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ABSTRACT

The recent advances in the knowledge of the mechanisms in-
volved in the antitumor immunity have allowed to elaborate
immunotherapeutic strategies of cancer not only on the basis
of an empiristic approach, as well as in the past years but on
a better definition of the physiopathology of the anticancer
immune response. In particular, it has been demonstrated that
the antitumor immunity is mainly mediated by lymphocytes
and that their functional status depends on the expression of
specific cell-surface molecules, the so-called immune check-
points, whose expression may block T cell activation, the
most important of them would be represented by PD-1 and
its ligands, PD-L1 and PD-L2. Lymphocyte functions may be
activated by IL-2, whereas the action of checkpoints may be
blocked by specific anti-PD-1 monoclonal antibodies (MABs).
Even though there are controversial results, the efficacy of
anti-PD-1 MABs would be related to the expression of PD-L1
by tumor cells or at tumor microenvironment sites, whereas
at present no patient-related biological response has been
identified to predict the efficacy of anti-PD-1 MABs, whereas
that of IL-2 immunotherapy may be predicted by the evidence
of an important increase in lymphocyte count in association
with a low macrophage system activation. Finally, recent ob-
servations have demonstrated that the interactions between
lymphocyte and macrophage systems may be reflected by
the simple lymphocyte-to-monocyte ratio (LMR) and that the
evidence of an abnormally low LMR predicts a poor progno-
sis. The present study was performed to evaluate the relation
between the efficacy of the anti-PD-1 MAB Nivolumab and
patient biological response, as investigated by detecting lym-
phocyte, monocyte, eosinophil counts and LMR, in metastatic
non-small cell lung cancer (NSCLC), by comparing the results
to those obtained by SC low-dose IL-2. The study included 30
patients treated with Nivolumab and 20 patients treated with
IL-2. Patients were evaluated before and after 3 months of im-
munotherapy. Nivolumab was intravenously administered at
3 mg/kg b.w. At 15-day intervals. IL-2 was injected subcutane-
ously at a dose of 6 MIU/day for 5 days/week for 4 consecutive
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weeks, followed by 2 week-rest period. No significant differ-
ences in the percentages of both tumor regression and stable
disease were seen between patients treated by Nivolumab
or IL-2. Irrespectively of the clinical response, mean values of
both lymphocytes and eosinophils significantly increased on
IL-2 therapy. Monocyte mean count decreased on IL-2 therapy,
without, however, significant differences. On the contrary, an
increase in lymphocyte and eosinophil mean counts and a de-
cline in monocyte number occurred in the only patients with
tumor regression or stable disease under Nivolumab therapy,
even though the difference was not significant. In contrast,

a significant increase in LMR mean values were observed in
patients of Nivolumab group, who achieved a disease control
on therapy. This preliminary study would suggest that the in-
crease in LMR may represent a biomarker able to predict the
efficacy of anti-PD-1 immunotherapies, while lymphocytosis
constitutes the most important favorable prognostic biomark-
er on IL-2immunotherapy.

KEYWORDS: Checkpoint inhibitors, Immune checkpoints,
Immunotherapy, interleukin-2, Nivolumab, Programmed
Death-1 (PD-1), PD-L1.

INTRODUCTION

Despite its complexity, today there is no doubt about the
existence of a physiological immune-mediated antitumor
biological resistance, whose mechanisms are finally almost
completely defined. In fact, it has been demonstrated that the
antitumor immunity is substantially a lymphocyte-dependent
phenomenon [1]. All lymphocyte subsets play an anticancer
role, the cytotoxic T lymphocytes by exerting an antigen-
dependent cytotoxicity, the T helper-1 (TH1) lymphocytes by
inducing a systemic activation of the immune system through
the release of IL2 as a main T cell growth factor, and the NK
cells, which may exert an antigen-independent cytotoxicity
against fresh human cancer cells after their activation by IL-2
[2], with the only exception represented by the regulatory T
lymphocytes (T reg) [3], which in contrast may suppress the
antitumor immunity namely through the production of TGF-
beta, one of the most endogenous immunosuppressive
factors [4]. Moreover, it has been demonstrated that the
generation of T reg lymphocytes is stimulated by the
macrophage-mediated chronic inflammatory response [5].
The functional status of the monocyte-macrophage system
may be clinically investigated by monitoring the blood levels
of several biomarkers of the chronic inflammatory response,
the most important of them would be represented by CRP,
neopterin, and soluble IL-2 receptor [6]. Moreover, it has
recently been demonstrated that the simple monocyte count
is positively correlated with the degree of macrophage system
activation and with macrophage infiltration within the tumor
mass, which has appeared to stimulate tumor cell proliferation
and to predict a poor prognosis [5,7]. Then, being the
anticancer immunity the end- result of the balance between
two opposite biological dynamics consisting of the activation
of an effective anticancer immune response, namely mediated
by lymphocytes [1,2], or its suppression induced by the
macrophage-T reg cell system [3-5], the interaction between

activation and suppression of the anticancer immunity may
be simply reflected and synthetized by the lymphocyte-to-
monocyte ratio (LMR), whose normal values have appeared to
be at least greater than 2.1 [8]. The prognostic importance of
LMRis confirmed by the fact that the evidence of an abnormally
low LMR value has appeared to predict a poor prognosis [8].
This finding is not surprising since lymphocyte and monocyte
counts reflect the activation or the suppression, respectively,
of the anticancer immunobiological response [1-4]. Moreover,
it has to be remarked that lymphocyte-mediated antitumor
activity depends on two fundamental variables, consisting of
their absolute number and their functional status. From this
point of view, it has recently been demonstrated that
lymphocyte functional activation would be regulated by the
expression of some particular cell surface molecules, the so-
called immune checkpoints [9,10], whose activation may
allow a suppression of lymphocyte functions and of their
anticancer efficacy, and the most important of them would be
represented by programmed death-1 (PD-1) and its ligands,
PD-L1 and PD-L2. Therefore, the block of immune checkpoints
by checkpoint inhibitors, such as the anti-PD-1 monoclonal
antibodies (MAB), may enhance the efficacy of the anticancer
immune response. By synthetizing, the antitumor immunity
may be enhanced through two fundamental strategies,
consisting of the increase in lymphocyte number and the
inhibition of immune checkpoint activities, mainly PD-1 and
its ligands. Several cytokines have been employed to enhance
the antitumor immune response, including interferon (IFN)-
alpha, IFN-gamma, IL-2, IL-4, IL-12, and at present the most
active antitumor cytokines in humans have appeared to be
IL-2 [11] and IL-12 [12]. Moreover, it has to be remarked that
the immunotherapy of cancer with IL-2 would represent the
only antitumor immunotherapeutic strategy, whose efficacy
may be predicted on the basis not only of the biological
characteristics of tumors, including histology, tumor genetic
features, and disease extensions but also on the basis of
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patient immunobiological response [13,14]. In fact, the
efficacy of IL-2 immunotherapy in determining tumor
regression or at least a chronic stabilization of the neoplastic
growth is associated with an increase in lymphocyte count
and in eosinophil number [13,14]. In more detail, IL-2-induced
eosinophilia is generally associated with a stabilization of
disease only, while lymphocytosis may predict tumor
regression. In any case, tumor eosinophil infiltration may also
contribute to tumor cell destruction through the release of
cytotoxic proteins, such as the major basic protein (MBP).The
main limit of IL-2 cancer immunotherapy has appeared to be
represented by the possible concomitant induction of
immunosuppressive events, mainly consisting of the activation
of the macrophage system [14], which may suppress the
antitumor immunity by inducing a chronic inflammatory
response [5,7], and T reg cell generation [15], as confirmed by
the fact that a low increase in soluble IL-2 receptor as a
biomarker of macrophage activation [6), and in T reg cell
count, is associated with an efficacy of treatment [18,19).
Therefore, the major problem of IL-2 cancer immunotherapy is
represented by the control of the concomitant generation of
suppressive events, in particular, T reg cell generation. Several
cytokines have been evaluated to amplify IL-2 anticancer
efficacy [16-19], but at present the only cytokine, which has
appeared to enhance IL-2 anticancer biological response, has
been proven to be IL-12, that may increase IL-2 anticancer
potency through several mechanisms, including [12]: 1)
stimulation of TH1 differentiation, with a further enhanced
endogenous production of IL-2; 2) inhibition of IL-2-induced
generation of T reg cells and their TGF-beta production [19); 3)
activation of cytotoxic T lymphocytes; 4): anti-angiogenic
activity [12]. As far as the other possible anticancer
immunotherapeutic strategy, consisting of the block of
immune checkpoints, is concerned, in contrast to the clinical
behavior followed for the previous IL-2 cancerimmunotherapy,
the possible prognostic factors predictive of the efficacy of
therapy have been researched up to now only within the
characteristics of cancer cells and tumor microenvironment,
instead of in the immunobiological response of cancer
patients, and at present, even though the results are still
controversial, the main prognostic marker to predict the
efficacy of checkpoint inhibitors, such as the anti-PD-1 MABs,
would be represented by the high expression of PD-L1 by
tumor cells or tumor microenvironment [20], whereas the
treatment with anti-PD-1 inhibitors could be potentially
detrimental in the absence of PD-L1 expression. PD-L1 may be
expressed by both immune cells and tumor cells, while that of
PD-L2would be more specific for the only immune cells,

including lymphocytes and macrophages. PD-1 is mainly
expressed by both circulating and tumor-infiltrating T
lymphocytes, and PD-1 expression is a sign of their
immunosuppressive status. On the other hand, PD-L1 and PD-
L2 are namely expressed by macrophages, particularly by
those infiltrating tumor mass, and they reflect their
immunosuppressive activity by inhibiting T lymphocyte
functions. Since PD-1 expression may influence lymphocyte
and macrophage functions, it is probable that it may also
influence LMR values. Therefore, a block of PD-1 expression or
that of its ligands could improve LMR by stimulating T
lymphocyte proliferation and functions and by inhibiting the
immunosuppressive action of macrophages and T reg cells.
Unfortunately, no study has been performed up to now to
investigate the influence of checkpoint inhibitors on the
biological response of cancer patients, including lymphocyte
and monocyte number and functionless. Obviously, the
possibility to identify patient biological response-related
biomarkers predictive of the efficacy of the various anticancer
immunotherapies would mainly depend on the knowledge of
the physiopathology of the antitumor immunity in humans, as
achieved in the last years from both experimental and clinical
points of view.The present study was carried out to evaluate
the changes occurring in lymphocyte, monocyte and
eosinophil numbers under immunotherapy with the anti-
PD-1 MAB Nivolumab, a fully human IgG4 anti-PD- MAB, by
correlating the results with the clinical response and by
comparing the results obtained with Nivolumab to those
observed under IL-2 cancer immunotherapy.

Materials and Methods

The study included 30 metastatic non-small cell lung cancer
(NSCLC) patients, for whom no chemotherapeutic regimen
was available because of progression under previous
chemotherapies or poor clinical conditions, which were
unable to tolerate a chemotherapeutic approach. Nivolumab
was injected intravenously at a dose of 3 mg/kg b.w. at 15-
day intervals. The results were compared to those obtained
in a historical control group of 20 age- and tumor extension-
matched metastatic NSCLC patients treated by subcutaneous
(SC) low-dose IL-2, consisting of 6 MIU/day for 5 days/week in
the evening for 4 consecutive weeks, followed by a 21 day rest
period. Patients were evaluated before and after 3 months of
treatment. The clinical response was assessed according to
WHO criteria, by repeating the radiological examinations after
3 months of therapy. On the same way, the immunobiological

response of patients was investigated by measuring
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lymphocyte, monocyte, and eosinophil numbers and by
detecting LMR before, during and after 3 months of therapy
through blood collection at 15-day intervals. Lymphocyte
countand LMR values were considered to be within the normal
range (95% confidence limits) when they were greater than
1,500/mm3 and than 2.1, respectively. Data were reported as
mean +/- SE, and results were statistically evaluated by the chi-
square test, the Student’s t-test, the coefficient of correlation,
and the analysis of variance, as appropriate.

Results

The clinical results according to WHO criteria achieved in
Nivolumab and in IL-2 groups are reported in Table 1. As
shown, significant differences were seen neither in objective
tumor regression rate, consisting of a partial response (PR) nor
in the disease control (DC). Table 2 shows the clinical response
to Nivolumab therapy in relation to the pretreatment values
of lymphocyte count and LMR. Abnormally low values of
lymphocyte less than 1,500/mm3 and of LMR less than
2.1 were seen in 20/30 (67%) and in 21/30 (70%) patients,
respectively. No significant difference was seen in partial
response (PR) percentage between patients with normal or
low lymphocyte count prior to therapy. On the same way, no
significant difference in PR rate occurred between patients
with normal or low pretreatment values of LMR. On the
contrary, the percentage of disease control (DC) by taking
together patients with tumor regression or stable disease (SD)
was higher in patients with normal lymphocyte count and
with normal LMR values prior to therapy than in those with
abnormal pretreatment values, even though the difference did
not reach the statistical significance. Moreover, lymphocyte
increase greater than 30% and monocyte decline greater than
30% with respect to the pretreatment values occurred on

Nivolumab therapy in 8/30 (27%) patients and in 6/30 (20%)
patients, respectively, without any significant correlation
between lymphocyte increase and monocyte decline (r=-0.2).
The clinical response to Nivolumab in relation to lymphocyte,
monocyte, and eosinophil count variations on treatment
is reported in Table 3. Patients with lymphocyte increase
greater than 30% showed a significantly higher percentage
of both PR (P<0.01) and DC (P<0.05) than those, who had
no lymphocyte increase. On the same way, the percentages
of both PR and DC were significantly higher in patients who
showed a decline in monocyte count greater than 30% on
Nivolumab treatment than in those who had no decrease in
monocyte count, without, however, statistically significant
differences. Finally, Table 4 shows mean values of lymphocyte,
monocyte, eosinophil counts and LMR before and after
3-month therapy in patients treated by Nivolumab or IL-2. No
significant difference in lymphocyte, monocyte, eosinophil,
and LMR mean values were observed before and after therapy
in Nivolumab group. However, by considering the variation
on therapy in relation to the clinical response, lymphocyte
and eosinophil mean numbers increased, whereas monocyte
mean count decreased after therapy in the only patients who
achieved a PR or an SD, even though none of these differences
was statistically significant. On the contrary, LMR mean values
and eosinophil mean count significantly increased after
therapy in patients who obtained a PR (P<0.05). On the other
side, a significant increase in both lymphocyte and eosinophil
mean counts occurred in the overall patients treated by
IL-2 irrespectively of their clinical response (p< 0.05), and
the increase was more evident in patients who achieved a
PR (P<0.01). Lymphocyte, monocyte, and eosinophil mean
values found before and after therapy in patients treated with
Nivolumab or IL-2 are illustrated in Figure 1, Figure, Figure 3,
and Figure 4.

Table 1: Clinical response (WHO criteria) to Nivolumab and to SC low-dose IL-2 in metastatic non-small cell lung cancer (NSCLC) patients.

Clinical Response*
Patients
n CR PR CR+PR SD DC(CR+PR+SD) PD
NIVOLUMAB 30 0 6 6 (20%) 14 20 (67%) 10 (33%)
IL-2 20 0 4 4 (20%) 10 14 (70%) 6 (30%)

CR: Complete Response; PR: Partial Response; SD: Stable Disease; DC: Disease Control; PD: Progressive Disease.

Table 2: Clinical response (WHO criteria) in Nivolumab group in relation to the pretreatment values of LMR and lymphocyte count.

Clinical Response*

Parameter

PR

CR+PR SD DC(CR+PR+SD) PD

Lymphocyte Count
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less than 1,500/mm3 20 0 4 4 (20%) 8 12 (60%) 8 (40%)
more than 1,500/mm3 10 0 2 2(20%) 6 8 (80%) 2 (20%)
LMR
less than 2.1 21 0 4 4 (19%) 8 12 (57%) 9 (43%)
more than 2.1 9 0 2 2 (22%) 6 8 (89%) 1(11%)

CR: Complete Response; PR: Partial Response; SD: Stable Disease; DC: Disease Control; PD: Progressive Disease.

Table 3: Clinical response (WHO criteria) to Nivolumab in relation to lymphocyte, monocyte, eosinophil count and lymphocyte-to-mono-
cyte ratio (LMR) variations on treatment.

Clinical Response*

n CR | PR CR+PR SD DC(CR+PR+SD) PD
Lymphocyte Variations
increase greater than 30% 8 0 4 4 (50%)** 4 8 (100%) * 0 (0%)*
no increase 22 0 2 2 (9%) 10 12 (45%) 10 (45%)
Monocyte Variations
decrease greater than 30% 6 0 2 2 (33%) 3 5 (83%) 1(17%)
no decrease 24 0 4 4 (17%) 11 15 (62%) 9 (38%)
LMR Variations
increase greater than 30% 9 0 4 4 (44%)** 5 9 (100%)** 0 (0%)**
no increase 21 0 2 2 (9%) 9 11 (52%) 10 (48%)
Eosinophil Variations
increase greater than 100% 7 0 3 3 (43%)* 3 6 (86%)* 1 (14%)*
no increase 23 0 3 3 (13%) 14 (61%) 9 (39%)

*P< 0.05 vs no increase; **P< 0.01 vs no increase

Table 4: Mean values (+/- SE) of lymphocyte, monocyte, eosinophil counts and of LMR before and after 3 months of therapy with Nivolum-
ab or IL-2 in the overall patients and in relation to their clinical response.

Therapy N Lymphocytes Monocytes Eosinophils LMR
Before After Before After Before After Before After

NIVOLUMAB

All Patients 30X 1449 1474 851 834 141 197 1.8 1.9
+/-SE 98 104 63 58 17 24 0.1 0.2

PR X 1487 1810 813 658 153 292* 1.8 2.6*
+/-SE 223 219 105 22 29 35 0.1 0.2

SD X 1466 1676 803 711 143 201 1.9 2.1
+/-SE 109 115 88 93 28 37 0.3 0.2

PD X 1398 1103 902 1115 134 128 1.6 1.1
+/-SE 115 126 88 121 26 34 0.2 0.3

IL-2 THERAPY

All Patients 20X 1531 2078 8s | 756 | 12 | wer | 17 | 19
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+/- SE 95 128 66 82 26 31 0.2 0.2
PR X 1675 2615** 786 697 163 338** 1.8 2.5%
+/- SE 134 208 91 104 35 54 0.1 0.2
SD X 1558 2121 801 738 158 356** 1.7 1.9
+/- SE 108 245 88 95 33 51 0.2 0.1
PD X 1409 1514 867 908 144 166 1.6 1.3
+/-SE 117 165 76 101 31 54 0.2 0.2
*P < 0.05 vs before; **P < 0.01 vs before
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Figure 1: Lymphocytes mean number before and after Nivolum-
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Figure 3: Lymphocytes to monocytes ratio (LMR) mean number
before and after Nivolumab or IL2

Discussion

In addition to the potential importance of tumor and tumor
microenvironment expression of biomarkers, such as PD-L1
[20], this preliminary study would suggest that the efficacy
of cancer immunotherapies with immune checkpoint
inhibitors, namely the anti-PD-1 MABs, or with antitumor
cytokines, such as IL-2, may be predicted also on basis of
patient immunobiological response by monitoring the
changes in the main immune cells involved in regulating the
antitumor immunity, which is stimulated by lymphocytes and
suppressed by the macrophage system through a possible
direct stimulatory effect on cancer cell proliferation and a

promoting action of T reg lymphocyte generation [1-5], as

Figure 2: Monocytes mean number before and after Nivolumab
orlL2
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Figure 4: Eosinophils mean count before and after Nivolumab or

IL2

reflected by the simple LMR values [8]. According to the results
of this preliminary study the possible biomarkers predictive of
the efficacy of the various anticancer immunotherapies are
the same for both IL-2 immunotherapy and immunotherapy
with an anti-PD-1 MAB, such as Nivolumab, and that they
would mainly consist of an increase in lymphocyte and
eosinophil numbers and a decrease in monocyte count, with
the following increase in LMR values. The main difference in
the immunobiological effects induced by IL-2 and Nivolumab
is consisting of the more evident increase in lymphocyte
and eosinophil count in most patients under IL-2 therapy,
whereas it substantially occurs in the only patients with tumor
regression or at least a disease stabilization during Nivolumab
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immunotherapy. Moreover, this study would suggest that
the evidence of a normal lymphocyte count prior to therapy,
and more specifically that of a normal pretreatment value of
LMR, would predict the efficacy of the immunotherapy, at
least in terms of disease stabilization. Therefore, the results
of this study seem to suggest that cancer immunotherapy,
irrespectively of the type of strategy, had to profoundly modify
the endogenous immune status to be effective in blocking
tumor growth, by stimulating the proliferation and activation
of antitumor lymphocytes and by concomitantly suppressing
the activity of the macrophage system and the consequent
chronic inflammatory response-related T reg cell generation
[5,7]. By separately considering the immunotherapies of
cancer with II-2 or with PD-1 inhibitors, it has to be remarked
that the single strategy would mainly act on only one of the
two main fundamental variables responsible for the efficacy
of the antitumor immunity, consisting of the activation of
lymphocyte functions and the suppression of macrophage
activity. In more detail, IL-2 immunotherapy would mainly
act by inducing proliferation and activation of T lymphocyte
system, whereas the anti-PD-1 strategies would be more
effective in blocking macrophage-related suppression of the
antitumor immunity, while their impact on lymphocyte count
and functionless is less relevant. Therefore, the association
IL-2
count and activation and cancer immunotherapy with anti-

between immunotherapy to enhance lymphocyte
PD-1 molecules to inhibit the macrophage system and PD-1
expression by T reg lymphocytes could allow most effective
therapeutic results with respect to the single agents, as
confirmed by preliminary experimental results [21]. IL-
2-induced generation of T reg lymphocytes may be also
counteracted by IL-12 [19]. On the same way, PD-1 expression,
as well as that of other immune checkpoints, could be also
under a neuroimmune regulation, and in particular it has been
shown that the evolution of monocytes into macrophages
provided by immunosuppressive activity is associated with
a lack of expression of monocyte receptor for the pineal
hormone melatonin, whose antitumor immunostimulatory
activity has been well demonstrated [22]. In conclusion,
this study would suggest that the efficacy of both cancer
immunotherapies with IL-2 or with PD-1 inhibitors may depend
and be predicted not only on the basis of tumor cell and
tumor microenvironment-related biological characteristics
but also on the basis of the endogenous immune status of
patients and its variations on treatment, and in particular
it would depend on the balance between lymphocyte and
macrophage systems, as synthetized by LMR. Therefore, from a
clinical point of view, it seems to be sufficient to monitor LMR

values prior to therapy and on treatment, and in particular,
the evidence of a normal pretreatment value of LMR or a
progressive normalization on therapy is associated with a
high probability to obtain at least a disease stabilization. The
advantage to predict the efficacy of cancer immunotherapies
on the basis of patient biological immuno-inflammatory
response itself instead of the only tumor-related biomarkers
is consisting of the possibility to pilot the biological response
in an antitumor way in the presence of a low lymphocyte
response and/or an exaggerated macrophage response by
associating other potential immunomodulating agents, such
as IL-2 itself in patients with lymphocytopenia under anti-
PD-1 therapies, as well as the same PD-1-inhibitors in patients
presenting an excessive T reg- and macrophage-mediated
immunosuppressive reaction under therapy with IL-2. In
particular, the apparent lower efficacy of PD-1 inhibitors in
the presence of lymphocytopenia prior to therapy could be
corrected by a previous short-time injection of SC low-dose
IL-2, as observed in experimental conditions [21].Cancer
chemotherapy itself may act not only through a cytotoxic
mechanism, but also by modulating the antitumor immunity
and the cytokine network, and in particular it has been shown
that low-dose adriamycin may stimulate IL-2 production,
cyclophosphamide may counteract T suppressor lymphocyte
generation, gemcitabine may stimulate IL-12 production by
modulating macrophage differentiation, and cisplatin may
decrease IL-6 levels [23]. Therefore, irrespectively of the type of
treatment, the efficacy of each anticancer therapy, including
immunotherapy and chemotherapy itself, would be associated
with an improvement in antitumor immune function, with
an increase in lymphocyte activity and a decrease in the
monocyte-macrophage one, as reflected by the LMR [8].
Therefore, LMR could constitute a simple biomarker reflecting
the immune status of patients and provided by a prognostic
significance either in basal conditions or during the different
anticancer therapies. In any case, further studies by monitoring
cytokines levels and lymphocyte subsets will be required to
better define the immunobiological mechanisms involved in
determining the efficacy of the various anticancer therapies
and in particular the antitumor immunotherapies.
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