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ABSTRACT
Objective. The authors interest was focused on interferon impact on dopamine status and on the relation between 
negative emotional state and dopamine in melanoma patients. 
Methods. 60 patients diagnosed with malignant melanoma in 1st or 2nd clinical stage were included in the fi rst 56 
days after surgical removal of the tumor in an observational prospective study. The patients were divided in 2 groups: 
group A that included 30 cases treated with 10MU interferon alpha2b/mp three times a week for one year and group 
B that included 30 cases with no adjuvant treatment. Urinary dopamine (ELISA) was evaluated before treatment with 
interferon alpha2b, after 1, 6, 12 months of treatment and after 6 months from the end of the treatment.
Neuropsychiatric disorders were grouped according to their frequency in melanoma patients.
Results. Neuropsychiatric disorders associated with the treatment with interferon were: irritability, asthenia and 
fatigability, sleep disorders, anxiety, cognitive disorders, somatic symptoms. The treatment with interferon altered 
dopamine metabolism. Dopamine returned to the pretherapeutical values at six months after interferon was 
stopped. Patients with low levels of urinary dopamine had a high, statistically signifi cant risk of developing depres-
sion during interferon treatment (OR=2.647, IC=2.186-3.014, p=0.0216).
Conclusions. Low dopamine might have a major role in the development of depression secondary to interferon 
treatment.
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INTRODUCTION 

Radical surgery with safety margins, histologi-
cally confi rmed, offers the best chance of curing 
early stages of malignant melanoma. Patients with 
2A, 2B and 3B stages of melanoma according 
AJCC (American Joint Committee on Cancer), 
with high risk of recurrence, receive adjuvant sys-
temic therapy. Multiple studies (1-6) evaluated the 
role of adjuvant therapy with interferon alpha 2b 
(IFN) in malignant melanoma. Most patients who 
received IFN presented liver, hematologic, neuro-
psychiatric and constitutional toxicity. The fre-
quency of neuropsychiatric disorders was infl u-
enced by the administration of IFN, dose and time 
of administration, mental status of patients. A vari-
ety of neuropsychiatric disorders associated with 

IFN treatment was described in melanoma patients: 
depressive symptoms, anxiety, cognitive, neuro-
vegetative, somatic symptoms) (1-7).

Ethiopathogenic hypothesis of depressive syn-
drome were based on multifactoriality in relation 
with neuro-immune-endocrine triade (7-14). Neu-
robiochemical vulnerability was demonstrated by 
serotoninergic, noradrenergic, dopaminergic, ace-
tilcholinergic, GABA-ergic and peptidergic impli-
cations. Immunological disorders that appear in 
depression were correlated with cytokines overex-
pression (TNFa, IL-1, IL-6), signal pathways alter-
ing (NF-kB, MAPK), overloading of some media-
tors of infl ammation (COX2, RNS/ROS). Stress 
was associated with hypo-thalami-adrenal ax over-
expression, with hyperactivity of sympathomimetic 
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system and of adrenergic components of adrenal 
gland. 

The adjustment of hypothalamus-pituitary-adre-
nal axis activity can be achieved by monoamine 
intervention. BEISA dysfunction (brain, endocrine, 
immune and sympathoadrenal axes) generates im-
balances in various signaling and transduction sys-
tems. Recent data referring to the etiology of de-
pressive disorders tend to integrate conceptual 
monoaminergic, neuroendocrine and immunologic 
systems (14).

Interferon proved to be an inductor for synthesis 
of proinfl amatory cytokines (IL-1, IL-2, IL-6, TNF 
alpha) that are involved in neurotransmitters me-
tabolism. Depression development during the treat-
ment with interferon alpha2b was associated with 
altered dopaminergic and serotoninergic transmis-
sion (7,8). Serotonin status in human body could be 
infl uenced by interferon through two mechanisms:

• activation of indolamine-2,3-deoxygenase, 
followed by decreased concentration of tripto-
fan and reduced synthesis of serotonin (7,9);

• stimulation of MAPK (p38) associated with 
increased active transport mechanisms and 
high serotonin reuptake (10).

Interferon could infl uence dopamine levels 
through multiple mechanisms:

• decrease of tetrahydrobiopterin (BH4) levels, 
stimulation of nitric oxid and interleukin 6 
synthesis and inactivation of tyrosinhydroxy-
lase;

• activation of MAPK/MEK, overexpression 
of dopamine transport and increase of dopa-
mine reuptake;

• activation of indolamine-2,3- deoxygenase, 
decrease of triptofan levels, stimulation of 
kynurenic acid synthesis, inhibition of gluta-
mate release and decrease of dopamine syn-
thesis.

The present study aimed to evaluate interferon 
impact on dopamine status and a possible relation 
between neuropsychiatric disorders and dopamine 
variation in melanoma patients. Such approaches 
could lead to identifi cation of useful items in clari-
fying the depression pathophysiology and to estab-
lish possible preventive pharmacological interven-
tions in this pathology.

METHODS

The present study was based on a fi ve years pro-
spective analysis and was developed in Center of 
Research in Dermatology from Clinical Hospital 
Victor Babes, Bucharest, Romania. The study was 

approved by the Ethics Committee of the Hospital. 
All the patients were diagnosed with melanoma 
stage I-II by histopathological exam and included 
in the study in the fi rst 56 days after surgical re-
moval of the tumor. 

Exclusion criteria:
• pregnancy;
• alcohol, drug consume;
• hormonal therapy, antidepressant, antioxidant, 

immunomodulatory therapy dopamine recep-
tors blockers, mono-amino-oxidase inhibitors;

• treated malignant melanoma;
• associated disorders: neurological, psychiat-

ric, digestive, endocrinological, cardiovascu-
lar, hepatic, renal, pulmonary, metabolic, au-
toimmune, infections/infl ammation, others 
neoplastic processes; 

• high values for some biochemical and hema-
tological markers that can give false positive 
reactions (high levels of triglycerides, conju-
gated bilirubin, unconjugated bilirubin, se-
rum hemoglobin over 500 mg/dl);

• refuse to participate to the study.
All the participants in the study signed the in-

formed consent according to the Declaration of 
Helsinki from 1964. 

60 patients with melanoma stages I-II were se-
lected and dived in two groups:

• group A that included 30 patients with malig-
nant melanoma treated with interferon al-
pha2b 10MU IFNxmp-1, subcutaneous, three 
times a week, for one year. Group A included 
20 women and 10 men with age average 
52.9±13.4 years.

• group B that included 30 patients with malig-
nant melanoma without treatment with inter-
feron alpha2b. The decision for no treatment 
was taken by the oncologist according to pa-
tient desire. Group B included 20 women and 
10 men with age average 50.5±14.0 years. 

The laboratory assessments were made in all 
the patients at fi ve moments:

• moment 1 – eight weeks after surgical re-
moval of the tumor, respectively, before the 
treatment start;

• moment 2 – one month of treatment, respec-
tively, three months after surgical removal of 
the tumor; 

• moment 3 – six months of treatment, respec-
tively, eight months after surgical removal of 
the tumor; 

• moment 4 – twelve months of treatment, re-
spectively, 14 months after surgical removal 
of the tumor; 
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• moment 5 – six months after the treatment, 
respectively, 20 months after surgical remov-
al of the tumor; 

In all the patients included in the study were as-
sessed: hematological parameters (Pentra C 60 ana-
lyzer), biochemical tests (HumaStar300), urinary 
dopamine (ELISA) (Table 1).

TABLE 1. Demographic and biological characteristics in 
patients with malignant melanoma
Characteristi cs Melanoma –IFN

(N=30)
Melanoma – nonIFN

(N=30)
Sex: men/women 1:2 1:2
Age (years) 52.9±13.4 50.5±14.0
BMI (kg/m2) 23.8±1.9 24.1±1.6
Hemoglobin (g/dl) 12.6±1.3 12.9±2.1
Leucocytes (cel/mmc) 5400±1100 5650±935
Platelets x103(/mmc) 237±31 286±93
Glucose (mg/dl) 88.3±16.2 91.5±12.4
ALT (U/L) 19.4±6.2 21.8±8.3
AST (U/L) 20.4±8,3 19.2±5.7
Cholesterol (mg/dl) 150±30.8 178±24.5
HDL-cholesterol (mg/dl) 47.4±8.1 51.9±9.5
Triglycerides (mg/dl) 81.4±22.9 77.2±19.4
Urea (mg/dl) 26.1±9.3 31.7±12.3
Creati nine (mg/dl) 0.81±0.14 0.78±0.09
Dopamine (pg/ml) 47.1±13.3 51.4±9.6
Dopamine(ug//24h) 171.3±42.8 178.7±57.1

Neuropsychiatric adverse reactions were grouped 
by frequency: very frequent (affects 1 from 10 pa-
tients), frequent (affects 1 to 10 from 100 patients), 
less frequent (affects 1 to 10 from 1,000 patients) and 
rare (affects 1 to 10 from 10,000 patients). 

Statistical analysis. All data were statistically 
evaluated using SPSS, a specialized soft for statisti-

cal analysis. The results were presented as mean± 
standard deviation. t test or ANOVA tests were used 
to compare two groups of variables. Odds Ratio 
(OR) was used for testing the dependence between 
two factors. We also evaluated the survival rate in 
melanoma patients treated with interferon alfa2b 
by dopamine levels using Kaplan-Meyer curves. 

RESULTS AND DISCUSSIONS

Results. Neuropsychiatric effects of interferon 
were evaluated in two homogenous groups for bio-
logical profi le and demographical characteristics: 
30 patients with melanoma treated with interferon 
alpha2b and 30 patients with melanoma without 
adjuvant treatment. 

The systemic therapy with IFN in melanoma pa-
tients was associated with neuropsychiatric disor-
ders, evaluated as follows: 1) very frequent: asthe-
nia, fatigue, irritability, sleep disorders; 2) frequent: 
fear, lack of concentration, indecisiveness, irrita-
tive urinary symptoms; 3) less frequent: memory 
disturbance, muscle or joint pain, gastrointestinal 
symptoms. Psychiatric disorders were observed in 
over 75% patients during the fi rst month of treat-
ment with IFN, other disorders being registered in 
the next six months of treatment. Vary rare depres-
sive reactions were noticed in patients with mela-
noma without treatment. In conclusion, neuropsy-
chiatric alterations were secondary to interferon 
alpha2b (Fig. 1).

Interferon infl uence on dopamine in melanoma 
patients versus melanoma non-IFN patients was 
analyzed by sex and age (Table 2), and also, for the 

FIGURE 1. Interferon associated 
neuropsychiatric effects in 
melanoma patients
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whole group (Fig. 2). It should be noted that the 
production of dopamine is intermittent, and the de-
termination of dopamine in urine is more appropri-
ate than its determination in plasma (Table 1). 

In melanoma women in premenopausal, during 
the treatment with interferon alpha2b, dopamine 
decreased compared to the moment 1 (186.00/50.28 
ug/24h) with 12.5% (p=0.389, IC=95%), after one 
month , with 27.36% (p=0.017, IC=95%) after six 
months, with 21.71% (p=0.047, IC=95%) after 12 
months of treatment. At moment 5 (six months af-
ter the treatment was stopped), dopamine returned 
to pre-treatment values. Dopamine levels did not 
vary in premenopausal melanoma women untreat-
ed with interferon alpha2b (Table 2). 

TABLE 2. Dopamine variation (ug/24h) in melanoma 
patients during treatment with interferon alfa2b 

Premenopausal 
women

Postmenopausal 
women

Men

 IFN (N = 30)
 1 195.30+49.99 159.80+62.94 184.80+47.88
 2 170.90+46.94 170.90+79.92 180.80+38.12
3 158.60+42.06 154.60+58.83 165.50+42.92
4 195.80+44.21 145.20+55.89 165.60+42.17
 5 194.90+49.68 159.90+62.71 184.80+47.88
nonIFN (N = 30)

 1 186.00+50.28 168.40+45.76 160.90+38.86

 2 162.70+49.58 *116.50+38.42 *125.00+28.89

3 *135.10+60.25 150.40+64.47 *123.60+38.80
4 *145.80+29.74 159.30+30.27 143.40+38.03
 5 189.90+65.51 168.60+45.38 160.90+38.73

1,2,3,4,5 – moments of evaluati on anterior defi ned 
(*p< 0.05 versus moment 1, IC=95%)

In postmenopausal melanoma women, dopa-
mine dynamics during IFN treatment was similar. 

Compared to moment 1, (166.40/45.76ug/24h), do-
pamine decreased with 30.84% after one month 
(p=0.002, IC=95%), with 11.47% after six months 
(p=0.073, IC=95%), with 5.22% (p=0.097, 
IC=95%) after twelve months of treatment with in-
terferon alpha2b. After the treatment was stopped, 
dopamine increased slowly and it had the same pre-
therapeutically values at six months after the treat-
ment (Table 2). Dopamine levels did not vary in 
postmenopausal melanoma women without treat-
ment with interferon alpha2b (Table 2). 

In melanoma men treated with interferon al-
pha2b, dopamine decreased signifi cantly compared 
to moment 1 (160.90/38.86ug/24h), with 21.92% 
after one month (p=0.007, IC=95%), with 22.82% 
after six months (p=0.003, IC=95%), with 10.37% 
after twelve months of treatment (p=0.103, 
IC=95%). Dopamine levels normalized at six 
months after the adjuvant treatment was stopped 
(Table 2). 

The statistical analysis showed signifi cantly in-
creased levels of dopamine in group A compared 
with group B (Fig. 2), variation that confi rmed the 
results presented above.

The role of dopamine in development of depres-
sion in melanoma patients treated with interferon 
alpha2b was evaluated by odds ratio and p-value. 
The values for OR=2.647, IC =2.186-3.014, 
p=0.021 showed that patients with low levels of do-
pamine have a higher risk, statistical signifi cantly, 
for developing neuropsychiatric disorders during 
the treatment with interferon. 

The authors also analyzed the infl uence of dopa-
mine on the relapse rate in melanoma patients. The 
survival rate relapse free (SRR) in melanoma pa-
tients treated with interferon alpha2b by dopamine 

FIGURE 2. Dopamine dynamics in 
melanoma patients treated with IFN 
versus nonIFN melanoma patients 
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levels indicated a SRR of 18.47±0.73 months for 
urinary dopamine under 171 ug/24 h and 19.28±2.71 
months for urinary dopamine over 171 ug/24 h in 
group A. In group B, SRR was 19.28±1.40 months 
for urinary dopamine under 171 ug/24 h and 
20.55±1.14 months for urinary dopamine over 171 
ug/24h. The survival rate was higher, but without 
statistical signifi cance, in melanoma patients with 
increased levels of dopamine compared with mela-
noma patients with decreased levels of dopamine 
(p>0,05) (Fig. 3).

Discussions. Systemic therapy with interferon 
alpha2b determined early appearance of neuropsy-
chiatric disorders, with a signifi cant frequency (Fig. 
1). This observation is strengthened by the fi nding 
that the incidence of depression in patients with 
non-IFN melanoma is very rare.

IFN therapy induced alteration of dopamine me-
tabolism (Table 2), resulted in a reduction of dopa-
mine up to 40% during the treatment with IFN (Fig. 
2). After the treatment was stopped, dopamine re-
turned to the values comparable with the initial 
ones. Therefore, reduction of dopamine associated 
with IFN treatment was reversible and non-cumu-
lative.

Decreased dopamine in patients with melanoma 
is a risk factor for depressive symptoms secondary 
to IFN therapy (OR=2.647, IC=2.186-3.014, 
p=0.0216). This association between depressive 
episodes and impaired status of dopamine may 
have a role in the etiology of neuropsychiatric dis-
orders. 

In literature no categorical statements about the 
relationship between dopamine and neuropsychiat-

ric disorders secondary to IFN therapy were ob-
served. Recent data tend to give the dopaminergic 
hypothesis an important role in the etiology of de-
pressive disorders (15-19). Blocking the reuptake 
of dopamine (nomifensine) or modulation of dopa-
mine receptors (pramipexile) showed reduced de-
pressive symptoms (17). In cerebrospinal fl uid and 
plasma from the jugular vein, reduced amounts of 
dopamine metabolites were found in depression, 
suggesting the decrease of dopamine turnover (18). 
Reduced expression of dopamine transporter in 
striatum was associated with reduced dopamine 
reuptake and, consequently, reduced dopaminergic 
neurotransmission (19). IFN stimulates the indol-
amine-2,3-dioxygenase activity and decreases the 
protective action of factors infl uencing oxidative 
and apoptotic mechanisms, with altered expression 
of growth factor BDNF (brain-derived neurotroph-
ic factor) (20). There are a number of mechanisms 
by which IFN may alter dopamine metabolism: ac-
tivation of indolamine-2,3-dioxygenase (13), inac-
tivation of tyrosinhidroxilases (11), alteration of 
some signaling pathways (12).

To investigate the relationship between the se-
verity of neuropsychiatric events and profi le of do-
pamine, the authors recommend the dosage of do-
pamine in urine, because the test is more appropriate 
than testing plasma dopamine. This test would be 
able to identify patients prone to develop depres-
sion secondary to the treatment with IFN. Identify-
ing patients with depression in the early stage re-
quires attention and close collaboration of the 
therapeutic team to initiate a specifi c treatment.

FIGURE 3. Kaplan-Meier relapse-free 
survival curves in group A and group B 
relative to urinary levels of dopamine 
(a – IFN group, urinary dopamine <171 
ug/24 h, b – IFN group, urinary dopamine 
>171 ug/24 h, c – non INF group, urinary 
dopamine < 171 ug/24 h, d – nonINF 
group, urinary dopamine >171 ug/24 h)



ROMANIAN JOURNAL OF NEUROLOGY – VOLUME XIV, NO. 4, 2015224

The analysis of relapse-free survival curves in 
patients with malignant melanoma by dopamine 
status showed differences between IFN and non-
IFN groups with respect to survival without re-
lapse. Thus, in group A, in patients with malignant 
melanoma with elevated urinary dopamine was es-
timated a prolonged disease-free survival rate than 
in patients with malignant melanoma with low uri-
nary dopamine. The same correlation between do-
pamine levels and relapse-free survival was 
achieved in group B. For the same urinary dopa-
mine status in patients in IFN group, there was es-
timated lower relapse-free survival compared with 
nonIFN group. As a result, it can be accepted that 
the reduction of dopamine could be a negative pre-
dictive factor in assessing the response to interferon 
alpha2b. 

CONCLUSIONS

In our study, urinary dopamine was signifi cantly 
lower during interferon alpha2b administration in 
patients with melanoma. The authors calculated a 
relation defi ned by a high, statistically signifi cant 
odds ratio between dopamine status and depres-
sion. This correlation suggests that dopamine de-
crease might play an important role in neuropsychi-
atric disorders associated with interferon treatment. 
These results could induce prophylactic pharmaco-
logical interventions in dopamine metabolism for 
reducing neuropsychiatric adverse reactions asso-
ciated with interferon treatment. 
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