of action, the antitumor efficacy of overall anticancer therapies
would depend not only on their antitumor cytotoxic activity, but also on the immune biological
response of cancer patients, which is the result of interactions between immunostimulatory and
immunosuppressive events. Today, it is known that the anticancer immunity is mainly depending on
T helper (TH) (CD4+) and dendritic cells, whereas it inhibited by the macrophage system and
regulatory T lymphocytes (T reg) (CD4+CD25+). Moreover the generation of T reg cells has been
proven to be stimulated by macrophage-mediated chronic inflammatory status related to cancer
progression. Therefore, it becomes to be clinically important to identify possible inexpensive
biomarkers able to investigate and to define the immunoinflammatory status of cancer patients with
the respect to more expensive analyses, such as the measurement of lymphocytes subset and
cytokines blood concentration. Recent clinical studies have shown the common available inexpensive
routinely laboratory analyses, such as lymphocytes-to-monocyte ratio (LMR) may reflect the
immunoinflammatory status of cancer patients, since lymphocyte and monocyte count are
respectively related to the anticancer immunity and to his macrophage mediated suppression. On this
basis, a study was planned to establish which correlation may exist between LMR and lymphocyte
subsets, namely T reg cells, in metastatic cancer patients. The study included 30 metastatic cancer
patients, who were affected by the most common solid neoplasm. LMR and TH-TO-T reg ratio were
considered to be normal when they were greater than 2.1 and greater than 10. Abnormally low values
of LMR and TH-TO-T reg ratio were observed in 14/30 (47%) and in 16/30 (53%) patients,
respectively. Patients with abnormally low values of TH-TO-T reg ratio showed significantly mean
values of LMR than those with normal values. Moreover, a significantly positive correlation was
observed between TH-TO-T reg ratio and LMR values. On the contrary, LMR was negatively
correlated to T reg cell percentage. The results of this preliminary study would suggest that LMR may
represent the best surrogate inexpensive biomarker with the respect to other most complex and
expensive immune analyses to monitor the status of the immunoinflammatory biological response of
cancer patients.
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INTRODUCTION
From a clinical point of view, the recent advances in cancer
immunotherapy with cytokines such as IL-2 (Whittington,
1993) and anti-immune checkpoint monoclonal antibodies
(MAB) (Ashwell, 2008) require the identification of biological
markers to monitor and predict immunotherapy-induced
biological response of cancer patients. Moreover, potential
biological markers would have to be identified not only at
tumor histological features, but also in the blood of cancer
patients. Themselves Unfortunately, the evaluation of the
immune status, commonly require several complex and
expensive clinical analyses, including the determination of
*Corresponding author: Giusy Messina,
International Institute of Psychoneuroendocrinoimmunology, Milan,
Italy.

cytokine blood concentrations and lymphocyte subpopulations,
in particular T helper (TH) and regulatory T lymphocytes (T
reg), which are the main lymphocytes responsible for the
activation and the suppression of the anticancer immunity,
respectively (Riesco, 1979; Grimm et al., 1982; Zou, 2006).
Therefore, it is clinically important to reach the possibility to
evaluate the anticancer immune status of each single cancer
patients, mainly in those undergoing cancer immunotherapy
through the common laboratory routinely analyses, by
identifying simple and less expensive biological parameters.
Today it is known that the human anticancer immunity is the
end result of two fundamental biological response, the
anticancer immune reaction and the chronic inflammatory
response, which is mainly mediated by the macrophage system
and is associated with a suppression of the anticancer
immunity (Grivennikov et al., 2010). The activation of an
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effective anticancer immune response in humans is mainly a
TH cell and dendritic cell phenomenon, whereas its
suppression is namely mediated by T reg lymphocytes (Riesco,
1979; Grimm et al., 1982; Zou, 2006). Then, the simple TH
cell to T reg cell ratio has been proven to be a biological
parameter able to synthetically reflect the interaction between
activation and suppression of the anticancer immunity (Brivio
et al., 2008), which however cannot be commonly used in the
clinical management of cancer patients because of its relatively
high cost. The chronic inflammatory response allows a
suppression of the anticancer immunity by either stimulating
the generation of T reg cells (Thornton, 2002) or determining
macrophage tumor infiltration (Mantovani et al., 2008), which
has been proven to stimulate cancer cell proliferation and to
predict a poor prognosis (Peggs et al., 2009). On the same
way, the evidence of an increase in t reg cell percentage has
appeared to be associated with a poor prognosis in metastatic
cancer patients (Keir et al., 2008). T reg cell-induced
suppression of the anticancer immunity has been proven to be
mediated by the activation of specific immune proteins
expressed of cell surface of lymphocytes, the so-called
immune checkpoints, the most important of them are
represented by cytotoxic T lymphocyte antigen-4 (CTLA-4)
(Grenader et al., 2016) and programmed death-1 (PD-1) (Wu
et al., 2015), whose activation induces an inhibition of both
TH cell and cytotoxic T lymphocyte functions.
Moreover, recent clinical studies have demonstrated that
commonly routinely hemochromocytometric parameters,
namely the lymphocyte-to-monocyte ratio (LMR), may play a
prognostic significance by reflecting the anticancer immune
and chronic imflammatory response occurring in the single
cancer patient (Eo et al., 2016). In more detail, since the
activation of the anticancer immunity or of its suppression is
respectively related to lymphocyte and to monocytemacrophage system (Riesco, 1979; Grimm et al., 1982; Zou,
2006), LMR would synthetically express the relation existing
between activation and chronic inflammatory status-related
suppression of the anticancer immune reaction, by potentially
representing the most simple and economic laboratory
parameter to monitor the anticancer immune status of patients.
In addition, the simple monocyte count has been proven to
reflect the general status of the monocyte-macrophage system
responsible for T reg cell system activation and to correlate
with the presence of tumor-associated macrophages and tumor
macrophage infiltration (Ehrke et al., 1982), which may
stimulate tumor growth and determine a poor prognosis (Peggs
et al., 2009). Then, it has to be determined which relation may
exist between LMR and T reg cell activation in cancer patients,
and if there may be a correlation between those two laboratory
parameters, routinely and economic the former and specific
and expensive the latter. The present preliminary study was
performed in an attempt to investigate the relation between
LMR and lymphocyte subset percentage, namely that of TH
and T reg cells, because of their fundamental role in the
activation and in the suppression of the anticancer
immunobiological response, respectively (Riesco, 1979;
Grimm et al., 1982; Zou, 2006).

MATERIALS AND METHODS
The study included 30 consecutive metastatic solid tumor
cancer patients (M/F: 10/20, median age: 56 years, range 4183). Eligibility criteria were, as follows: histologically proven
metastatic solid tumor, measurable lesions, no chronic
concomitant treatment with opioids or corticosteroids because

3354

of their immunosuppressive effects, and no previous
chemotherapy for at least 3 month prior to study. Patients
follows: breast cancer: 11; lung cancer 5 (squamous cell: 2,
adenocarcinoma: 2, small cell: 1); pancreas adenocarcinoma:
5; colorectal cancer: 3; gastric cancer: 3; melanoma: 2;
hepatocarcinoma: 1. dominant metastasis sites were, as
follows: soft tissues: 10; bone: 1; lung: 3; liver: 9, liver plus
lung: 1, brain: 3, peritoneum: 3. for the immune evaluations,
venous blood samples were collected in the morning after an
overnight fast. In each blood sample, we have measured
lymphocyte count, monocyte number and some lymphocyte
subpopulations, including TH lymphocytes (CD4), cytotoxic T
lymphocytes (CD8), T reg (CD4+CD25+), NK cells
(CD16+CD56+). Lymphocyte subsets were detected by the
flow cytometric analysis and specific MABs, which were
supplied by Becton7Dickinson (Milan, Italy). Moreover, LMR
and TH-to-T reg ratio were also determined. According to the
data reported in the literature (Riesco, 1979; Zou, 2006; Brivio
et al., 2008) and observed in our laboratory, lymphocyte count,
LMR and TH-to-T reg ratio were considered to be within the
normal range (95% confidence limits) when they were
respectively more than 1,500/mm3, more than 2.1 and more
than 10, corresponding to a percentage of T reg cells less than
10% with respect to that of TH lymphocytes. Data were
reported as mean +/- SE, and statistically analyzed but the chiquare test, the Student’s test, and the coefficient of correlation,
as appropriate.

RESULTS
Abnormally low lymphocyte count less than 1,500/mm3 was
observed in 19/30 (63%) metastatic cancer patients. Moreover,
abnormally low values of LMR less than 2.1 and TH-to-T reg
ratio less than 10% were seen in 14/30 (47%) and in 16/30
(53%), respectively. Cancer patients with abnormally low
values of TH-to-T reg ratio showed significantly lower mean
values of LMR than those with TH-to-T reg ratio within the
normal range (1.7 +/- 0.2 vs 4.4 +/- 0.6, p<0.005). LMR values
in relation to the other immune parameters are reported in
Table I. As shown, cancer patients with LMR higher than 2.1
showed statistically significantly higher mean number of
lymphocytes (p<0.05), total T lymphocytes (p<0.025) and
CD4+ lymphocytes (p<005) than those with low LMR value.
On the contrary, patients with normal LMR had significantly
lower mean count of monocytes (p<0.025) and T reg cell
percentage (p<0.001) with respect to the values observed in
patients with low LMR mean values, whereas no significant
difference in T reg cell mean count was observed between
patients with normal or abnormally low LMR. CD8+
lymphocyte and NK cell mean numbers were respectively
higher and lower in patients with LMR values higher than 2.1
than in those with values less than 2.1, but none of these
differences was statistically significant. Moreover, LMR was
positively correlated to TH-to-T reg ratio (r=0.79, p<0.025).
Table 2 shows T reg mean number, T reg percentage of TH
cells and TH-to-T reg mean ratio in relation to lymphocyte
count. Lymphocytopenia was associated with a statistically
significantly lower TH-to-T reg ratio (p<0.05) and with a
significantly higher t reg cell mean percentage (p<0.05) with
respect to the values found in patients with normal lymphocyte
count. Finally, the percentage of lymphocytopenia was
significantly higher in patients with abnormally low LMR than
in those with normal values (12/14 (86%) vs 7/16 (44%),
p<0.025) and in patients with low TH-to-T reg ratio than in
those with normal values (13/16 (81%) vs 6/14 (43%),
p<0.05).
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Table 1. Immune parameters (x +/- SE) observed in 30 metastatic cancer patients with
normal (>2.1) or low lymphocyte-to-monocyte ratio (LMR)

* P < 0,05; ** P < 0,025; *** P < 0,001

Table 2. Regulatory T lymphocytes (T reg) mean percentage of T helper (TH) lymphocytes and TH-to-T reg mean ratio
(TH/T reg) in metastatic cancer patients with normal lymphocyte count (> 1,500/mm3) and in those with lymphocytopenia

* P<0,05

DISCUSSION
The results of this preliminary study, carried out to identify
possible inexpensive biological markers able to synthetize the
immunoinflammatory status of metastatic cancer patients in an
appropriate manner similar to that of other more sophisticate,
but more expensive biomarkers, such as cytokine blood levels
and lymphocyte subsets, namely TH-to-T reg ratio (Riesco,
1979; Grimm et al., 1982; Zou, 2006; Grivennikov, 2010;
Brivio et al., 2008), would suggest that the simple LMR
evaluable on the basis of the simple hemochromocytometric
analysis, is negatively correlated with the chronic
inflammatory-immunosuppressive status of patients with
metastatic neoplastic disease. Therefore, the evidence of an
abnormally low LMR would reflect an exaggerated activation
of macrophage-T reg lymphocyte system. Then, the same
clinical information on the immunoinflammatory status of
cancer patients, which may be drawn from sophisticate and
expensive immune analyses, may be also obtained from the
simple hemochrome by detecting MR, which could be
considered a simple inexpensive surrogate biomarker, capable
of showing the opposite relation between lymphocyte-induced
anticancer immunity and its suppression by the macrophagemediated chronic inflammatory status. Moreover, according to
previous clinical investigations (Riesco, 1979; Grimm et al.,
1982; Zou, 2006; Grivennikov, 2010; Brivio et al., 2008;
Thornton, 2002), this study confirms that cancer-related
lymphocytopenia is associated with an increased percentage of
T reg cells with respect to that of TH lymphocytes.

The lack of significant difference in T reg cell mean count
between patients with normal or low number of lymphocytes,
which represent the main cells involved in the generation of an
effective anticancer immunity (Riesco, 1979; Grimm et al.,
1982; Zou, 2006), but also on its association with an
abnormally high percentage of T reg cells within the group of
CD4+ cells. Obviously, the great variety of tumor histotypes
considered in the present study does not allow us to identify
possible immune difference in relation to the different tumor
histotypes. If successive studies in a greater number of patients
will confirm the clinical significance of LMR as a biomarker
capable of synthetizing the interactions between anticancer
immunity and its suppression by the chronic inflammatory
status, LMR could be identified as a the most simple biological
marker to investigate the immunoinflammatory status of
cancer patients, namely during the metastatic disease, either in
basal conditions or under the different anticancer conventional
treatment, including chemotherapy itself, because of its
potential stimulatory effect on the anticancer immune reaction.
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