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Abstract
It is known that the prognosis of the neoplastic diseases does not depend only 
on tumor characteristics, including lesion extension, histology and genetic profile, 
but also on the biological response of patients, which depends on both immune 
and endocrine variables, since the immune system is physiologically under a 
psychoneuroendocrine regulation. Therefore, a synthetic clinical evaluation of the 
endocrine and immune functions either prior to the various anticancer therapies 
or under treatment is essential for realizing an adequate investigation of the 
mechanisms involved in the clinical course of the neoplastic disease. In more detail, 
the prognosis of several tumors, irrespectively of their histology and extension, has 
appeared to be worse in the presence of alterations of cortisol rhythm, a reduced 
pineal secretion of melatonin during the night, lymphocytopenia, low T-H1 cell 
count, high T regulatory lymphocyte number, and abnormally high PRL levels for 
the only metastatic breast and prostate tumors. The pharmacological correction 
of the main endocrine, neuroendocrine and immune alterations occurring during 
the clinical course of the neoplastic disease could improve the prognosis and the 
efficacy of the various anticancer therapies. Moreover, the immune system in vivo 
is under a physiological psychoneuroendocrine regulation, mainly mediated by the 
brain opioid system and the pineal gland. In more detail, the anticancer immunity 
is stimulated by the pineal hormone melatonin (MLT) and inhibited by the opioid 
system, namely through a mu-opioid receptor. Several alterations involving 
the pineal endocrine function and the opioid system have been described in 
cancer patients, which could play a role in tumor progression itself. Therefore, 
the pharmacological correction of cancer progression-related anomalies could 
contribute to control cancer diffusion, namely the pineal endocrine deficiency 
and the hyper-activity of brain opioid system. In fact, the administration of 
pharmacological doses of the only MLT has already been proven to prolong the 
1-year survival in untreatable metastatic cancer patients. Better results may 
be achieved by associating other pineal indoles to MLT, mu-opioid antagonists, 
cannabinoids, β-carbolines. Moreover, these neuroendocrine combinations may 
be successfully associated with antitumor cytokines, such as IL-2 and IL-12 as a 
psychoneuroendocrinoimmune cancer therapy, as well as with antitumor plants 
as psychoneuroendocrinophytotherapy of cancer, in an attempt to propose 
possible anticancer treatments also to patients with disseminated cancer and 
untreatable according to the standard Oncology.  The main novelty is to refer the 
personalization of cancer cure not only in relation to the biogenetic characteristics 
of the tumor of the single patients, but also to the biological characteristics of 
each cancer patient, namely the immune status in terms of antitumor immunity.
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Introduction
The concept of a personalization in the treatment of human 
tumors is extremely ambiguous from the point of view of the 
clinical management of a disease, which remains still untreatable 
in its disseminated metastatic phase, despite the great advances 
in its technological approaches. In fact, the idea of cancer care 
personalization is generally interpreted in only two significances, 
which are both ambiguous, since they do not really reflect the 
biological status of cancer patients, being consisting of the former 
in a simple generic human behaviour in the relation between 
clinicians and patients, and the latter in the identification of 
the best therapy on the basis of the only tumor biological 
characteristics, including histology, grade, hormone or growth 
factor receptor expression, and cancer cell genetic mutations. 
The human behaviour of clinical Oncologists is fundamental in an 
attempt to establish together with the patients the therapeutic 
program, its rationale and aim, and the type of chemotherapy 
or other conventional endocrine or immunological treatments, 
and the duration of cancer treatments, but it is not sufficient 
if it is limited to a generic emotional relationship. On the same 
way, the personalization of cancer therapy on the basis of the 
only tumor bio-genetic features cannot be considered as a real 
personalised clinical management of cancer patients, since 
this kind of personalization would exclude not only the psycho 
spiritual status of patients, but also their endocrine and immune 
status, which would determine the efficacy or the failure of the 
natural immune biological resistance against cancer development 
and progression. Then, a real and true personalization of cancer 
therapy, which may be founded on the basis of scientific evidences 
and not only on emotional aspects, would have to take into 
consideration the functional status of the antitumor immunity in 
each single oncology patient, which has been proven to depend 
not only on the activity of the immune system, but also on its 
physiological psychoneuroendocrine regulation [1], that reflects 
the psychological and spiritual life of patients themselves in 
addition to other variables, such as dietary regimen and the style 
of life. The importance of the evaluation of the immune status of 
patients is generally taken into consideration by the Oncologists 
only during the immunotherapeutic approaches in cancer therapy, 
whereas in contrast it would have to be considered in every 
possible kind of cancer cure, since the efficacy of chemotherapy 
itself has appeared to depend also at least in part on the immune 
response of patients. In fact, recent clinical investigations 
have shown that the immunosuppressive activity of cancer 
chemotherapy is limited to the only anti-microbial immunity, 
including the anti-bacterial and the anti-viral immune reactions, 
whereas it could also improve the functionless of the antitimor 
immunity through a modulation of the cytokine network [2], 
which is influenced by the different chemotherapeutic agents [3], 
even though only few data are available about the relationships 
between chemotherapy and endogenous secretion of cytokines, 
which influence the grade of efficacy of the antitumor immune 
response. On the contrary, the condition of cancer patients is 
generally taken into consideration only in terms of performance 
status [PS], which has been proven to constitute one of the main 
prognostic factors in human neoplasms [4]. However, it has to 

be remarked that PS may influence the clinical history of the 
neoplastic and the prognosis of cancer because of its effects on 
the immune functionless, and in particular it has been proven 
that a poor PS is associated with a suppression of the anticancer 
immunity [5]. Obviously, the personalization of cancer cure on 
the basis of the endocrine and immune status of cancer patients 
is not alternative to the standard, then it does not exclude the 
importance of the analysis of tumor histological and genetic 
features, but on the contrary it is a complementary approach, 
since the biological characteristics of tumor are the results of 
a complex interactions between cancer cell differentiation and 
proliferation, and the efficacy of the immune antitumor reactivity, 
by considering the bio-immune-psycho spiritual status of patients 
as the main and the most synthetic prognostic factor in the 
neoplastic diseases. Then, the bio-immune-psycho endocrine 
status of cancer patients would have to be considered as the 
main and the most synthetic prognostic factor in the neoplastic 
diseases, and patients themselves are the main prognostic 
variable for their cancer [6,7].

Tumor-dependent prognostic variables
It is commonly accepted that the main tumor variables influencing 
the therapeutic decisions for all kinds of cancers are represented 
by the histology, the grade of malignancy and the extension of 
disease. In contrast, other variables are different and specific in 
relation to the single histotype of tumor, and they regard tumor 
expression of receptors for hormones or for tumor growth 
factors, such as epidermal growth factor (EGF), and the functional 
status of cell proliferation related genes [8,9]. The determination 
of these variables is fundamental to establish the optimal therapy 
and the type of clinical management of the neoplastic disease, but 
they are generally limited to the investigation of the only tumor 
biology, which is apparently independent from the biological 
response of cancer patients. Tumor variables may influence both 
the prognosis and the best therapeutic decision. At present, 
the main tumor variables clinically taken into consideration are 
represented by Estrogen Receptor (ER) expression for breast 
cancer, androgen receptor expression for prostate carcinoma, 
HER-2 over expression for breast cancer, and at least in part for 
gastric cancer, the lack of mutation, the so-called wild type status, 
of EGF-receptor (EGF-R), K-Ras and N Ras for colorectal cancer, 
ALK positivity and EGF-R mutations for lung adenocarcinoma, 
and BRAF mutation for melanoma [10-14]. ER expression predicts 
the efficacy of anti-estrogen and aromatase inhibitor therapy 
in breast cancer, while that of HER-2 would predict the clinical 
activity of anti-HER-2 Monoclonal Antibodies [MABs] in breast 
cancer and all test in part in gastric cancer. The lack of EGF-R, 
K-Ras and N-Ras mutations is associated with a greater efficacy of 
anti-EGF-R MABs in colorectal cancer. In contrast, the evidence of 
EGF-R or BRAF mutations would predict the efficacy of anti-EGF-R 
drugs in lung adenocarcinoma and that of anti-BRAF agents 
in malignant melanoma. On the other hand, the response to 
cancer immunotherapies with MABs against checkpoint immune 
molecules, namely CTLA-4 and PD-1 or its ligands 1 and 2, may be 
predicted on the basis of CTLA-4 and PD-1 expression, respectively, 
in tumor microenvironment. [10-12]. However, despite it was 
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hypothesized the necessity of PD-1 or CTLA-4 expression to 
achieve a clinical response to immunotherapies with anti-PD-1 
and anti-CTLA-4 MABs, respectively, successive studies have 
shown that a disease control may be obtained also in patients 
with low or absent expression of these molecules, by suggesting 
the possible involvement of other immune mechanisms capable 
of influencing the immuno-biological reactivity of cancer patients 
[13], in particular the profile of tumor T lymphocyte infiltration, 
with different prognostic profiles depending of the type of T 
lymphocyte subsets, with a more favourable prognosis in the 
presence of T H1 [CD4+] lymphocyte infiltration and with a worse 
prognosis when the most frequent tumor infiltrating T cells are 
represented by PD-1 or CTLA-4 expressing T regulatory [T reg] 
lymphocytes [CD4+CD25+], which may suppress the antitumor 
immunity by blocking the endogenous production of both IL-2 
and IL-12, which are the main antitumor cytokines in humans 
[14]. On the contrary, no biological parameter would see to 
predict the efficacy of anti-angiogenic anti-vascular endothelial 
growth factor [VEGF] agents, including anti-VEGF MABs and small 
anti angiogenic molecules.

Prognostic variables related to immune and 
endocrine response of cancer patients
A real personalization of cancer therapy which may be considered 
as really founded on scientific physio-pathological bases and not 
only on simple emotional behaviours and on generic psychological 
aspects, would have primarily to take into consideration the 
endocrine, psychoneuroendocrine and immune status of 
cancer patients existing prior to the start of therapy, as well as 
their immuno-endocrine biological response during the various 
antitumor therapies. This statement is justified by the evidence 
that cancer progression is associated with the appearance of 
several endocrine and immune alterations, some of them have 
been proven to deserve a prognostic significance [15]. Then, an 
eventual pharmacological correction of these anomalies could 
improve the clinical control of tumor growth itself, by confirming 
that the neoplastic disease is a systemic pathology just already 
at the beginning of its development. From a clinical point of 
view, we have to consider both endocrine and immune cancer 
progression-related alterations:

I) Prognostic cancer-related endocrine alterations: The main 
tumor progression associated endocrine and neuroendocrine 
anomalies potentially provided by a negative prognostic 
significance in terms of both survival time and response to 
therapy, may be summarized, as follows:

Lack of cortisol rhythm or presence of hyper-cortisolemia: 
The evidence of an altered cortisol rhythm, which is a sign of a 
desynchronization condition probably due to the stimulatory 
action of pro-inflammatory cytokines on the hypothalamic 
pituitary-adrenal axis and which may occur in several tumor 
histotypes, including lung, breast and ovarian carcinomas, has 
appeared to predict a poor prognosis [16,17]. Moreover, the 
efficacy of chemotherapy has been shown to be associated 
with a normalization of cortisol rhythm in lung cancer patients 
[18].

Progressive decline in the nocturnal production of melatonin 
[mlt]: The most investigated anticancer hormone produced 
by the pineal gland [19], with a following disappearance of its 
physiological light/dark circadian rhythm [20]. MLT deficiency 
would constitute the main cancer-related endocrine deficiency, 
which could be involved at least in part in promoting tumor 
progression, because of its anticancer activity, since the 
pineal gland plays a fundamental role in the natural resistance 
against cancer development and dissemination by exerting 
both antiproliferative and immunomodulating actions [21]. In 
addition, because of its functional role as a central regulator 
of the cytokine network and immune endocrine interactions 
[22,23], pineal endocrine deficiency could contribute to explain 
the great number of cancer-related neuroendocrine and immune 
alterations, involving both cytokine secretions and immune cell 
subsets.

Hyper-prolactinemia: The evidence of abnormally high PRL 
levels has appeared to be associated with poor prognosis and 
reduced efficacy of the antitumor therapies in metastatic breast 
and prostate carcinomas [24,25], being PRL a growth factor 
for mammary and prostate tumors [26,27]. Similar negative 
prognostic considerations could probably regard the evidence of 
enhanced blood levels of alpha-MSH in patients with malignant 
melanoma, being alpha-MSH a growth factor for melanoma cells, 
which in contrast are inhibited by the pineal hormone MLT [23]. 
The importance of better investigating cancer-related endocrine 
systemic alterations provided by a negative prognostic significance 
is further justified by the possibility of their corrections through 
a simple hormonal manipulation with long acting dopaminergic 
agents, such as bromocriptine and cabergoline, for the treatment 
of hyper-prolactinemia [28], with aminoglutethimide for blocking 
the enhanced cortisol production, and finally with MLT endocrine 
replacement therapy to correct the pineal endocrine deficiency 
[29,30].

ii) Prognostic cancer-related immune alterations: Within the 
great number of cancer-related immune anomalies, some 
alterations have been proven to deserve a prognostic significance 
by conditioning tumor progression, particularly as follows:

Lymphocytopenia: It is known since more than 40 years 
that lymphocytopenia represents one of the most important 
and universally generalized negative prognostic factors in 
cancer patients for most solid tumor histotypes [6]. Then, 
lymphocytopenia, either before the various antitumor therapies, 
or in response to therapies themselves, would represent the 
main and the simplest negative immune prognostic factor related 
to the biological response of cancer patients. Not only, but in 
addition the evidence of lymphocytopenia prior to the different 
anticancer treatments, including immunotherapy with cytokines 
such as IL-2 [31] or with anti-immune checkpoint MABs [32] and 
chemotherapy itself [33], has been proven to predict a lack of 
response to the different anticancer therapies. The prognosis is 
particularly poor when tumor cells may express FAS-L [34], since 
their contact with FAS-expressing T lymphocytes may induce the 
apoptotic death of T lymphocytes themselves instead of that of 
cancer cells.
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Decreased number of T helper-1 [TH1] [CD4+] lymphocytes: The 
progressive decline in T-H1 cell count [35], with a consequent 
concomitant decline in the endogenous production of IL-2, which 
represents the main growth factor for T lymphocytes [36], would 
constitute the most prognostically negative immune alteration 
involving T lymphocyte subsets occurring during the history of 
cancer.

Increase in T reg cell number: The evidence of a progressive 
enhancement of T reg cell count has appeared to be associated 
with poor prognosis, by reflecting the existence of an 
immunosuppressive status of the anticancer immunity [37].

Increase in the absolute number of lymphocytes: Irrespectively 
of the type of anticancer therapy, including immunotherapy with 
IL-2 [38] and chemotherapy itself [39], the evidence of an acute 
lymphocytosis or at least of a progressive increase in lymphocyte 
count in response to the various anticancer treatments, would 
represent at moment the most simple clinically important 
favourable prognostic factor in terms of both survival and response 
to therapy. Then, in the presence of a similar radiological response 
in terms of tumor regression or disease stabilization, lymphocyte 
behaviour could predict the different durations of the response, 
which would be probably longer in patients, whose radiological 
objective tumor regression is associated with a lymphocyte 
increase or at least with a lack of lymphocyte decrease [31-33]. 
Similar considerations may be suggested for VEGF behaviour, 
since a radiological evidence of disease control associated with 
a normalization of previously abnormally high VEGF levels has 
appeared to predict a longer duration of response with respect 
to that obtains in patients with similar radiological response, but 
with persistently high VEGF blood concentrations [40].

High blood levels of VEGF: The evidence of high pre-treatment 
levels of VEGF tends to negatively affect the efficacy of 
chemotherapy [40], which may exert biological events other 
than the cytotoxic activity, including anti-angiogenic and 
immunomodulating effects.

With the progressive development of new immunotherapeutic 
strategies in cancer therapy, namely those with MABs against 
immune checkpoints, the evaluation of the immunobiological 
response of patients turns to became clinically important, 
but it is generally limited to the only evaluation of the type of 
immune cells infiltrating the tumor mass [32]. On the contrary, 
an adequate evaluation of patient immune response would have 
to consider both tumor immune cell infiltration and changes in 
the number of lymphocytes and their subsets. Unfortunately, 
few data only are available about the relation between tumor 
cells and lymphocyte at the histological levels and the profile of 
lymphocytes in the circulating blood.

Conclusions and future perspectives
By considering not only the biological characteristics of the 
neoplastic lesions, including histology, grade of malignancy, 
genetic pattern and dimensions, but also the neuroendocrine 
and immune response of cancer patients, it has appeared that, 
irrespectively of the type of cancer treatments, each kind of 
antitumor strategy has to induce and to be associated with an 

increase in the absolute number of circulating lymphocytes, 
namely of T-H1 cells, to be really effective across the time and 
not only for a brief period of time. By synthetizing, a clinically 
real personalization of cancer therapy would require the 
determination of the blood levels of some endocrine and immune 
parameters reflecting the endocrine and immune conditions 
of patients, either prior to therapy, or under treatment, in 
an attempt to decide the optimal strategy of cancer cure for 
the single oncologic patient. Then, a real personalization of 
cancer cure cannot be simply limited to the only radiological 
and histological examinations, but it has to consider also the 
investigation of the endocrine and immune status of patients, 
and their variation on treatment. From a clinical point of view, 
to realize a true personalization of cancer therapy, either at the 
moment of the therapeutic decision or to monitor the efficacy 
of treatments, the following laboratory analyses would have at 
least to be routinarily included in the clinical management of the 
neoplastic disease:

1] Evaluation of cortisol circadian rhythm: By collecting blood 
samples at 8.00 A.M. and at 4.00 P.M. The lack of cortisol 
rhythm would be the expression of a desynchronization status 
with respect to the normal awake-sleep circadian rhythm, and it 
predicts a poor prognosis.

2] Investigation of the pineal endocrine function: A functional 
analysis of the pineal gland, which represent the most important 
anti-cancer organ in the human body [23], has to consist of at least 
the determination of MLT blood levels and its light/dark circadian 
rhythm by collecting blood samples in relation to the main 
phases of the photoperiod, or in an easier way by determining 
the daily and night urinary excretion of its main metabolite, the 
6-Sulphatoxymelatonin [6-MTS] [41]. The progressive cancer-
related MLT deficiency, namely during the night with a following 
disappearance of its light/dark rhythm, is the expression of a 
damage involving the neurochemical processes of the Neuro-
immunomodulation, and it is associated with a poor prognosis 
[23]. On the contrary, a pharmacological correction of MLT 
deficiency through an exogenous administration would improve 
the efficacy of anticancer therapies, including chemotherapy 
itself [29,42]. 

3] Measurement of PRL blood levels in metastatic breast and 
prostate carcinomas: The occurrence of high PRL serum levels 
has appeared to be associated with lack of efficacy of the various 
anticancer treatments, including chemotherapy and endocrine 
therapy, and it may be corrected by the administration of 
dopaminergic agents [25-27]. In contrast, breast surgery- induced 
PRL increase has been proven to predict a better prognosis in 
terms of both lower frequency of recurrence and survival time 
[43], despite the potential tumor growth factor activity of PRL 
[44], and this evidence could be explained by considering that 
in formal conditions each breast manipulation, such as breast 
surgery, has to stimulate PRL secretion. Then, the lack of PRL 
increase in response to the breast surgery would reflect the 
existence of an evident alteration in the neuroendocrine control 
of PRL release.

4] Synthetic evaluation of the antitumor immunity: The functional 
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status of the antitumor immunity on each single patient may be 
established on the basis of the simple determination of at least 
the absolute number of circulating lymphocytes and T-H1/T reg 
lymphocyte ratio [39], which represents the end result of a great 
number of cytokine interactions, namely those of IL-2, IL-12, TGF-β, 
TNF alpha, IL-l0 and IL-6. The evidence of a progressive decline in T-H1 
cell number associated with a concomitant and progressive increase 
in T reg cell count, with a following decrease in the value of T-H1/T 
reg ratio has been proven to predict a poor prognosis in metastatic 
cancer [39], being the expression of an immunosuppressive status, as 
the end results of a decrease in IL-2 and IL-12 levels and an increase 
in those of TGF-β, IL-6 and IL-l0. Then, the measurement of the 
different cytokines involved in modulating the anticancer immunity 
may be synthetized by the only determination of T-H1/T reg ratio. The 
clinical investigation of the immune condition of the single oncologic 
patient may allow improving the efficacy of cancer immunotherapies 
themselves. Then, in the presence of lymphocytopenia, which has 
appeared to reduce the efficacy of every anticancer treatment 
[39], including chemotherapy and immunotherapy with MABs, a 
short time therapy with Sub-Cutaneous [SC] low-dose IL-2, which is 
the main growth factor for T lymphocytes [36], could enhance the 
efficacy of anticancer therapies. In fact, a brief period of SC low-dose 
IL-2 therapy has appeared to enhance the efficacy of chemotherapy 

in advanced cancer patients with pre-treatment lymphocytopenia 
[44].

Finally, a perfectly complete personalization of cancer cure, 
which takes into consideration not only the biology, but also the 
psychological profile of cancer patients at both conscious and 
unconscious levels, would require a concomitant psychological 
evaluation through projective psychological tests, such as 
Rorschach test, since they cannot be manipulated by the 
rationality of patients [45].

The importance of the evaluation of the immune status of cancer 
patients in addition to the biological characteristics of tumor has 
been recently confirmed by several clinical studies, which have 
demonstrated that the simple evaluation of Lymphocyte-to-
Monocyte Ratio [LMR], which reflects the interactions occurring 
between tumor and host immune system, may predict the 
prognosis of the neoplastic disease in terms of both response 
to therapy and survival time, since the evidence of abnormally 
low LMR value is associated with a poor prognosis, irrespectively 
of tumor histotype. Then, LMR could constitute a new simple 
inexpensive biomarker to monitor the clinical course of the 
neoplastic disease not only in relation to tumor characteristics, 
but also to the biological status of patients [46].

References
1	 Foon KA (1989) Biological response modifiers: the new 

immunotherapy. Cancer Res 49: 1621-1627.

2	 Antony MT (2003) Psychoneuroendocrinology and 
psychoneuroimmunology of cancer: Plausible mechanisms worth 
pursuing? Brain Behav Immunol 1: S84-91.

3	 Atzpodien J, Kirchner H (1990) Cancer, cytokines and cytotoxic cells: 
interleukin-2 in the immunotherapy of human neoplasms. Klin 
Wochenschr 68: 1-11.

4	 Rosenberg SA (1992) The immunotherapy and gene therapy of 
cancer. J Clin Oncol 10: 180-199.

5	 Lissoni P, Fumagalli L, Paolorossi F, Mandalà M (1999) Changes in 
lymphocyte number during cancer chemotherapy and their relation 
to clinical response. Int J Biol Markers 14: 115-117.

6	 Riesco A (1970) Five-year cancer cure: relation to total amount of 
peripheral lymphocytes and neutrophils. Cancer 25: 135-140.

7	 Rubinow R (1990) Brain, behaviour and immunity: an interactive 
system. J Nati Cancer Inst Monogr 10: 79-82.

8	 Uribe P, Wistuba II, Gonzalea S (2003) BRAF mutation: a frequent 
event in benign, atypical and malignant melanocytic lesions of the 
skin. Am J Dermatopathol 25: 365- 370.

9	 Flaherty KT (2012) Targeting metastatic melanoma. Annu Rev Med 
26: 171-183.

10	 Leung TW, Cheung AN, Cheng DK, Wong LC, Ngan HY (2001) 
Expression of c-erb B-2, epidermal growth factor receptor and pan-
ras proto-oncogenes in adenocarcinoma of the cervix: correlation 
with clinical prognosis. Oncol Rep 8: 1159-1164.

11	 Kosaka T, Yatabe Y, Endoh H, Kuwano H, Takahashi T, et al. (2004) 
Mutations of the epidermal growth factor receptor gene in lung 
cancer: Biological and clinical implications. Cancer Res 64: 8919-
8923.

12	 Ribas A, Chmielowski B, Glaspy J (2009) Do we need a different set or 
response assessment criteria for tumor immunotherapy? Clin Cancer 
Res 15: 7116-7118.

13	 Batus M, Waheed S, Ruby C, Petersen L, Bines SD, et al. (2013) 
Optimal management of metastatic melanoma: current strategies 
and future directions. Am J Clin Dermatol 14: 179-194.

14	 Pruneri G, Vingiani A, Bagnardi V, Rotmensz N, De Rose A, et al. 
(2016) Clinical validity of tumor- infiltrating lymphocytes analysis in 
patients with triple-negative breast cancer. Ann Oncol 27: 249-256.

15	 Leach DR, Krummel M, Allison J (1996) Enhancement of antitumor 
immunity by CTLA-4 blockade. Science 271: 1734-1736.

16	 Salama AK, Hodi FS (2011) Cytotoxic T-lymphocyte-associated 
antigen-4. Clin Cancer Res 17: 4622-4628.

17	 Johnson DB, Peng C, Sosman JA (2015) Nivolumab in melanoma: 
latest evidence and clinical potential. Ther Adv Med Oncol 7: 97-106.

18	 Thomton A, Shevach EM (2000) Suppressor effector function of 
CD4+CD25+ immunoregulatory T cells is antigen non-specific. J 
Immunol 164: 183-190.

19	 Mormont MC, Levi DF (1997) Circadian system alterations during 
cancer processes: a review. Int J Cancer 70: 241-247.

20	 Touitou Y, Bogadan A, Levi F, Benavides M, Auzeby A (1996) 
Disruption of the circadian patterns of serum cortisol in breast and 
ovarian cancer patients: relationships with tumour marker antigens. 
Br J cancer 74: 1248-1252.



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2018
Vol.1 No.2:9

Journal of Medical Oncology

6 This article is available in: http://www.imedpub.com/journal-medical-oncology/

21	  Lissoni P, Brivio F, Fumagalli L, Messina G, Secreto G, et al. (2007) 
Immune and endocrine mechanisms of advanced cancer-related 
hypercortisolemia. In Vivo 21: 647-650.

22	 Lissoni P, Messina G, Balestra A, Colciago M, Brivio F, et al. (2008)  
Efficacy of cancer chemotherapy in relation to synchronization 
of cortisol rhythm, immune status and psychospiritual profile in 
metastatic non-small cell lung cancer. In Vivo 22: 257-262.

23	 Brzezinski A (1997) Melatonin in humans. N EngI J Med 336: 186-195.

24	 Bartsch C, Bartsch H, Lippert TH (1992) The pineal gland and cancer: 
facts, hypotheses and perspectives. Cancer J 5: 194-199.

25	 Holtkamp W, Nagel GA, Wander HE, Rauschecker HF, von Heyden D 
(1984) Hyperprolactinemia is an indicator of progressive disease and 
poor prognosis in advanced breast cancer. Int J Cancer 34: 323-328.

26	 Bhatavdekar JM, Shah NG, Baiar DB, Patei DD, Bhaduri A, et al. (1990) 
Plasma prolactin as an indicator of disease progression in advanced 
breast cancer. Cancer 65: 2028-2032.

27	 Weisch C, Nagasawa H (1997) Prolactin and murine tumorigenesis: a 
review. Cancer Res 17: 951-963.

28	 Lissoni P, Bucovec R, Malugani F, Ardizzoia A, Villa S, et al. (2002) 
A clinical study of taxotere versus taxotere plus antiprolactinemic 
agent bromocriptine in metastatic breast cancer pretreated with 
anthracyclines. Anticancer Res 22: 1131-1134.

29	 Lissoni P (2002) Is there a role for melatonin in supportive care? 
Support Care Cancer 10: 110-116.

30	 Mills E, Wu P, Seely D, Guyatt G (2005) Melatonin in the treatment 
of cancer: a systematic review of randomized controlled trials and 
meta-analysis. J Pineal Res 39: 360-366.

31	 Fumagalli L, Lissoni P, Di Felice G, Meregalli S, Valsuani G, et al. 
(1999) Pretreatment serum markers and lymphocyte response to 
Interleukin-2 therapy. Br J Cancer 80: 407-411.

32	 Carbone DP, Gandara DR, Antonia SJ, Zielinski C, Paz-Ares L (2015) 
Non-small cell lung cancer. Role of the immune system and potential 
for immunotherapy. J Thorac Oncol 10: 974-984. 

33	 Lissoni P, Brivio F, Fumagalli L, Messina G, Meregalii S, et al. 
(2009) Effects of the conventional antitumor therapies surgery, 
chemotherapy, radiotherapy and immunotherapy on regulatory T 
lymphocytes in cancer patients. Anticancer Res 29: 1847-1852.

34	 Kim R, Emi M, Tanabe K, Uchida Y, Toge T (2004) The role of FAS-
ligand and transforming growth factor-beta in tumor progression-
molecular mechanisms of immune privilege via FAS-mediated 
apoptosis and potential target for cancer therapy. Cancer 100: 2281-
2291.

35	 Lissoni P, Barni S, Rovelli F, Tancini G (1991) Lower survival in 
metastatic cancer patients with reduced interleukin-2 blood 
concentrations. Oncology 48: 125-127.

36	 Grimm EA, Mazumder A, Zhang HZ, Rosenberg SA (1982) Lymphokine 
activated killer cell phenomenon. J Exp Med 155: 1823-1841.

37	 Zou W (2006) Regulatory T cells, tumor immunity and immunotherapy. 
Nat Rev Immunol 6: 295-307.

38	 Lissoni P, Ardizzoia A, Barni S, Brivio F, Tisi E, et al. (1995) Efficacy and 
tolerability of cancer neuroimmunotherapy with subcutaneous low-
dose interleukin-2 and the pineal hormone melatonin: a progress 
report of 200 patients with advanced solid neoplasms. Oncology Rep 
2: 1063-1068.

39	 Brivio F, Fumagalli L, Parolini D, Messina G, Rovelli F, et al. (2008) 
T-helper 1 T-regulator lymphocyte ratio as a new immunobiological 
index to quantify the anticancer immune status of cancer patients. 
In Vivo 22: 647-650.

40	 Lissoni P, Rovelli F, Malugani F, Brivio F, Fumagalli L, et al. (2003) 
Changes in circulating VEGF levels in relation to clinical response 
during chemotherapy for metastatic cancer. Int J Biol Markers 18: 
152-155.

41	 Vijayalaxmi, Selva M, Reiter RJ, Meltz ML, Prihoda TJ, et al. (2000) 
Influence of radiotherapy on 6-sulphatoxymelatonin levels in the 
urine of  brain cancer patients. Neuroendocrinol Lett 21: 203-207.

42	 Maestroni JG (1993) The immunoneuroendocrine role of melatonin. 
J Pineal Res 14: 1-10.

43	 Mandalà M, Lissoni P, Ferretti G, Rocca A, Torri V, et al. (2002) 
Postoperative hyperprolactinemia could predict longer disease-
free and overall survival in node-negative breast cancer patients. 
Oncology 63: 370-377.

44	 Lissoni P, Brivio F, Fumagalli L, Di Fede G, Brera G (2005) Enhancement 
of the efficacy of chemotherapy with oxaliplatin plus 5-fluorouracil by 
pre-treatment with IL-2 subcutaneous immunotherapy in metastatic 
cancer patients with lymphocytopenia prior to therapy. In Vivo 19: 
1077-1080.

45	 Messina G, Lissoni P, Bartolacelli E, Magotti L, Clerici M, et al. 
(2010) Relationship between psychoncology and psychoneuro 
endocrinoimmunology (PNEI): enhanced T-regulatory lymphocyte 
activity in cancer patients with self-punishment evaluated by 
Rorschach test. In Vivo 24: 75-78.

46	 Gu L, Li H, Chen L, Ma X, Li X, et al. (2016). Prognosticrole of 
lymphocyte-to-monocyte ratio for patients with cancer: evidence 
from a systematic review and meta-analysis. Oncotarget 3: 7876-
7881.


