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Abstract

Survival outcomes in patients with squamous cell carcinoma of the head and neck (HNSCC) vary
by extent of disease, behavioral, and socioeconomic factors. We assessed the extent to which pre-
treatment pain influences survival in 2340 newly diagnosed patients with HNSCC, adjusting for
disease stage, symptoms, pain medications, comorbidities, smoking, alcohol consumption, age,
sex, and race/ethnicity. Patients rated their pain at presentation to the cancer center (0= ‘no pain’
and 10= ‘pain as bad as you can imagine’). Survival time was calculated from the date of
diagnosis to the date of death of any cause or last follow-up. Five year overall survival was
calculated for all the variables assessed in the study. Severe pain (=7) was most prevalent among
those with oral cancer (20.4%; pharynx=18.8%; larynx=16.1%) and significantly varied by tumor
stage, fatigue severity, smoking status, comorbid lung disease, and race (all p<0.05) across cancer
diagnoses. Overall 5 year survival varied by pain for oral (severe pain=31% versus non-
severe=52%; p<0.001) and pharyngeal cancer (severe pain=33%, versus non-severe=53%;
p<0.001). Multivariable analyses showed that pain persisted as an independent prognostic factor
for survival.

Pain reported prior to treatment should be considered in understanding survival outcomes in
HNSCC patients.

Perspective—Pre-treatment pain was an independent predictor of survival in a large sample of
HNSCC patients even after accounting for TNM stage, fatigue, age, race/ethnicity, smoking and
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alcohol intake. Therefore, symptoms at presentation and pre-cancer treatment are important factors
to be considered in understanding survival outcomes in HNSCC patients.
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Introduction

Head and neck cancer is the sixth most common malignancy worldwide. Squamous cell
cancer of the head and neck (HNSCC) is the most common head and neck cancer that
includes cancers of the oral cavity (including the gums and tongue), pharynx, and larynx. In
the US, more than 53,640 men and women are expected to be diagnosed with head and neck
cancers in 20131, Relative to certain other cancers, patients with HNSCC have a better
prognosis. For all stages combined, the 5-year survival rates for oral and pharyngeal cancers
and laryngeal cancers are 56% and 62%, respectivelyl. However, an estimated two thirds
present with advanced stage of disease and with debilitating symptoms that impact their
quality of life.

Pain is often one of the first signs of head and neck cancer. Head and neck cancer pain may
be due to the disease itself (tumor) or as a consequence of therapy. Nociceptive pain may
arise due to the destructive lesions, and direct bone and soft tissue involvement?2; and
neuropathic pain may arise due to invasion of nerves, the inflammatory milieu adjacent to
nerves and as toxicity of treatment622, Acute pain due to therapy is extremely common
secondary to ablative surgery, chemo- and/or radiotherapy1-24. Up to 80% of patients with
head and neck cancer report pain during treatment, and for some 36%, pain persists beyond
treatment®. To date, limited data exist on pre-treatment pain and its influence on survival
outcomes in head and neck cancer patients.

Tumor (T), nodal (N) and metastasis (M) stage (TNM stage) is the single most important
prognostic factor and treatment determinant in HNSCC. Patients diagnosed in early stages
have better prognosis and health outcomes. Behavioral factors such as alcohol intake and
smoking0:31 have also been shown to influence survival outcomes. While a number of
studies also suggest the importance of pain as an independent predictor of survival in
patients with HNSCC and other cancers#19, the limited sample size and a lack of
comprehensive assessment of clinical (disease stage, comorbid conditions) behavioral
(smoking, alcohol consumption) and epidemiological (age, sex, race/ethnicity) factors
known to influence survival in HNSCC, limit the generalizability of study findings.

In the present study, we used a large sample of patients (n=2340) with HNSCC to assess the
importance of pain, reported at diagnosis, prior to cancer treatment, in predicting survival
outcomes. We assessed the relative importance of pain on survival by including the
assessment of clinical (disease stage, comorbid conditions) behavioral (smoking, alcohol
consumption) and epidemiological (age, sex, race/ethnicity) factors known to influence
survival in HNSCC. Because studies show a high correlation between pain, depression, and
fatigue, we also included these symptoms as covariates in our analyses. In the United States,
the treatment and management of patients with cancer is based on a multidisciplinary
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approach, with symptom control as an important aspect in the care of patients with HNSCC.
Therefore, understanding the extent to which pre-treatment pain reported at presentation
impacts survival outcomes has important clinical significance.

Materials and Methods

Study Population

The study population included newly diagnosed patients with squamous cell carcinoma of
the head and neck presenting to The University of Texas M.D. Anderson Cancer Center
(MDACC) from January 1, 2000 through December 31, 2009 who received treatment at
MDACC for HNSCC. This study was approved by the Institutional Review Board at
MDACC.

Epidemiology and clinical data collection at presentation to the Cancer Center
—Trained M.D. Anderson staff administered questionnaires to patients presenting at the
Cancer Center, prior to being seen by clinicians. The questionnaire was developed by an
interdisciplinary team of scientists representing the areas of epidemiology, behavioral
science, medical oncology, etc. The overarching goal was to understand the epidemiology of
the different types of cancers and the underlying factors associated with and risk factors for,
cancer, cancer progression, and survival outcomes. Many questionnaire items were
considered, but the committee was very cognizant of patient burden, and the final set of
questions was decided through consensus. Clinical data including stage of disease were
abstracted from patients' charts.

Outcome Variable

Survival time was calculated from the date of diagnosis to the date of death of any cause or
last follow-up. Patients who were lost to follow-up or were still alive at the end of the
follow-up period were censored. Five year overall survival was calculated for all the
variables assessed in the study.

Main Independent Variable—Patients were first asked “have you experienced pain in
the last week?” and “circle the number that best describes the pain you are having” on an 11-
point numeric scale, (0= ‘no pain’ and 10= “pain as bad as you can imagine’), a
recommended standard for pain assessment in clinical studies of pain®.

Other Co-factors (potential confounders)

Clinical factors included the extent of disease using AJCC TNM and comorbid conditions.
TNM classification, which includes information on the primary tumor (T), lymph node
involvement (N), and distant metastasis (M) were abstracted from medical records by
trained and certified tumor registrars. Comorbidities reported by the patients included heart
disease, stroke, hypertension, diabetes, and lung disease.

Because studies show a high correlation between pain, depression, and fatigue, we also used
the following items “during the past 4 weeks, have you felt downhearted and blue?” and
“during the past 4 weeks, did you have a lot of energy?” to assess depressed mood and
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fatigue respectively. These items, with a 6-point Likert response format, were taken from the
SF-12. The SF-12 is a validated measure of quality of life and is extensively used in studies
of cancer patients34-37,

Behavioral factors included smoking and alcohol intake. Smoking and alcohol intake were
assessed at time of presentation and prior to treatment. Smoking was categorized as never
smoker; former smoker and current smoker. Alcohol intake was classified as never, social,
moderate, and heavy alcohol use. Heavy alcohol use was defined as 4 or more drinks per
day for males and females. Alcohol use was classified as moderate if a patient reported
alcohol consumption of greater than 14 drinks per week for males, and 7 drinks per week for
females!® but less than 4 or more drinks per day.

Epidemiological factors included age (at cancer diagnosis), sex, and race/ethnicity. Race/
ethnicity was defined as Non-Hispanic White, Non-Hispanic Black, and Hispanic.

Pain Medications—Charts were reviewed for information on pain medications reported
by patients at presentation to the Cancer Center. We used the World Health Organization
(WHO) three-step ladder to categorize the medications, as follows: Level 1 includes non-
opioid medication such as aspirin, acetaminophen, or non-steroidal anti-inflammatory drugs;
Level 2 includes weak opioids such as codeine; Level 3 includes powerful opioids such as
morphine. These categorizations were reviewed by a pain specialist (KHT).

Statistical Analyses

Descriptive statistics were used to summarize the patient characteristics. The Kolmogorov-

Smirnov Z test was used to assess the normality distribution for pain, fatigue, and depressed
mood. Since normality was not met, we used the National Comprehensive Cancer Network

cut-off score of > 7 for severe pain.

Based on our previous studies?>-26, we also combined responses to the SF-12 questionnaire.
For the question, “During the past 4 weeks, have you been feeling downhearted and blue?,”
responses of “most of the time” and “all of the time” were combined to indicate severe
levels of depressed mood, and “none of the time,” “little of the time,” “some of the time,”
and “good bit of the time” were combined to indicate non-severe levels of depressed mood.
For the fatigue question (“During the past 4 weeks, have you had a lot of energy?”), we
combined the responses “none of the time” and “little of the time” to indicate severe levels
of fatigue and the responses “most of the time,” “all of the time,” “some of the time,” and
“good bit of the time” to indicate non-severe levels of fatigue.

Pearson's chi-squared tests were used to assess the relationship between pain and clinical,
behavioral and sociodemographic factors. Using the Kaplan-Meier method, we generated 5-
year overall survival by selected characteristics and assessed statistical significance using
log-rank test. Univariate and multivariate Cox proportional hazards regression analyses were
used to estimate the strength of association for variables using hazard ratios (HRs) and 95%
confidence intervals (CIs). The multivariable model assessed the effect of pain severity on
survival, while controlling for pain treatment, clinical (extent of disease, comorbid
conditions) and epidemiological (age, sex, race/ethnicity) and behavioral (smoking, alcohol
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consumption) factors and symptoms (fatigue and depressed mood) found significant in the
univariate model (P<0.05). All statistical analyses were performed using SPSS software
(SPSS Inc, Chicago, II). All of the statistical tests were two-sided.

Results

Characteristics of the Study Sample

A total of 2340 patients with HNSCC comprised our sample, 1196 with cancer of the oral
cavity; 696 with cancer of the pharynx; and 448 with cancer of the larynx. A majority of the
sample were men (n=1788; 76%) and Non-Hispanic Whites (1859; 80%). Mean age for the
total sample was 59 years (SD=11.7). The most commonly reported comorbid conditions
were hypertension (n=970; 41.5%), followed by heart disease (n=433; 18.5%) and diabetes
(n=288; 12.3%). One in 4 (24.5%) were current smokers and 22% were heavy drinkers.
Patients with laryngeal cancer had the highest proportion of heavy drinkers (31%; versus
19.3% for oral and 28.8% pharyngeal; p<0.001) and smokers (35.6; versus 20.2% for oral
and 26.4% pharyngeal; p<0.001).

Pain Severity

Severe pain was reported by as many as 19% of the total sample and was most prevalent
among those with oral cancer (20.4%); followed by pharynx (18.8%) and larynx (16.1%).

Table 1 shows that tumor stage, smoking status, lung disease, and race were significant
covariates of severe pain (p <0.05) across all cancer diagnoses (oral, pharynx and larynx).
Interestingly, alcohol intake was a significant covariate of severe pain for those with oral
(p<0.001) and pharyngeal cancer (p<0.001) but not for patients with cancer of the larynx.
Patients reporting heavy alcohol intake had the highest proportion reporting severe pain.
More female patients (24.2%) with oral cancer also reported severe pain relative to males
(19%).

Severe fatigue was a significant covariate of severe pain across cancer diagnoses (oral,
pharynx and larynx) and depressed mood was observed to significantly covary with severe
pain among those with oral and pharyngeal cancer but not for those with laryngeal cancer.
We also found that pain treatment, categorized using the WHO step ladder, significantly
varied by pain severity.

Survival Outcomes

There was a total of 828 deaths (oral= 416; pharynx= 251; larynx= 161). Median survival (in
days) were as follows: oral= 3143 (95% CI=2790; 3495); pharynx=3307
(95%CI1=2628;3985) and larynx=3119 (95%CI1=2440;3797). Figure 1 shows Kaplan-Meier
estimates of the effect of pain on survival for the entire sample.

Univariate analyses for 5-year overall survival (data not shown) shows that among patients
with oral cancer, overall 5 year survival was 31% among those with severe pain versus 52%
of those without severe pain (p<0.001). Similarly, among those with pharyngeal cancer,
those reporting severe levels of pain=33% (non-severe=53%; p<0.001) had lower 5-year
overall survival.
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As expected, extent of disease using TNM as separate variables for tumor size (T), lymph
node involvement (N) and metastasis (M) were also significant factors, along with
behavioral factors (alcohol intake, smoking status), comorbid conditions (heart disease, lung
disease, hypertension, stroke), age and race.

Multivariable Analyses

We conducted multivariable analyses to assess the extent to which symptoms influence
survival outcomes for the whole sample by including factors known to influence survival in
cancer patients. The variables found significant in the univariate model (P<0.05) were
included in the analyses. We observed (data not shown) that compared to patients with
laryngeal cancer, patients with oral cancer and pharyngeal cancer are at an increased risk of
mortality (oral HR=1.39 and pharyngeal HR=1.52, respectively). Pain (HR=1.30; 95%
Cl=1.03;1.63; p<0.025) and fatigue (HR= 1.30; 95%CI1=1.06;1.59; p<0.011) were
significant predictors for overall survival in HNSCC patients. As expected, extent of disease
(TNM), smoking and alcohol intake, lung disease and age and race were also significant
predictors of survival. When we accounted for pain treatment, using WHO step ladder
categories, Table 2 shows that pain and fatigue, disease-related variables (TNM), socio-
demographic (age and race/ethnicity) and behavioral factors (smoking and alcohol intake)
persisted as important factors for survival.

Discussion

Our study is one of the first to examine pretreatment pain severity as a predictor of survival
in a large sample of HNSCC patients. The results indicate that pretreatment pain is an
independent predictor of 5-year overall survival in patients with HNSCC. Previous studies
have found that pain severity at post treatment30 and 2 years after treatment32 were
significant predictors of survival in patients with head and neck cancer, however, these
studies had limited sample size and lacked a comprehensive assessment of the influence of
clinical (disease stage, comorbid conditions) behavioral (smoking, alcohol consumption) and
epidemiological (age, sex, race/ethnicity) factors known to influence survival in HNSCC,
thus, limiting the generalizability of study findings.

Studies have hypothesized the potential link between symptoms and survival as reflecting
inflammatory processes that also underlie cancer progression, e.g., increased preoperative
concentration of C-reactive protein was found to be associated with poorer survival in
patients with oral cancer’. Pain molecules including endothelin, prostaglandin, bradykinin
and nerve growth factor--molecules which have been shown to evoke pain in animal models,
also influence growth and neovascularization of tumors 17. Another study!® demonstrated a
direct role for protease-activated receptor 2 (PAR2) in acute cancer pain. PAR2 is known to
uniquely trigger tumor cell migration. The authors suggested that PAR2 upregulation may
favor the development and maintenance of chronic cancer pain and that targeting the PAR2—
serine protease interaction is a promising approach to the treatment of acute cancer pain and
prevention of chronic cancer pain. Additional research is needed to explore the biological
mechanisms that might explain the association between pain and survival in HNSCC.
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Severe pain was reported prior to cancer treatment by 19% of the total sample and was most
prevalent (20.4%) among patients with oral cancer. These results are somewhat higher than
those found in a previous study of patients with HNSCC. Scharpf and colleagues®® found a
prevalence rate for severe pretreatment pain of 10.9% in a sample of 339 patients with head
and neck cancer. However, a study of Sato and colleagues 2° showed 37% of patients with
untreated primary oral cancer reported spontaneous pain. The differing prevalence rates may
be due to characteristics of these samples, including sample size and the distribution of oral,
pharynx, laryngeal cancers. In addition, pain in cancer patients may arise from several
factors, including tumor growth, treatment or other causes unrelated to cancer. In our
sample, pain was assessed prior to treatment, thus excluding treatment-related pain, but we
cannot exclude pain unrelated to cancer (back pain, etc.).

It is not surprising that we observed severe pain as more common among cancer patients
with advanced disease. Pain in advanced cancer may result from the primary activation of
visceral or somatic nociceptors by a metastatic tumor (nociceptive pain), the impingement of
the tumor on adjacent tissues22, the obstruction of blood vessels or the inflammation caused
by the tumor-induced mediators, such as cytokines?8. The finding that severe pain was more
prevalent among non-Hispanic Black and Hispanic patients is consistent with other studies
demonstrating a higher prevalence of severe pain among racial and ethnic minority patients
with cancer2. The racial and ethnic differences in pain persisted even when we stratified by
stage of disease or TNM. Additional research is needed to identify the causes of the higher
pain prevalence among minority patients with head and neck cancer.

It should be noted that the significant covariates of severe pain differed somewhat across
cancer diagnoses. Metastatic disease was a significant covariate among patients with cancer
of the pharynx but not among patients with oral or laryngeal cancer. Alcohol intake was a
covariate of severe pain for patients with oral and pharyngeal cancers. Associations between
pain and alcohol consumption have been shown in population-based studies*20. However,
there have been limited investigations of these associations in cancer patients. Among
patients with oral cancer, we observed that more women than men with oral cancer report
severe pain. This is consistent with previous studies of orofacial pain. Women have a greater
risk of pain and report more severe pain, more frequent pain, and longer pain durations than
men 8. These gender differences are partially attributed to the action of sex hormones, which
may influence central and peripheral mechanisms of nociceptive pain transmission, pain
sensitivity, and pain perception 38,

We also observed that compared to patients with laryngeal cancer, patients with oral cancer
and pharyngeal cancer are at an increased risk of mortality (oral HR=1.39 and pharyngeal
HR=1.52, respectively). While these results can be partially explained by the fact that there
are more effective surgical treatment options for salvage of recurrent laryngeal cancer
compared to oral and pharyngeal cancers, it should be noted that when we accounted for
pain medications, the increased risk for mortality among patients with oral cancer was no
longer statistically significant.

We observed that patients who smoke had a higher prevalence of severe pain compared to
nonsmokers 21:33_ |t has been hypothesized that smoking has a bidirectional relationship
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with pain. Smoking leads to physiologic changes, ie, down regulation in the hypothalamic
pituitary axis that may increase pain sensitivity and pain perception. Alternatively, smoking
is a way of coping for patients with pain. Additional studies are needed to further explore
this relationship in patients with cancer.

Severe fatigue and depression were significantly associated with severe pain in our patient
sample. These findings are consistent with other studies?’ demonstrating that the three
symptoms are often associated in samples of patients with cancer. For many patients with
cancer, receiving a diagnosis of a potentially fatal disease and the prospect of aggressive
disease management generate significant emotional turmoil. Most individuals with cancer
report some feelings of distress, depression or anxiety during the course of their disease and
its treatment23. Scharpf and colleagues 30 found that post treatment depression was
significantly associated with severe pain in their sample of patients with head and neck
cancer. Fatigue has been correlated with severe pain and depression in other samples of
patients with cancer. It has been suggested that these symptoms share common biological
pathways and may be related to inflammatory changes associated with cancer and cancer
treatment 1628,

In addition to pain, fatigue was a significant predictor of survival across cancer diagnoses.
Fatigue is one of the most common and distressing symptoms associated with cancer3. To
our knowledge, our study is one of the first to evaluate pretreatment fatigue as a predictor of
survival in head and neck cancer patients. A previous study of breast cancer patients found
that fatigue was a significant predictor of recurrence-free survival, after controlling for
clinical variables!3. Indeed, both pain and fatigue may be important markers for survival due
to their association with inflammatory changes. Among cancer patients, chronic
inflammation acts as a tumor promoter, resulting in aggressive tumor growth and spread.

Aside from pain and fatigue, significant predictors of overall survival across cancer
diagnoses (oral, pharynx, larynx) in multivariate analyses included extent of disease (TNM).
TNM stage is the single most important risk factor for recurrence and survival and treatment
determinant for HNSCC. It also is not surprising that the co-morbidity of chronic lung
disease influences overall survival. Patients who have comorbid conditions in addition to
HNSCC are at risk for early mortality from multiple causes.

Our results also support the importance of assessing alcohol intake and smoking status,
behaviors that were significant predictors of survival in our total sample. Patients who report
smoking and/or significant alcohol intake can be referred for smoking cessation programs
and/or further assessment and treatment of possible alcohol abuse. Thompson and
colleagues 32 found that patients with pain or poor overall quality of life 2 years after
diagnosis were more likely to die from all causes, whereas those still smoking were more
likely to die from their cancer. They concluded that in addition to older age and advanced
stage; pain, poor quality of life, and tobacco use 2 years after diagnosis characterize patients
who might need longer and more intense follow-up care32.

There are limitations to our study. We did not include type of cancer treatment as a covariate
since treatment is driven by extent of disease, thus, inextricably associated with tumor stage
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(hence high multicollinearity). Information on human papillomavirus (HPV) status was
missing. Studies have found that patients with HPV-positive tumors tend to have better
survival rates than patients with HPV-negative tumors2. Another limitation is our measure
of depression, which relied on patient self-report. A structured psychiatric interview would
provide a more reliable assessment of clinical depression. Anxiety, a known covariate of
pain, was also not assessed.

We also acknowledge that other limitations include the lack information on the location,
type of pain (back pain, etc.) and etiology of pain. Further, pain was only assessed at
presentation and follow-up pain assessments were not conducted. The study was also limited
to head and neck cancer patients at one tertiary care cancer center. Thus, additional
prospective studies are needed to validate our findings.

In sum, our study provide empirical evidence that pain at presentation is a prognostic marker
for survival, even after accounting for disease, socio-demographic and other clinical factors
associated with survival outcomes. Among the important implications of our findings is that
patients who present with severe pain at diagnosis need to be closely monitored, with
prompt treatment and management of symptoms incorporated in treatment planning.
Additional prospective studies are needed to validate our findings.
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