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Abstract OBJECTIVE: The objective was a systematic study of the biochemical markers 
which are descriptive for the dynamics of pain processes. 
MATERIALS AND METHODS: The patients who had not been systematically treated 
for pain prior to their participation in this study consisted of 20 non-oncological 
(mean age 56.5 years) and 20 oncological patients (mean age 64.8 years). Pain 
intensity, assessed using the visual analogue scale (VAS) on a scale from 0–10, and 
the following biochemical parameters were measured during the initial patient 
workups: blood serum total protein, glucose, total cholesterol, HDL cholesterol, 
LDL cholesterol, atherosclerotic indexes, triacylglyceroles, apolipoprotein A, apo-
lipoprotein B, albumin, alpha1 globulin, alpha2 globulin, beta globulin and gamma 
globulin. Biochemical measurements were repeated as soon as VAS assessments 
fell below 5. Therapy in non-oncological patients involved administration of NSA 
and weak opioids; while oncological patients received NSA, medium strength and 
strong opioids, and antidepressants. 
RESULTS: Prior to therapy, concentration of albumin in serum, HDL cholesterol, 
and apolipoprotein A were lower, whereas CRP and alpha1 globulin were higher 
in oncological patients compared to non-oncological patients. After therapy, 
levels of glucose and alpha1 globulin were significantly higher and levels of apo-
lipoprotein A were lower in oncological patients compared to non-oncological 
patients. Irrespective of diagnosis, patients treated with antidepressants showed 
higher levels of gamma globulin compared to non treated patients. 
CONCLUSIONS: We can conclude that observed biochemical markers in patients 
with malignancies are more similar to the values of patients with chronic benign 
pain than to the values of patients with acute pain. 
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Introduction

Chronic pain currently affects 20–30% of citizens 
in developed countries and represents one of the 
worst types of pain. Pain, especially associated with 
tumors, can lead to serious mental and physical stress 
in patients. Therefore early and accurate diagnosis of 
chronic pain is very important. It is widely accepted that 
90% of chronic pain may be successfully treated with 
well managed therapy. The methods most commonly 
used are methods involving subjective evaluations that 
attempt to define pain intensity, its threshold, and its 
affective component, i.e. unpleasantness (Huskisson, 
1974; Hicks et al. 2001). The simplest and most widely 
used method is the VAS; other methods involve differ-
ent types of psychological questionnaires (e.g. McGill 
Questionnaire and others) (Melzack, 1987). These 
methods are affected by subjective error that can only 
be reduced through qualitative and quantitative inves-
tigations; which explains why there have always been 
attempts to develop effective and objective pain evalu-
ation methods.

Electrophysiological methods are frequently used 
to achieve objectivity (Treede et al. 2003; Vaculín et al. 
2004). However, these methods are too complicated 
and sometimes too invasive to be used in routine clini-
cal practice. Imaging methods like CT, fMRI, and PET 
(Apkarian et al. 2001; Borsook et al. 2007) are very pro-
gressive, but they are expensive and too time consuming 
for routine clinical utilization. However, these methods 
have brought new insights into the central structures 
activated by pain. These insights have inspired us to 
search for peripheral pain markers. Today biochemical 
markers are routinely tested during basic hospital inves-
tigations (e.g. glycaemia, lipid and protein spectrum, 
cholesterol and its subtypes, indicators of inflamma-
tion, stress hormones, and levels of mediators or their 
metabolites). These substances are most often tested in 
urine, blood, and cerebrospinal fluid (CSF), but can also 

be tested in tissues and saliva (Krikava et al. 2004; Schell 
et al. 2008; Shirasaki et al. 2007; Mannes et al. 2003).

Previously we published research indicating that 
some markers showed changes during acute and 
chronic pain (Rokyta et al. 2008; Stancak et al. 2008). We 
were one of the first to measured levels of free radicals 
in pain conditions, both in experimental and clinical 
practice. Our findings revealed that the most important 
changes take place in hydroxyl and nitroxide radicals 
and in singlet oxygen (Pekarkova et al. 2001; Rokyta et 
al. 2003; Rokyta et al. 2004).

In this paper we have focused on describing simple 
biochemical blood markers that can be used in patients 
with tumor pain. 

Material and Methods

The investigation started with 40 patients; 20 non-
oncological patients and 20 oncological patients. The 
most frequent diagnosis in non-oncological group was 
low back pain (n=7) and failed back surgery syndrome 
(FBSS) (n=8). The other 5 patients in the group suf-
fered from cervicobrachial syndrome, polyneuropathy, 
post-herpetic neuralgia, arthritis, and osteoporosis. 
Oncological patients were diagnosed as follows: breast 
carcinoma (n=4), carcinoma of GIT and pancreatic 
gland (n=4), carcinoma of uterus (n=2), lung cancer 
(n=2), carcinoma of prostate gland, urinary bladder, 
and kidneys (n=4), carcinoma of orofacial cavity and 
larynx (n=3) and leukemia (n=1).

The patients were examined in the outpatient unit 
of the Center for Pain of the Faculty Hospital in Brno. 
All patients signed an informed consent and the study 
was approved by the Ethical Committee of the Faculty 
Hospital in Brno. Treatment for pain did not begin until 
after the patient’s initial examination.

During the initial investigation pain intensity was 
measured on the VAS scale (0–10) and blood samples 
were drawn for determination of the following bio-
chemical blood serum values: total protein, albumin, 
glucose, total cholesterol, HDL cholesterol, LDL choles-
terol, triacylglyceroles, apolipoprotein A, apolipopro-
tein B, indexes of atherosclerosis. Apo A ⁄ Apo B, LDL/
HDL, Klimov ((total cholesterol − HDL cholesterol) 
⁄ HDL cholesterol) and CRP were also measured and 
electrophoresis of plasma proteins (albumin, alpha 1 
globulin, alpha 2 globulin, beta globulin and gamma 
globulin) was performed.

The same VAS measurement was repeated 4 times 
during treatment (approximately every 3 weeks). Bio-
chemical measurements were repeated when the pain 
intensity assessment fell below 5 on the VAS scale. The 
biochemical results were obtained from the biochemi-
cal laboratory at the Faculty Hospital in Brno.

Therapy for non-oncological patients consisted most 
often of administration of NSA (n=15) and tramad-
ole (n=14). As necessary, the above mentioned drugs 
were used in combination with: opioids (oxycodon, 

Tab. 1. Demographic characteristics and a brief overview of 
treatments in non-oncological and oncological patients.

Chronic pain Cancer pain

Number of patients 20 20

Sex: 		F/M at the beginning
		 F/M at the end

20/0
20/0

11/9
6/4

Age (Mean ± SD) years 56.5 ± 11.4 64.8 ± 8.9

Therapy (number of patients)

NSA 15 16

Morphine and its derivates 17 12

Fentanyl 0 10

Antidepressants 8 10
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dihydrocodeine, morphine sulphate – MST), anti-
epileptics (clonazepam, gabapentin, carbamazepine), 
antidepressants (fluoxetine, tricyclic antidepressants), 
paracetamol, or coxibs.

For the oncological patients, NSAs were the most 
frequently administered drugs (n=16). Other medica-
tions were used as follows: indomethacine (n=5), opi-
oids: phentanyl (n=10), morphine (n=6), morphine 
sulphate (n=1), dihydrocodeine (n=1); antidepressants: 
TCA, amitriptyline (n=5), fluoxetine (n=3), antiepilep-
tics: clonazepam (n=1), gabapentin (n=1), hypnotics 
(n=1), and paracetamol.

A brief overview of treatments and further demo-
graphic characteristics are presented in Table 1.

Antidepressants were indicated in both groups of 
patients either for psychiatric comorbidity (depression) 
and/or neuropathic pain. None of the patients were 
treated with antidepressants before entering the study. 
Prior pain management had been sporadic and non-
systematic, making it impossible to establish precise 
pain treatment histories.

The group of non-oncological patients consisted of 
women only (average age = 56.5 years), while the group 
of oncological patients consisted of 11 women and 9 
men (average age = 64.8 years). Ten oncological patients 
died during the 8 month study (4 men and 6 women).

Statistical analysis 
Differences in the values of laboratory clinical find-
ings in non-oncological and oncological patients were 
analyzed using the Student’s t-test for two independent 
samples. Changes within diagnostic groups through-
out the therapy were evaluated using the Student’s 
paired t-test or the Kruskal-Wallis nonparametric test. 
Changes in pain intensity throughout treatment were 
evaluated by analysis of variance for repeated measures.

Results

Regardless of the differential diagnosis, no differences 
were found in the non oncological patients in either 
biochemical parameters or pain intensity (data not pre-
sented because of the small number of subjects in each 
group). With the exception of lower levels of total pro-
tein, oncological patients who died during the observa-
tion period did not differ at the beginning of the study 
from those who finished the therapy.

The two groups did not differ in pain intensity assess-
ments prior to treatment. The results of admission bio-
chemical data and data obtained after pain assessments 
below 5 on the VAS are presented in Table 2. Pain inten-
sity, as assessed using the VAS method, decreased sig-
nificantly in both groups; in non-oncological patients 
the average VAS decreased from 8.5 to 4.2, in oncologi-
cal patients the average VAS decreased from 9.0 to 4.1 
(ANOVA F(4,116)=2.5, p=0.048) (Figure 1).

The only biochemical parameter to change after 
therapy was albumin levels in non-oncological patients 

which decreased after therapy (t=3.4, p=0.003). No 
changes were found in the oncological patients who 
completed the study.

Comparison of biochemical values in non-oncological 
and oncological patients before and after therapy 
Before starting analgesic treatment, the following values 
were lower in the oncological patients compared to the 
non-oncological patients: albumin (p=0.015), HDL 
cholesterol (p=0.003) and apolipoprotein A (p=0.01). 
The opposite was true for CRP (p=0.029) and alpha 1 
globulin (p=0.008), which were higher in the oncologi-
cal patients.

The oncological group showed significantly higher 
levels of glucose (p=0.034) and alpha 1 globulin after 
therapy than the non-oncological group. Levels of HDL 
cholesterol (p=0.005) and apolipoprotein A (p=0.0003) 
were lower in the oncological group compared to non-
oncological group.

After therapy all indexes of atherosclerosis in the 
oncological patients were higher than in the non-onco-
logical patients (Klimov p=0.023), LDL/HDL (p=0.004) 
and ApoA ⁄ ApoB (p=0.043). It is necessary to mention 
that values for the oncological patients after therapy 
were obtained from a reduced number of patients due 
to the death of ten members of this group.

The effect of antidepressant therapy on VAS and bio-
chemical parameters
There was no difference in the intensity of pain in the 
non-oncological patients at the end of the therapy with 
respect to adjuvant therapy with antidepressants. The 
surviving oncological patients that used antidepres-
sants (n=7) reported lower pain intensity than the 
oncological patients not taking antidepressants (n=3) 
(Figure2). Despite the small number of patients, it is 
interesting that out of 10 patients using antidepressants, 
survived 7, while out of 10 patients not using antide-
pressants, only three patients survived (tested by chi 
square χ2=1.09, p=0.29).

Patients taking antidepressants had, regardless of 
diagnosis, higher levels of gamma globulin compared 
to patients not treated with antidepressants. In the 
oncological group the difference was statistically sig-
nificant (KW=7.02; p=0.008) (Figure 3).

Discussion

At the beginning of the study the oncological patients 
showed: lower levels of serum albumin, HDL choles-
terol, apolipoprotein A and higher levels of CRP and 
alpha 1 globulin than the non-oncological patients.

After therapy the oncological patients showed higher 
levels of glucose and alpha 1 globulin and lower levels 
of apolipoprotein A than the non-oncological patients. 
After therapy the groups also differed in the level of 
HDL cholesterol which was lower in patients with 
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Tab. 2. Changes in blood plasma biochemical markers in non-oncological and oncological patients before and after analgesic treatment. 

Chronic pain Cancer pain Significance of T-test for 
independent samples 

(p-values)

Number of patients at 
the beginning/end

(N)

Before 
treatment

After 
treatment

Before 
treatment

After  
treatment

Before 
treatment

After 
treatment chronic cancer

Pain intensity (VAS) 8.50±1.00 4.25±1.94 9.05±0.83 4.10±1.96 0.065 0.844 20/20 20/10

Total protein (g⁄l)
(64–82) 72.20±4.31 69.85±4.69 69.32±4.68 70.77±4.57 0.052 0.623 20/20 19/9

Albumin (g⁄l)
(36–54) 41.70±3.01 37.95±3.20 39.10±3.22 37.90±4.27 0.015 0.973 20/20 17/8

Glucose (mmol⁄l)
(3.3–6.1) 6.07±2.51 5.23±1.61 5.86±1.79 6.62±1.63 0.756 0.034 20/20 20/10

Total cholesterol (mmol⁄l)
(3.8–5.7) 5.66±1.23 5.04±1.06 5.03±1.19 5.08±1.02 0.110 0.912 20/20 20/10

HDL-cholesterol (mmol⁄l)
(1.1–1.6) 1.62±0.29 1.46±0.28 1.30±0.36 1.15±0.22 0.003 0.005 20/20 20/10

LDL-cholesterol (mmol⁄l)
(2.0–4.0) 3.36±1.19 2.76±0.88 2.99±0.96 3.16±0.78 0.299 0.234 19/19 20/10

TRG (mmol⁄l)
(0.6–2.0) 1.60±0.76 1.90±1.26 1.65±1.10 1.69±0.69 0.884 0.633 20/20 20/10

Apo A-I (g⁄l)
(1.19–2.12) 1.33±0.21 1.32±0.16 1.15±0.19 1.09±0.08 0.010 0.0003 17/20 20/10

Apo B (g⁄l)
(0.72–1.45) 1.03±0.27 0.91±0.26 0.89±0.22 0.99±0.19 0.103 0.377 17/20 20/10

Klimov 
(1.0–4.5) 2.67±1.17 2.57±1.11 3.20±1.57 3.58±1.02 0.244 0.023 19/20 20/10

LDL⁄HDL
(1.0–3.0) 2.19±1.04 1.93±0.77 2.52±1.07 2.87±0.78 0.335 0.004 19/19 20/10

ApoA⁄ApoB
(1.4 – 1.6) 1.42±0.70 1.59±0.65 1.37±0.46 1.14±0.21 0.800 0.043 17/20 20/10

CRP (mg/l)
(0–10.0) 1.27±2.23 3.92±8.17 15.02±27.00 18.10±30.22 0.029 0.057 20/20 18/9

A⁄G 1.33±0.18 1.39±0.20 1.26±0.36 1.26±0.32 0.503 0.209 20/20 18/10

Albumin (%)
(52–65) 56.76±3.23 58.35±4.25 56.26±4.65 55.03±6.67 0.703 0.107 20/20 18/10

Alpha 1 globulin (%)
(2.0–4.0) 3.00±0.44 3.02V0.37 3.72v1.06 3.73v0.83 0.008 0.002 20/20 18/10

Alpha-2 globulin (%)
(9.0–14.0) 12.72±1.60 12.18±1.79 12.74±2.36 11.85±2.61 0.970 0.686 20/20 18/10

Beta globulin (%)
(9.0–15.0) 11.65±1.56 11.790±1.67 12.23±1.44 12.03±1.44 0.241 0.695 20/20 18/10

Gamma globulin (%)
(10.0–19.0) 15.83±3.22 15.18±3.05 15.03±3.23 17.36±6.56 0.458 0.220 20/20 18/10

Normal physiological ranges (in parenthesis) were provided by the Department of Clinical Biochemistry, Faculty Hospital Brno.

tumor pain and the ratio of atherosclerotic indexes, 
which were higher in patients with tumor pain.

Schell et al. (2008) reported a decrease of HDL 
cholesterol levels with increasing pain in people with 
benign pain (e.g. neck, shoulder, upper and lower back 
pain). They also found decreasing levels of albumin, 

growth hormone, and neuropeptide Y in blood plasma. 
These same values were seen to increase as pain levels 
decreased.

There was no difference in the intensity of pain evalu-
ated on the VAS scale among patients with chronic non-
tumor pain and tumor pain. We expected patients with 



641Neuroendocrinology Letters  Vol. 30  No. 5  2009  •  Article available online: http://node.nel.edu

Biomarkers of chronic and cancer pain

tumor pain to experience greater pain intensity before 
the onset of treatment than non-oncological patients. 
While this expectation is quite common, we were not 
able to confirm it in our sample of patients. This widely 
held expectation was seen in the work of Cohen et al. 
(1986), however, only for the evaluation of subjective 
pain discomfort and for pain intensity; although, emo-
tional distress was significantly higher in patients with 
chronic benign pain. We did not follow the affective 
aspects of pain in our work. However it is well estab-
lished that pain suffering is closely related to psycho-
neuro-immunological changes (Rittner et al. 2008).

Perhaps because the oncological group of patients 
was small and half of the patients died prior to the 
end of the study, but some of our results seem create 
more questions than answers. One such question con-
cerns whether the higher mortality seen in the tumor 
pain patients not treated with antidepressants is just 
a coincidence (although statistically non significant) 
or whether this may suggest some protective function 
associated with antidepressants. Meta-analyses from 
human and animal studies have concluded that several 
antidepressants can have a significant positive associa-
tion with cancer protection, while others have shown a 
negative association (Steingart and Cotterchio, 1995); 
the effect seems to depend on the type of cancer and the 
type of antidepressant used.

Some observations in the research reports indicate 
that in depressed patients treated with antidepres-
sants a normalization of immune parameters occurred; 
increased parameters were lowered whereas depressed 
immune parameters were restored (Neveu and Cas-
tanon, 1999). Similar normalization of serum cortisol 
was shown in patients with sever chronic pain treated 
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Fig. 1. Changes in pain intensity before and during treatment. 
Patients with chronic nonmalignant pain – solid line; patients 
with malignant pain – dashed line. Vertical bars denote 0.95 
confidence intervals.

Fig. 3. Gamma globulin levels in patients with chronic 
nonmalignant and malignant pain associated with 
antidepressant treatment.  
In both groups, patients treated with antidepressants had 
higher levels of gamma globulin: in non-oncological patients 
only marginally (KW-H(1,20) = 2.7, p=0.09), in oncological 
patients significantly higher (KW-H(1,18) = 7.0, p=0.008).

Fig. 2. Pain intensity (VAS score) at the end of treatment. 
Patients with chronic nonmalignant and malignant pain treated 
with antidepressants (right columns) patients treated without 
antidepressants (left columns). Antidepressants marginally 
reduced pain in cancer patients (KW-H(1,11) = 2.9, p=0.08).

with opioids (Tenant and Hermann, 2002). From these 
clinical studies, it is not possible to conclude whether 
antidepressants and/or opioids have a direct effect on 
the immune and endocrine system or whether their 
putative effects result from improved mood.

Lieb (2008) has described the multifaceted value 
of antidepressants in cancer therapeutics. Among the 
mechanisms of carcinogenesis he focused mainly on 
up regulation of cyclooxygenase and changes in pros-
taglandins, oncogene synthesis and expression, viral 
activation, signal disruption, accelerated cell replica-
tion, failed apoptosis, tumor initiation and promotion, 
angiogenesis, metastasis, immunosuppression, and 
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autoimmunity. In our patients treated with antidepres-
sants, the level of gamma globulin was higher when 
compared to non treated patients. Van Hunsel et al. 
(1996) followed patients with depression and found, 
as we did, that depressive patients have low levels of 
gamma globulin, which rose significantly, after antide-
pressant treatment.

Conclusions

We observed that biochemical values in patients with 
tumor pain are more similar to those of chronic non-
tumor pain patients than to patients with acute pain. 
These results show that routine biochemical markers 
differ between patients with acute pain and patients 
with chronic pain. We also found that underlying dis-
ease, causing the pain, has a significant influence; this 
is especially true in patients with chronic pain. We 
expected differences between tumor and non-tumor 
pain, but this was not fully confirmed by our results. It 
appears that the chronic nature and duration of pain is 
more important than whether the pain is tumor pain or 
non-tumor pain.
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