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Abstract

Pain is a common symptom in patients with cancer, including those with head and neck cancer (HNC). While studies suggest

an association between chronic inflammation and pain, levels of inflammatory cytokines, such as C-reactive protein (CRP) and

tumor necrosis factor-alpha (TNF-a), have not been correlated with pain in HNC patients who are not currently undergoing

anticancer treatment. The purpose of this study was to examine the relationship between these inflammatory markers and

perceived pain in HNC patients prior to anticancer therapy. The study group consisted of 127 HNC patients and 9 healthy

controls. Pain was assessed using the Brief Pain Inventory (BPI), and serum levels of CRP and TNF-a were determined using

the particle-enhanced turbidimetric immunoassay (PETIA) and ELISA techniques, respectively. Patients experiencing pain had

significantly higher levels of CRP (P,0.01) and TNF-a (P,0.05) compared with controls and with patients reporting no pain.

There were significantly positive associations between pain, CRP level, and tumor stage. This is the first study to report a

positive association between perceived pain and CRP in HNC patients at the time of diagnosis. The current findings suggest

important associations between pain and inflammatory processes in HNC patients, with potential implications for future

treatment strategies.
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Introduction

Clinical and epidemiological studies suggest an associa-

tion between chronic inflammation and certain types of

cancer (1), including cancer of the head and neck (HNC) (2).

The tumor microenvironment is rich in cytokines and other

inflammatory mediators that influence immunosuppression,

cancer cell growth, tissue remodeling, and angiogenesis (3).

Cancer and immune cells produce and secrete mediators

that activate and sensitize primary afferent nociceptors,

resulting in pain (4).

Pain is a common symptom in cancer patients, including

those with HNC (5,6). Inflammation is widely recognized as

both a cause of pain and a possible therapeutic target for

treating pain (7). Inflammatory mediators such as proin-

flammatory cytokines and C-reactive protein (CRP) can

modulate nociception (8) and contribute to the amplification

and persistence of pain in cancer patients (4,9).

CRP is an acute-phase protein and a marker of

inflammation. The synthesis of CRP in hepatocytes may

be regulated by proinflammatory cytokines such as

interleukin-1 (IL-1), IL-6, and tumor necrosis factor-alpha

(TNF-a). CRP and proinflammatory cytokines are present

at increased levels in various malignancies (10). An

association between elevated serum CRP, TNF-a and IL-

6 has been demonstrated in HNC patients (11-13), and

these inflammatory mediators may be a source of pain

around the tumor site (5). However, there have not been

any published research studies associating pain with CRP

and TNF-a levels in HNC patients prior to anticancer

therapy, a time when clinicians might employ therapeutics

to prevent or reduce the occurrence of persistent pain.

Thus, the purpose of this study was to evaluate the

association between serum CRP, TNF-a levels, and
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perceived pain in HNC patients prior to anticancer

therapy.

Material and Methods

Patients
This study was approved by the Institutional Ethics

Committee for human subjects (UFES #99.242/2012).

We evaluated 127 patients with primary head and neck

squamous cell carcinoma who had undergone medical

examinations at the Santa Rita de Cassia Hospital,

AFECC, Vitória, ES, Brazil, and 9 healthy volunteers as

controls. Patients were excluded if they had already been

treated for cancer, had recurrent malignant disease, were

unable to speak Portuguese, had impaired functional

status that prevented them from answering the ques-

tionnaires, or were younger than 18 years of age. Clinical

data (gender, age, tumor location, and tumor stage) were

obtained from medical records. Self-reported ‘‘average

pain’’ in the past 24 h, as assessed using the Brief Pain

Inventory (BPI) (14), was used to allocate the cancer

patients to ‘‘pain’’ or ‘‘no pain’’ groups.

Inflammatory marker assays
Blood samples were collected and centrifuged at 46C

and 1000 g for 15 min. The sera were immediately frozen

in liquid nitrogen for storage at ––806C until analysis of

CRP and TNF-a concentrations.

The serum concentrations of CRP were determined

using a Dimension1 RxL Max1 autoanalyzer (Siemens

Healthcare Diagnostics, Germany) using the CRP extended

range (RCRP) Flex1 reagent cartridge (Siemens

Dimension1, USA), which is based on the particle-

enhanced turbidimetric immunoassay (PETIA) technique.

The results are reported in mg/L.

Serum TNF-a concentrations were determined using

standard ELISA protocols according to the kit manufac-

turer’s specifications (Human TNF-a UltraSensitive kits,

Invitrogen-BioSource International, USA). The results are

reported in pg/mL.

Statistical analysis
Data are reported as means±SD. Mean values were

compared using one-way analysis of variance (ANOVA)

followed by the Fisher least significant difference post hoc
comparison. Spearman correlations were used to deter-

mine associations between self-reported pain and inflam-

matory markers. P,0.05 was considered to be

statistically significant. The statistical analyses were

performed using SPSS Statistics for Windows, Version

17.0 (SPSS Inc., USA).

Results

The main features of our series of 127 HNC patients

are summarized in Table 1. The mean age of the patients

was 57.9 years, and most were males. The most frequent

primary tumor site was the oral cavity, the majority of the

patients had advanced cancers (stages T3 and T4), and

59.1% reported the presence of pain.

Figure 1 reports serum CRP and TNF-a levels in

untreated HNC patients with pain, with no pain, and controls.

The median serum CRP levels were higher in patients with

pain (n=35, P,0.01) than in those not experiencing pain

(n=54, P,0.01), or in controls (n=9, P,0.01). The median

serumTNF-a levels were higher in patients with pain (n=32,

P,0.05) than in those not experiencing pain (n=22,

P,0.05), or in controls (n=9, P,0.05).

Spearman correlations (Table 2) revealed positive

associations between pain, CRP (P,0.05) and tumor

stage (P,0.01). TNF-a levels were positively correlated

with pain, but the degree of association was not

significant.

Discussion

In this cohort of HNC patients prior to anticancer

therapy, the levels of TNF-a and CRP in those reporting

pain were higher than the levels observed in patients

without pain, as well as in control subjects. The presence

of pain was positively and significantly associated with

both CRP level and tumor stage. Normally, cancer pain is

classified into three categories: pain caused by tumor

growth, pain caused by treatment, and pain unrelated to

cancer (15). We excluded pain caused by treatment

because the evaluation of our patients was performed

before any type of cancer treatment. We also excluded

pain unrelated to cancer because all patients reported

pain related to the lesion. Tumor growth may cause pain

Table 1. Clinical and epidemiological features.

Age (years)

Range 21-89

Means ± SD 57.9 ± 12.3

Gender

Female 16 (12.6)

Male 111 (87.4)

Primary tumor location

Oral cavity 77 (70.6)

Oropharynx 28 (22.0)

Hypopharynx 4 (3.1)

Larynx 18 (14.2)

Tumor stage

Small (T1 and T2) 55 (43.3)

Large (T3 and T4) 72 (56.7)

Perceived pain

Pain 75 (59.1)

No pain 52 (40.9)

Data are reported as number with percent in parentheses, unless

otherwise indicated, for 127 head and neck cancer patients.
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by compressing and invading surrounding tissues, includ-

ing muscle, bone, and peripheral nerves. Additionally, the

head and neck site has a rich blood supply and a large

number of nerves that may affect tumor growth and pain

(15,16).

Studies suggest that inflammation caused by tumor-

induced mediators such as CRP and cytokines (4,9) may

be a potential cause of cancer-related pain. Although the

exact molecular mechanism by which cytokines influence

pain is not fully elucidated, studies suggest that cytokines

released during inflammation and tissue damage, as in

the case of cancer, modify the activity of nociceptors and

thus contribute to hyperalgesia (17).

Studies have shown an increase in preoperative CRP

levels in patients with squamous cell carcinoma of the

head and neck (13,18) and reveal that TNF-a can

stimulate the production of CRP in hepatocytes (19).

However, no studies have explored the relationship

between the inflammatory activity of these mediators

and pain in HNC patients prior to cancer treatment. A

significant, positive correlation between cancer pain and

CRP has been demonstrated (9), but not in HNC patients.

Recently, in breast cancer, higher levels of CRP were

detected in women with pain than in women without pain,

prior to anticancer therapy (20). Furthermore, other

studies have found a relationship between higher CRP

level and worse overall outcome in patients with oral

squamous cell carcinoma and HNC (13,18). Here, we

show for the first time that the presence of pain in patients

with HNC is positively associated with CRP level.

In this study, TNF-a levels were higher in patients with

pain, but the correlation was not significant. However,

TNF-a stimulates immune cells to produce nociceptive

agents that interact with primary afferent nociceptors in

the cancer microenvironment (4), and there is evidence in

the literature regarding the involvement of TNF-a in tumor

progression (11,21) and in the development of pain in

some cancers (4,22).

Clinical studies in HNC show increased levels of IL-1b,
IL-6, IL-10, and TNF-a, and decreased levels of IL-12

(11,12,23). A more recent study found high levels of

cytokines, including TNF-a, in the saliva of HNC patients

treated with radiotherapy (24), but that result was not

related to pain, and the study was conducted during

administration of antineoplastic therapy. In another study,

no significant differences were found in the levels of

TNF-a in the serum and saliva of oral cancer patients

compared with controls, but high levels of IL-1b and IL-6

were detected (25).

Furthermore, TNF-a has been associated with other

cancer symptoms such as fatigue, insomnia, and cogni-

tive impairment (26,27). Given that treatment with

cisplatin, paclitaxel or radiation increases levels of

proinflammatory cytokines such as TNF-a and IL-1b (28-

30), clinicians might employ interventions to reduce the

symptoms prior to anticancer therapy.

In animal models, the administration of the proin-

flammatory cytokines TNF-a and IL-1b induces pain

behavior (31), and treatment with anti-inflammatory

cytokines or proinflammatory cytokine inhibitors has been

shown to reduce pain (32,33). Human studies show a

possible pathogenic role of cytokines in pain. Samples of

different fluids (blood and cerebrospinal fluid) and tissue

(skin and nerve) indicate that an imbalance between

proinflammatory and anti-inflammatory cytokines is a

potential factor for pain (34). Elevated IL-2 and TNF-a

mRNA levels have been found in patients with painful

neuropathy (35), while mRNA levels for the anti-inflam-

matory cytokines IL-4 and IL-10 were reduced (36).

Additionally, some cytokines released by monocytes and

Figure 1. Serum C-reactive protein (CRP) and tumor necrosis

factor-alpha (TNF-a) levels in head and neck cancer (HNC)

patients with pain, no pain, and controls. *P,0.05, **P,0.01

compared with HNC no pain and controls (one-way ANOVA and

the Fisher test).

Table 2. Relationship between pain, CRP and TNF-a in patients

with head and neck cancer.

Pain CRP TNF-a Tumor stage

Spearman correlation 0.222* 0.165 0.423**

Significance (2-tailed) 0.037 0.233 0.000

Number of patients 89 54 127

CRP: C-reactive protein; TNF-a: tumor necrosis factor-alpha.

* P,0.05, **P,0.01 (Spearman correlation).
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macrophages, such as IL-6, IL-1b, and TNF-a, activate
hepatocytes and induce the hepatic acute phase

response, leading to the synthesis of various serum

proteins, such as CRP (5,37).

In this study, the association of pain with CRP and

TNF-a may have been attenuated by pharmacotherapeu-

tic agents administered according to the World Health

Organization’s analgesic ladder for cancer pain manage-

ment, as TNF-a levels can be influenced by certain

medications. However, none of our patients were treated

with anticytokine therapy, such as cytokine receptor

antibodies, cytokine signaling inhibitors, TNF-a blockers,

or thalidomide.

In conclusion, this is the first study to report a positive

association between perceived pain and CRP in HNC

patients at diagnosis, prior to any course of anticancer

therapy. Further research is needed to confirm these

findings and to determine the functional effects of elevated

CRP and TNF-a on pain modulation. Overall, the current

findings suggest an important association between pain

and inflammatory processes in HNC patients, with potential

implications for future treatment strategies.
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