
Abstract. Background: Cancer progression depend on the
immune and endocrine status of the patients. In particular, it has
been observed that abnormally high levels of cortisol and/or an
altered circadian secretion are associated with a poor prognosis
in advanced cancer patients. The present study was performed to
establish whether cancer-induced hypercortisolemia depends on
an activation of the hypothalamic-pituitary axis or on a direct
adrenal stimulation by inflammatory cytokines, such as IL-6,
which have been proven to induce cortisol secretion. Patients and
Methods: The study included 50 metastatic solid tumor patients,
who were evaluated before the onset of chemotherapy. Venous
blood samples were collected in the morning to measure IL-10,
IL-6, ACTH and cortisol serum levels. Moreover, to analyze its
circadian secretion, cortisol levels were also evaluated on venous
blood samples collected at 4.00 p.m. Results: Abnormally high
morning levels of cortisol were observed in 19/50 (38%) patients.
Moreover, a lack of a normal circadian rhythm of cortisol was
seen in 8/50 (16%) patients. None of the patients showed high
levels of ACTH. Abnormally high concentrations of IL-6 and IL-
10 were present in 21/50 (42%) and in 14/50 (28%) patients,
respectively. Mean serum levels of both IL-6 and IL-10 were
significantly higher in patients with hypercortisolemia than in
those with normal cortisol values (p<0.005 and p<0.00l,
respectively). According to previous clinical studies, these results
confirm that the advanced neoplastic disease may be associated
with enhanced cortisol levels and alterations of its circadian
secretion. The lack of enhanced ACTH secretion excludes the
possibility that the abnormal cortisol production is due to the

activation of the hypothalamic-pituitary axis. On the contrary, the
evidence of significantly higher concentrations of IL-6 in
hypercortisolemic patients would suggest that cancer-related
enhanced cortisol production may depend on a direct adrenal
stimulation by IL-6 itself. The well-demonstrated stimulatory role
of cortisol on IL-10 production would explain the enhanced IL-
10 secretion in hypercortisolemic patients. Conclusion: Cancer-
related hypercortisolemia would seem to depend on alterations
of the feedback mechanisms between endocrine and cytokine
secretions, occurring in the neoplastic disease. 

Several clinical investigations have demonstrated the
possible occurrence of an abnormally enhanced secretion
of cortisol with cancer progression, independently of the
histotype of tumor (1-5). Cancer-related hypercortisolemia
would not be only a simple epiphenomenon, since it has
been associated with a poor prognosis and with a reduced
response to anticancer treatments in several tumor
histotypes, including breast cancer, ovarian carcinoma and
lung cancer (1-5). Therefore, the evidence of cancer-related
hyper-cortisolemia has to be considered as a biological
marker, depending on the endocrine status of patients, in
neoplastic disease (1-5), because of its potential prognostic
significance. The evaluation of cortisol secretion would
have to be included within the routine examinations of
advanced cancer patients before the onset of conventional
anticancer therapies. In fact, because of its
immunosuppressive effects (6), the abnormal secretion of
cortisol could contribute to the generation of cancer-
related immunosuppression, as already suggested by clinical
investigations, which have shown the association between
high levels of cortisol and low number of total lymphocytes
and NK cells (7) in cancer patients. The mechanisms
responsible for cancer-related hypercortisolemia have still
to be defined, and in particular it remains to be established
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whether the abnormal secretion of cortisol may depend on
an increased stimulation of the adrenal gland following a
hyperactivation of the hypothalamic-pituitary axis, with a
consequent concomitant presence of abnormally high
levels of the pituitary hormone ACTH, or whether it may
be due to a primary dysfunction of the adrenal gland
induced by cancer-associated abnormally elevated
production of inflammatory cytokines, such as IL-6,
which may stimulate cortisol secretion (8), and whose
levels are often abnormally high in patients with
advanced cancer (9). On the other hand, cortisol may
stimulate the release of IL-10 from TH2-lymphocytes
(10), which represents, as well as IL-6 (8), one of the most
potent immunosuppressive cytokines in the anticancer
immunity (11).

Preliminary results would seem to exclude cancer-related
high cortisol levels being dependent on hypothalamic-
pituitary mechanisms (l). Another potential mechanism
responsible for the enhanced cortisol secretion with cancer
progression could consist of a direct stimulatory action of
IL-6 (8), which is produced through the cortisol-stimulation.
The present study was carried out to establish whether
advanced cancer-related hypercortisolemia depends on
abnormal ACTH production from the pituitary gland, or
whether it is due to the action of inflammatory cytokines, by
concomitantly measuring ACTH and IL-6 blood
concentrations, as well as to investigate a possible relation
between the increased cortisol secretion and the
endogenous production of IL-10, as expected on the basis
of the well documented stimulatory role of corticosteroids
on IL-10 secretion (11), which represents the main cytokine
produced by T regulator (T-reg) lymphocytes. 

Patients and Methods

The study included 50 consecutive metastatic solid tumor patients.
Eligibility criteria were as follows: histologically proven metastatic
solid neoplasm, measurable lesions, no double tumor, no brain
metastasis, no previous chemothe-rapy for the metastatic disease and
no concomitant chronic treatment with corticosteroids or with other
drugs influencing cortisol secretion. The clinical characteristics of
patients are reported in Table I. For the immune and endocrine
evaluations, venous blood samples were collected in the morning
after an overnight fast and before the administration of cancer
chemotherapy. Moreover, to evaluate the circadian secretion of
cortisol, venous blood samples were also collected at 4.00 P.M. Serum
levels of IL-6 were measured by an IRMA assay (Technogenetics)
and IL-10 by an ELISA immunoassay (Bender MediSystems).
Cortisol serum concentrations were determined by an automated
analyser with an ECLIA method (Elecsys Systems Immunoassay;
Roche Diagnostics, Mannheim, Germany); ACTH serum
concentrations were measured by the automated chemiluminescent
Nichols Advantage ACTH assay (Nichols Institute Diagnostics).

Normal values obtained in our laboratory (95% confidence
limits) were below 31 pg/ml for IL-6, below 1.5 pg/ml for IL-10,
below 220 ng/ml for cortisol morning values, with afternoon levels
lower by at least 50% with respect to morning concentrations, and
below 28 pg/ml for ACTH. Data were reported as mean X

—
± SE,

and statistically analyzed using the Student's t-test, the Chi-square
test and the coefficient of correlation, as appropriate. 

Results

Abnormally high morning levels of cortisol were seen in 19/50
(38%) patients. Moreover, within the group of
hypercortisolemic patients, a normal cortisol rhythm, with a
decline of at least 50% in the afternoon with respect to the
values seen during the morning, was present in 11/19 patients,
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Table I. Clinical characteristics of 50 metastatic solid tumor patients.

Characteristics n

M/F 28/22

Median age (years) 59 (43-66)

Median performance status
(Karnofsky's score) 90 (80-100)

Tumor Histotype
Non-small cell lung cancer 24
Colorectal cancer 14
Breast cancer 12

Dominant metastasis sites
Bone 8
Lung 15
Liver 16
Lung + Liver 11 Figure 1. Mean ACTH serum morning levels in metastatic cancer patients

with normal or high cortisol secretion.



whereas the remaining 8 patients (16%) showed no circadian
secretion. Serum levels of ACTH were normal or low in all
patients with abnormally high cortisol concentrations. As
illustrated in Figure 1, mean ACTH levels were lower in
hypercortisolemic patients than in those with normal morning
cortisol values, without, however, statistically significant
differences. IL-6 concentrations were high in 21/50 (42%)
patients and the mean values of IL-6 observed in
hypercortisolemic patients were significantly higher than in
those with normal cortisol levels (p<0.005). On the same way,
IL-10 concentrations were abnormally high in 14/50 (28%)
cancer patients, and IL-10 mean values were significantly
higher in hypercortisolemic patients than in those with normal
cortisol concentrations (p<0.001). Moreover, within the
hypercortisolemic group, patients who failed to present a
circadian secretion of cortisol showed significantly higher
levels of both IL-6 (p<0.025) and IL-10 (p<0.05) with respect
to the hypercortisolemic patients with a maintenance of a
normal circadiarythm of cortisol secretion. A positive
correlation was seen between cortisol levels and those of IL-6
and IL-10, even though none of these correlations reached
statistical significance (IL-6: r=0.32; IL-10: r=0.37). IL-6 and
IL-10 mean concentrations in relation to cortisol secretion are

reported in Table II. Mean serum levels of cortisol observed
in the morning and in the afternoon in relation to IL-6 and
IL-10 production are illustrated in Figure 2. Both morning
and afternoon values of cortisol were significantly higher in
patients with abnormally elevated levels of IL-6 than in those
with normal IL-6 concentrations (p<0.01 and p<0.005,
respectively), and in patients with high IL-10 values than in
those with normal values (p<0.05 and p<0.01, respectively). 
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Figure 2. Mean serum morning and afternoon levels of cortisol in metastatic cancer patients with normal or abnormally enhanced serum con-centrations
of IL-6 and IL-10. *p<0.01 vs. normal IL-6; **p<0.005 vs. normal IL-6; ***p<0.05 vs. normal IL-10; ****p<0.01 vs. normal IL-10.

Table II. IL-6 and IL-10 in relation to cortisol secretion in metastatic
cancer patients.

Cortisol secretion n IL-6 ( X—   ±SE) IL-10( X—   ±SE) 
(pg/ml) (pg/ml)

Normal cortisol levels 31 21±5 1.1±0.3
High cortisol levels 19 58±6* 4.3±0.5**

Presence of rhythmicity 11 46±4 3.8±0.4
Lack of rhythmicity 8 72±6*** 5.9±0.5****

*p<0.005 vs. normal cortisol levels; **p<0.001 vs. normal cortisol
levels; ***p<0.025 vs. high cortisol levels with rhythm; ****p<0.05 vs.
high cortisol levels with rhythm.



Discussion

The present study, by showing that cancer-related
hypercortisolemia is associated with normal levels of ACTH
and abnormally high concentrations of IL-6, excludes the
possibility that the abnormally increased cortisol secretion may
depend on pituitary stimulation. We suggest that this may be
due to mechanisms not depending on the endocrine system but
on the immune system through the release of inflammatory
cytokines, capable of modulating the endocrine secretions, as
confirmed by the significantly higher levels of IL-6 in
hypercortisolemic cancer patients. Therefore, because of the
presence of normal ACTH values, the abnormal cortisol
secretion could simply represent a direct consequence of the
stimulatory action of IL-6 (8). Moreover, the occurrence of the
highest concentrations of IL-6 in hypercortisolemic cancer
patients, who had no cortisol rhythmicity, would suggest that
cancer growth-related progressive increase in IL-6 blood levels
may be the mechanism responsible for the aggressive disruption
of cortisol circadianrythm. In addition, the evidence of a
concomitant hyperproduction of IL-10 in patients with high
levels of cortisol and IL-6 is not surprising, since IL-10 has been
proven to be under a stimulatory control played by cortisol (11).
Abnormal production of cortisol in response to a chronic
stimulation by IL-6 could determine an enhanced IL-l0
production. Therefore, the abnormally high levels of IL-10
would simply represent, at least in part, an immunoendocrine
consequence of the high cortisol concentrations, obviously in
addition to the possible direct autocrine production of IL-l0 by
cancer cells themselves (11). In contrast, cancer-related
hypersecretion of IL-6 would represent a primary event induced
by the chronic response of macrophages to cancer growth (12),
not determined by the hypercortisolemic status, since cortisol
tends to reduce IL-6 production (6, 8), and no stimulatory effect
of cortisol on IL-6 production has been documented.

Moreover, further studies will be required to better
define the mechanism responsible for cortisol-induced
immuno-suppression. In addition to the well documented
immunosuppressive role of macrophages (12), recent studies
have documented the immunosuppressive activity of T-reg
lymphocytes (13-17), whose number has appeared to be
abnormally high in advanced cancer patients. Cortisol could
suppress the anti-cancer immunity by stimulating T-reg
generation and activity.

Conclusion

This study shows that cancer-related enhanced secretion of
cortisol is associated with normal levels of ACTH and
enhanced concentrations of IL-6 and IL-10, suggesting that
IL-6 hypersecretion may constitute the main mechanism
responsible for the abnormally increased cortisol
production, whereas the high levels of IL-10 are not the
cause but the effect of hypercortisolemia.
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