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Abstract
Contrary to a clinical aphorism that early head and neck cancer is painless, we show that patients
who develop head and neck cancer experience significant pain at the time of initial diagnosis. We
compared orofacial pain sensitivity in groups of patients with normal oral mucosa, oral precancer
and newly diagnosed oral cancer. The UCSF Oral Cancer Pain Questionnaire was administered to
these patients at their initial visit, before being prescribed analgesics for pain and before any
treatment. In contrast to those with biopsy-proven normal oral mucosa and oral precancer, only
oral cancer patients reported significant levels of spontaneous pain and functional restriction from
pain. Moreover, oral cancer patients experienced significantly higher function-related, rather than
spontaneous pain qualities. These findings suggest an important predictor for the transition from
oral precancer to cancer may be the onset of orofacial pain that is exacerbated during function.
Screening patients who have new-onset orofacial pain may lead to a diagnosis of early, resectable
head and neck cancer and may improve quality of life and survival for head and neck cancer
patients.

1. Introduction
The overall 5-year survival rate for head and neck cancer has not significantly improved in
the last 40 years [17]. The most important goal is to establish an early diagnosis at the first
signs and symptoms of disease [20]. Early diagnosis is the most important determining
factor for improving head and neck cancer survival since overall rates as high as 80–90% for
the first stages of head and neck cancer may be achieved. The clinical presentation of head
and neck cancer in advanced stages often demonstrates characteristic signs of malignancy
[1]. In contrast, the clinical presentation of early malignant lesions, usually in the form of an
erythroleukoplakic lesion, is often indistinguishable from precancerous lesions. Although
pain is often recognized as an important symptom, a clinical aphorism has been that early
head and neck cancers often go unnoticed because they are asymptomatic and pain usually
arises only when the cancer has reached a remarkable size [1,22].
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The purpose of the present study is to compare orofacial pain sensitivity in groups of
patients with normal oral mucosa, oral precancer and newly diagnosed oral cancer. Here we
demonstrate that patients who develop head and neck cancer experience significant pain at
the time of initial diagnosis.

2. Methods
2.1. Study population and design

A cross-sectional analysis of 44 oral cancer patients (25 men, 19 women; mean age=63±2),
20 oral precancer patients (12 men, 8 women; mean age=65±3), and 21 normal oral mucosa
patients (9 men, 12 women; mean age=41±4) referred to the University of California San
Francisco (UCSF) Department of Oral & Maxillofacial Surgery from 2002–2010 were
studied. The normal oral mucosa patients were healthy volunteers undergoing dental
procedures such as wisdom tooth extraction or dental implant placement. The research
protocol is in compliance with the Committee on Human Research at the University of
California San Francisco.

Inclusion criteria for patients in the study were (1) untreated, biopsy-proven normal oral
mucosa, oral precancer, or oral squamous cell carcinoma (SCC) and (2) comprehension of
the UCSF Oral Cancer Pain Questionnaire [7,13]. Exclusion criteria were (1) having a
diagnosed psychiatric condition, (2) addiction to pain medications or recreational drugs, and
(3) having taken pain medications in the previous 6 months.

2.2. Clinical examination and oral biopsy
A comprehensive history and examination was performed on all patients to rule out a history
of medical conditions or disorders that may alter their pain perception. Oral biopsy
specimens of all patients meeting the inclusion criteria were evaluated by the UCSF
Department of Pathology and the Oral Pathology Biopsy Service for diagnostic confirmation
of normal oral mucosa, precancer (proliferative verrucous leukoplakia, dysplasia, carcinoma
in situ) or oral cancer (SCC). Demographic information was also collected for each patient
including age, sex, racial/ethnic identity, current smoking and high-risk drinking status, oral
lesion location and tumor size.

2.3. UCSF Oral Cancer Pain Questionnaire
The UCSF Oral Cancer Pain Questionnaire was administered to patients meeting the
inclusion criteria at their initial visit, before being prescribed analgesics for any orofacial
pain and before any treatment. This questionnaire, consisting of 8 questions on a visual
analog scale of 0–100 mm, has been validated previously [7,13]. Briefly, the 8 questions
differentiate spontaneous and function-related pain and determine the quality of pain.
Questions 1 through 6 examined the intensity, sharpness, and aching nature of orofacial
pain. Question 7 focused on the degree of sensitivity to touch. Question 8 determined the
level of functional restriction as a result of orofacial pain. Patients were instructed to place a
vertical line along the scale to approximate their orofacial pain level (if any).

2.4. Data analysis
Data are reported as mean ± SE. RM ANOVA, RM ANOVA-on-ranks, Wilcoxon signed
rank, Fisher exact and Pearson correlation tests were used as appropriate (P<0.05 considered
to reflect statistical significance). Current smoking was defined as any cigarette use within
the past 30 days. High-risk drinking was defined for men as more than 2 drinks/day, more
than 14 drinks/week and/or more than 4 drinks/occasion; for women and patients >65 years
of age, as more than 1 drink/day, more than 7 drinks/week and/or more than 3 drinks/
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occasion (if >65 years, more than 1 drink/occasion) as per the Substance Abuse and Mental
Health Services Administration (SAMHSA) guidelines.

3. Results
A total of 44 oral cancer patients (25 men, 19 women; mean age=63±2, range 32–90), 20
oral precancer patients (12 men, 8 women; mean age=65±3, range 35–82), and 21 normal
oral mucosa patients (9 men, 12 women; mean age=41±4, range 17–72) were studied. Of the
44 oral cancer patients, racial/ethnic identity was comprised of 82% Caucasian, 9% Asian,
2% Middle Eastern, and 7% Hispanic; 31% were current smokers and 13% were high-risk
drinkers. Of the oral precancer patients, 65% Caucasian, 20% Asian, 5% Middle Eastern,
and 10% Hispanic; 15% were current smokers and 10% were high-risk drinkers. Finally, of
the normal oral mucosa patients, 62% Caucasian, 33% Asian, and 5% Middle Eastern; 19%
were current smokers and 5% were high-risk drinkers. There was no significant difference in
the incidence of smoking or drinking status between the oral cancer, oral precancer and
normal oral mucosa patient groups (P>0.05, Fisher exact test).

3.1. Clinical examination and oral biopsy
The oral precancer lesions were clinically indistinguishable from the oral cancer lesions-
both demonstrating an erythroleukoplakic appearance (Figure 1). Upon review of the oral
biopsy specimens, 44 patients had oral cancer (44 SCC), 20 patients had oral precancer (3
mild dysplasia, 1 moderate dysplasia, 14 severe dysplasia/carcinoma in situ, 2 proliferative
verrucous leukoplakia) and 21 patients had normal oral mucosa. Both oral precancers and
oral cancers demonstrated dysplastic epithelium with varying degrees of cellular and nuclear
pleomorphism. However, the characteristic histopathological feature distinguishing oral
precancer from cancer was the invasion of dysplastic epithelial cells into the underlying
tissues (Figure 2).

3.2. Orofacial pain
Oral cancer patients reported significantly greater spontaneous and function-related pain in
comparison to both normal oral (P<0.001) and oral precancer patients (P<0.001, RM
ANOVA-on-ranks, Dunn’s; Figure 3). The majority of the oral cancer patients presented
with moderate to severe pain (84%, >30 mm) at the time of initial diagnosis. In contrast, oral
precancer pain levels were not significantly different from patients with normal oral mucosa
(P>0.05, RM ANOVA-on-ranks).

Oral cancer patients also experienced a significantly higher function-related, rather than
spontaneous, pain intensity (P<0.001, questions 1 and 2), sharpness (P<0.001, questions 3
and 4), and aching (P<0.05, questions 5 and 6) (Wilcoxon signed rank test). Oral cancer
patients had tumors of varying sizes (27% T1, 50% T2, 8% T3 and 15% T4). Consistent
with our previous findings in head and neck cancer patients [6], there was no correlation
between tumor size and reported pain levels or functional restriction (P>0.05, Pearson
correlation test).

4. Discussion
Head and neck cancer patients reported significant spontaneous and function-related pain at
the time of initial diagnosis in the present study. In contrast to those patients with oral
precancers that were clinically indistinguishable from oral cancer, only oral cancers resulted
in significant levels of orofacial pain. In addition, the character of cancer pain was markedly
more function-related rather than spontaneous in nature. These findings suggest an
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important predictor for the progression of oral precancer to cancer may be the onset of
orofacial pain that is exacerbated during function.

The present study provides some insight into the involved peripheral nociceptive
mechanisms in head and neck cancer pain. Peripheral sensitization in cancer patients has
been proposed to occur through cancer invasion and/or compression of surrounding tissues
[2,3,6,27]. Since the distinguishing histopathological characteristic between non-painful oral
precancer and painful oral cancer is tissue invasion, the present findings suggest a role for
malignant epithelial cell invasion into underlying tissues in head and neck cancer pain.
However, the lack of correlation between oral cancer size and patient pain levels in the
present study suggests that head and neck cancer pain is likely independent of any possible
cancer compression or mass-related effect.

Head and neck cancer pain is more likely to be a result of the sensitization and/or activation
of primary nociceptive afferents by mediators liberated by the cancer and associated cells
[9,10,15]. The intense spontaneous sharp and aching pain reported by oral cancer patients
suggests the sensitization and/or activation of both Aδ and C fibers in head and neck cancer
pain [4,21]. Since the intensity, sharpness and aching nature of cancer pain is exacerbated by
mechanical function, our results further suggest that peripheral mechanisms involving
mechanical allodynia and hyperalgesia contribute to head and neck cancer pain.

Cancer and associated cells in the cancer microenvironment may release a variety of pain
mediators including ATP, bradykinin, cytokines, chemokines, nerve growth factor,
prostaglandins and several vascular factors including endothelin 1 and vascular endothelial
growth factor to either excite or sensitize nociceptive primary afferents
[8,10,12,18,19,24,28,29,30]. Arachidonic acid metabolites, such as prostaglandins, are
produced by various cancers, including head and neck cancer [12,24], and are well known to
sensitize nociceptive primary afferents [5,25,26]. However, the poor efficacy of medications
such as nonsteroidal anti-inflammatory drugs (NSAIDs) and cyclo-oxygenase-2 (COX-2)
inhibitors in alleviating cancer pain [16,23] suggests that other peripheral mediators
contribute to the severity of cancer pain. Indeed in a recent study involving rat models of
orofacial cancer, Harano and colleagues have demonstrated that orofacial cancer pain is not
significantly mediated by cancer-induced peripheral inflammation [11].

Using a novel mouse cancer model, we have recently shown that mediators released by
human head and neck cancer cells alone are sufficient to produce similar mechanical
hypersensitivity symptoms in animals that occur in humans secondary to cancer pain [14]. In
particular, trypsin and related serine proteases released by human head and neck cancer cells
generate mechanical allodynia via a protease-activated receptor 2 (PAR2)-dependent
mechanism. Mast cells within the cancer microenvironment also potentiate and prolong this
serine protease-induced cancer pain behavior. Thus the continual release of various pain
mediators, including serine proteases, from cancer and associated cells may produce
ongoing activation of primary nociceptive afferents and contribute to spontaneous pain and
persistent mechanical allodynia in head and neck cancer patients.

5. Conclusion
Earlier recognition of symptoms of head and neck cancer may improve early detection of the
cancer itself. Of the constellation of symptoms, recent onset of significant orofacial pain,
particularly if exacerbated during function, may be the best clue and should be included in
the clinical assessment of patients to identify a high-risk group to apply screening strategies
for early cancer detection. Further investigations into the correlations between pain
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parameters and the specific biology of head and neck cancer may improve quality of life and
survival for head and neck cancer patients.
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Figure 1. Oral precancer and oral cancer are clinically indistinguishable
Precancerous lesions such as carcinoma in situ affecting the lateral tongue (A1), floor of
mouth (A2), and buccal mucosa (A3) are not distinguishable from their respective squamous
cell carcinoma counterparts (B1, B2, and B3) on physical examination alone. Black circles
indicate approximate extent of oral lesion.
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Figure 2. Oral precancer and oral cancer may be distinguished by histopathological signs of
invasion
(A) Normal oral mucosa showing stratified squamous epithelium with normal
cytoarchitecture. (B) Precancer (carcinoma in situ) with dysplastic changes extending the
entire thickness of the epithelium. The main histopathological sign distinguishing oral
precancer (B) from oral squamous cell carcinoma (C) is invasion of dysplastic epithelial
cells through the basement membrane into the underlying tissues. Black scale bar = 100μm.
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Figure 3. Orofacial pain distinguishes oral precancer from cancer at the time of diagnosis
Mean visual analogue scale pain scores with standard error for each of the eight questions
were compared between normal oral mucosa, oral precancer and oral cancer patients. Oral
cancer patients experienced marked spontaneous and function-related pain in comparison to
the relatively pain-free normal oral (***P<0.001) and oral precancer patients (***P<0.001,
RM ANOVA-on-ranks, Dunn’s).
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