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Abstract

Objective—To explore biopsychosocial factors (beliefs, depression, catastrophizing cytokines) 

in individuals newly diagnosed with lung cancer and no pain in order to determine their 

relationship at diagnosis and across time and to determine whether these factors contribute to pain 

intensity or pain interference with function at pain onset.

Methods—A longitudinal, exploratory, pilot study was implemented in a private medical center 

and a VA medical center in the southeast. Twelve subjects not experiencing pain related to cancer 

of the lung or its treatment were recruited. A Karnofsky status of 40% and Hemoglobin of 8 grams 

were required. Five questionnaires were completed and 10 cc of blood was drawn at Baseline; 4 

questionnaires and blood draws were repeated monthly for 5 months. One Baseline questionnaire 

and a pain assessment were added at Final. Demographic, clinical and questionnaire data were 

summarized; standardized scale scores were calculated.

Results—Biopsychosocial scores that were low at Baseline increased from T1-T4 but decreased 

slightly T5-T6. Individuals with higher pain intensity and higher pain interference at Final had 

higher psychosocial scores at Baseline than individuals with lower pain intensity and lower pain 

interference at Final.

Conclusions—Unrelated to disease stage, metastasis or treatment, unique, levels of 

biopsychosocial factors are observed in patients newly diagnosed with lung cancer who report 
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higher levels of Pain Intensity and higher levels of Pain Interference at the time pain occurs. 

Replication studies are needed to validate this response pattern and determine the value of 

repeated individual assessments.

Introduction

Adequate control of pain related to cancer remains a challenging, unresolved problem 

despite extensive study and thousands of articles devoted to its measurement and 

management. A myriad of theoretical approaches have focused on multiple modalities for 

decreasing pain intensity and modifying pain behavior. Distinctive biopsychosocial factors 

that may be predictors of cancer pain and successful treatment have not been well explored.

Thus, determining the degree to which specific factors such as pain beliefs, depression, 

catastrophizing, and the inflammatory response are present at diagnosis is needed. The 

conceptual framework for study of these relationships is drawn from the neuromatrix theory 

espoused by Melzack.1 This framework suggests that cognitive-evaluative, sensory-

discriminative and motivational-affective inputs to the body-self produce outputs that 

includes pain perception, action and stress-regulation, (Melzack, 1996) including activation 

of the cytokine stress-regulating system.

Classical studies demonstrate that pain beliefs 2-4 and depression 5-9 can be mediators of the 

body-self output. These factors may predict or contribute to individual variation in perceived 

control over pain and report of pain interference with activities10,11 or as a predictor for the 

pain response.12-15 Studies also suggest that depression may reduce pain tolerance 16, 

contribute to greater pain intensity, or reduce a patient's ability to cope with pain.17,18

Elsewhere, studies of catastrophizing and pain suggest that pessimistic beliefs are related to 

misconceptions about potentially painful stimuli and contribute to a heightened pain 

experience19,20 and change in the perceived effectiveness of coping strategies.21 Patients 

who magnify the threat value of pain may increase their focus on pain and their inability to 

cope, creating a more intense experience.22 More specifically, patients’ tendency to 

catastrophize is presumed to modify the affective and evaluative components of the pain 

experience and to contribute to more intense pain and increased emotional distress.22-28 In 

fact, lack of belief in one's ability to control one's own pain has been found to be a 

significant predictor of postoperative pain intensity.29

Proinflammatory cytokines such as interleukin 6, known to facilitate neuropathic pain, may 

serve as a link between psychological factors and the experience of pain in general.30-31 

Moreover, increasing interest in the role of proinflammatory cytokines and in the 

development of pain syndromes in patients with cancer pain31 and cancer pain 

treatment32-35 reflects increased interest in the motivation-affective inputs to the 

neuromatrix.

The purpose of this pilot study was to begin to explore biopsychosocial factors that may 

contribute to pain intensity and interference with function in a small sample of individuals 

newly diagnosed with lung cancer and no pain and to determine whether changes in these 

relationships occur over time. The study questions asked:
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1. To what degree are psychosocial and biological factors such as beliefs about pain, 

depression, catastrophizing, and IL-6 present at diagnosis?

2. What changes in beliefs, depression, catastrophizing and IL-6 occur over time?

3. How do beliefs about pain, depression, catastrophizing and IL-6 that occur at 

diagnosis and over time relate to self-report of pain intensity and interference of 

pain with function that occurs approximately 6 months after diagnosis?

Materials and Methods

The Biobehavioral Pain Profile (BPP)3 is a 41-item self-report, 7-point Likert response scale 

tested in a sample of 617 subjects with chronic recurrent pain, chronic non-malignant pain or 

chronic malignant pain. The six BPP scales measure environmental influences (12 items), 

loss of control (11 items), health care avoidance (6 items), past and current experience (5 

items), physiological responsivity (3 items), and thoughts of disease progression (4 items). 

Coefficient alphas for the original scales ranged from .77 to .94 and test-retest ranged from .

57 to .73.

The Beck Depression Inventory (BDI--II)36,37 contains 21 items, each rated on a 4-point 

scale from 0 to 3 (“not present” to “severe”). Items are categorized as Cognitive-Affective 

and Somatic. Coefficient alphas ranged from .92 with psychiatric outpatients to .93 with 

undergraduate students. Test-retest reliability was .93 for the original BDI-II when repeated 

at one week. Construct validity for the BDI-II and BDI-IA was r = .93; construct validity for 

the BDI-II and the Beck Hopelessness Scale and the Hamilton Rating Scale was r = .68 and 

r = .71, respectively.

The Coping Strategies Questionnaire (CSQ)38 contains seven subscales including the 

catastrophizing scale (CAT). Subjects indicate how often they use a particular strategy: 0 = 

never, 3 = sometimes, and 6 = always, measured on a 7-point Likert scale. Possible scores 

for the total scale are 0-300; possible scores for the catastrophizing scale range from 0-36. 

Initial study showed the CAT to be internally reliable with a coefficient alpha of .78. Test-

retest reliability of the CAT was .91 for patients with chronic low back pain.39.

The Brief Pain Inventory (BPI)40 was designed to provide information about pain intensity 

and the degree to which pain interferes with function. The BPI pain intensity measure uses a 

0-10 scale to rate “worst”, “least”, “usual” pain and “pain right now.” The Pain Interference 

measure uses a 0-10 scale to measure the impact of pain on activity, mood, walking, 

relations, sleep and life enjoyment. The BPI demonstrated reliability over a brief period of 

time (worst, r = .93; usual, r = .59; now, r = .22); its validity has been demonstrated in 

several studies.41

Interleukin 6 (IL-6) can be a measure of the inflammatory response where concentrations of 

IL-6 are measured by high sensitivity quantitative enzyme-linked immunosorbent assays 

(ELISA). To control for circadian variability study samples were drawn between 8:00-10:00 

a.m. with routine blood work. Specifically,10 c.c. of blood was drawn in heparinized tubes 

and immediately placed on ice. Samples were centrifuged and plasma was removed, 

aliquoted and frozen for batched assay of IL-6. All samples were assayed in duplicate. 

Dalton et al. Page 3

Am J Clin Oncol. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Quality control plasma of low and high cytokine concentrations were included with every 

assay. Assay sensitivity in this study was 0.04 pg/ml; inter- and intra-assay variability was 

reliably <12%.

The design of the study was exploratory and descriptive. A convenience sample of patients 

being seen at a large, private medical center or VA medical center in the southeast were 

subjects in the study. All patients signed an informed Consent. Patients newly diagnosed 

with lung cancer (all cell types), a hemoglobin level of 8.0 grams or better, and NOT 

experiencing pain were eligible for the pilot study. The Research Assistants had IRB 

approval to review daily appointment sheets electronically and communicate with the social 

worker, nurses and physicians to identify, recruit and interview potential subjects. 

Individuals with chart-documented psychopathology (schizophrenia or bi-polar disorder) or 

confusion were not eligible.

Time periods for data collection were Baseline, interviews 2-5, and Final, periods that 

coincided with the subjects’ regular clinic visits. The 12 subjects in the study completed 5 

questionnaires and had 10 c.c. of blood drawn at the time they were diagnosed and entered 

the study (T1). The RA rated the individual's ability to care for him/herself and severity of 

symptoms on the Karnofsky42 scale (a scale of 10-100%). A rating of 40% or better was 

required at Baseline and each visit. Individuals were requested to repeat 4 original 

questionnaires and have blood drawn approximately monthly for five visits (T2-T6). At the 

Final interview (T6), 1 original questionnaire (BPP) and 1 new measure of pain (BPI) were 

added.

The RA approached potential participants, explained the study and ascertained their 

willingness to participate. Potential participants were told that all patients do not develop 

pain secondary to their disease, but that if they do develop pain its intensity can vary and 

that if we understand personal characteristics and the inflammatory response, we may be 

better prepared to make specific recommendations that could impact treatment in the future. 

Individuals were able to complete all the Baseline questionnaires in 45 minutes or less. 

Subjects were given $25.00 gas cards after the final interview period as reimbursement for 

travel costs.

Demographic and clinical information and summary data on beliefs, depression, 

catastrophizing, IL-6, pain intensity and pain interference with function for patients newly 

diagnosed with cancer of the lung were evaluated. Subjects were divided into groups with 

Pain Intensity levels above and below the sample median and Pain Interference levels above 

and below the sample median. Standardized scores (Z-scores)43 were calculated on the 

outcome measures (beliefs, depression, catastrophizing, and cytokines) to permit normalized 

comparisons on these variables between Pain Intensity groups and between Pain Interference 

groups.

Results

The subject's age ranged from 42-78; all were able to speak and read English. Eight of the 

subjects were female; 4 were male. Seven individuals were Caucasian; 5 were African 
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American. Four individuals were working full-time, 3 were retired, 3 were on disability and 

2 were not employed.

One-half of the subjects (6) had metastatic disease at diagnosis; one-half were Stage 2 or 3, 

the remaining half were Stage 4. Karnofsky (KPS) scores ranged from 80-100 at Baseline 

and 60-100 thereafter. Hemoglobin levels - - required to be 8.0 grams or better for admission 

to or continuance in the study - - ranged from 8.1-16.3 across all time points for females; 

hemoglobin levels ranged from 9.3-15.4 across all times points for males. In general, 

average hemoglobin levels decreased from T1 to T5 for all females and three-fourths of the 

males, but increased at Final (T6).

Individuals reported “no pain” at Baseline and across the four subsequent interview periods. 

They were not taking any analgesic medications. At T5 one individual reported a Pain 

Intensity score of 4.8 and an Interference of Pain with function score of 4.9, which were 

considered this individual's Final data collection. Across all subjects the average Pain 

Intensity score at Final (approximately 6 months after entering the study) was 3.65 (S.D.2.8) 

and the average Pain Interference score was 2.46 (S.D. 2.5). Among the individuals who 

reported their Pain Intensity at 0-3, two had metastatic disease at diagnosis, four did not, one 

was Stage 1, two were Stage 3 and three were Stage 4. Among the individuals who reported 

Pain Intensity >3, three had metastasis at diagnosis and three did not, three were Stage 3 and 

three were Stage 4. Seven individuals reported Pain Interference at 0-2 and 5 reported Pain 

Interference scores >2 at the Final interview with variability in stage and metastasis similar 

to variability reported for pain intensity.

Analysis of scores on the BPP at diagnosis and scores at the final interview revealed 

Baseline scores on the Avoidance scale of the BPP that were generally low (range 0-21). 

Scores on all other beliefs and the total belief score were, in general, moderate, although 

they were higher for beliefs about Past and Current Experiences (range 0-26) and Loss of 

Control (range 0-57). At Final Individuals reported greater influence of the majority of the 

biobehavioral beliefs on their pain responses than at diagnosis (Baseline); only Thoughts of 

Disease Progression and Environmental Influences did not demonstrate an increase in scale 

scores at Final. The greatest increases in beliefs were on Past and Current Experiences and 

Loss of Control (Table 1).

Analysis of scores on the Beck Depression Scale and the Catastrophizing Scale of the CSQ 

at diagnosis and across time revealed Baseline depression scores ranging from 0-28. Across 

time depression total scores generally increased from Baseline to T4, but decreased at Final. 

Individual catastrophizing scores ranged from 0-31 at Baseline. Similar to the depression 

scores, scores on the catastrophizing scale also increased from Baseline to T4, but decreased 

to a score lower than Baseline at Final.

Analysis of IL-6 values at diagnosis and across time revealed the following: Average IL-6 

levels varied widely from diagnosis to final, ranging from a high of 64.83 pg/ml at T3 to a 

low of 0.36 pg/ml at T5 (Table 1). The change in IL-6 levels did not correspond to specific 

treatment protocols (chemotherapy, radiation or chemo/radiation) in these 12 subjects. 
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Except for lower values at T5, the individual IL-6 values increased to slightly higher values 

at each time period across all cases.

At Baseline (Figure 1) and Final (Figure 2) subjects with Pain Intensity >3 at Final had 

higher scores on the beliefs, depression and catastrophizing scales and higher IL-6 values 

than subjects with Pain Intensity 0-3. Similar relationships were observed for individuals 

with Pain Interference 0-2 and >2 (Figures 3,4). However, greater differential was noted for 

individuals with >2 versus 0-2 Pain Interference. Across all standardized scores beliefs, 

depression and catastrophizing demonstrate potential as multidimensional predictors for 

high pain interference (Figure 5).

Analysis of scores among specific biopsychosocial factors revealed similarities among the 

12 subjects. Overall, individuals who reported higher biobehavioral belief scores regarding 

events such as not getting enough pain medication, past personal experience with unrelieved 

pain, loss of self-esteem, and uncertainty about the future also reported higher measures of 

depression, including fatigue and loss of appetite, and catastrophizing.

Discussion

Despite variability in presence of metastasis, stage of disease, and treatment, the 12 subjects 

who at diagnosis were not experiencing pain due to their cancer and whose performance 

status was good reported interesting combinations of biopsychosocial factors. 

Approximately six months later, at the onset of pain, elevation in these factors was related to 

higher levels of Pain Intensity and higher levels of Pain Interference with Function in one-

half of the sample. These findings suggest that patterns of biopsychosocial responses may 

occur with the diagnosis of cancer and that the patterns may persist with the development of 

pain. Because this was a pilot study with a small sample, the results must be viewed as a 

first step in the discovery process. Nevertheless, it is a step that has demonstrated interesting 

responses that should be examined more rigorously in future studies.

Comparison of psychosocial factors reported at diagnosis and those reported approximately 

6 months after diagnosis revealed that, in general, the 12 subjects reported greater intensity 

of beliefs even though a few reported new and/or different beliefs. Specifically, the subjects 

who reported a greater degree of beliefs about Disease Progression, i.e. “I'm terrified;” Past 

and Current Experiences with pain and pain treatment, i.e. “I'm not getting enough pain 

medication;” and Environmental Influences, i.e., stories told by family and friends, and 

reported greater use of catastrophizing as a coping strategy were the same subjects who 

reported higher levels of Pain Interference with Function at six months. The 12 subjects also 

reported a pattern of depression that increased across the first 4 interview periods and then 

decreased at the last 2 interviews. Of note, the subjects’ reports of depression peaked at 

approximately the same time they were concluding their first rounds of radiation therapy or 

chemotherapy. Their report of an increase in the use of catastrophizing across all time 

periods suggests a potential need for further exploration of the effect of time. It is possible 

that further examination of these biopsychosocial factors in a larger study would validate the 

responses noted in this pilot study and ultimately could lead to more individualized pain 

treatment protocols for co-morbid conditions.
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Those individuals who reported greater influence of beliefs about Environmental Influences 

and Avoidant behavior and depression at Baseline were the same individuals who reported 

higher Interference of Pain with Function at the Final interview. The fact that as the 

incidence of reporting specific beliefs increased, increases in the incidence of depression and 

catastrophizing also occurred is important from a scientific and clinical perspective. Of note 

is the fact that as individuals reported greater use of catastrophizing as a coping strategy and 

were found to have higher IL-6 levels, they also had higher Pain Intensity levels at the Final 

interview period. However, wide variability in individual IL-6 values likely complicates this 

relationship. To better understand the role of IL-6 in this population, measurement of soluble 

IL-6 receptor (which binds to IL-6 to prolong its half-life) and/or downstream signaling 

molecules, or use of a less sensitive cytokine assay may be useful in future study. We 

believe that the findings that emerged at Baseline and continued across time could be seen as 

potential challenges for the next steps in the discovery process.

The findings of this pilot study suggest that change in multiple psychosocial factors 

(cognitive, affective and sensory inputs) play an important role in report of variable levels of 

pain intensity and function. The across-time variability in individual experiences, beliefs, 

and actions further emphasizes44 the need for ongoing, repeated individual assessments in 

research and practice. Although only 12 subjects participated in this pilot study, the use of 

repeated measures permitted observations across an extended time period and raised many 

questions. Analysis of the pattern of biopsychosocial responses in comparison to the pattern 

of pain interference produced striking results. A larger sample may provide evidence of a 

strong predictive value for beliefs, catastrophizing and depression. Additionally, the 

interesting changes in hemoglobin point toward more in-depth examination of its possible 

role in the development and treatment of pain. Finally, this pilot data produced interesting 

questions related to the meaning of the pattern of IL-6 response in patients with cancer and 

depression.

Comparison of the findings of this pilot study and a number of related studies strengthens 

preliminary insights that may contribute to the discovery of new information related to the 

trajectory of the pain response. The findings are similar to earlier discovery that beliefs 

about one's capabilities can be a predictor of performance45 and can affect the relationship 

between mood disorders and pain-related disability.46 Comparing findings from the current 

study to a study designed to test the hypothesis that older females who had less education, 

were employed less than full-time and were more depressed47 may suggest a need to test the 

presence of depression with depression screening in this population. These findings are 

similar to reports of the measurement of similar psychological factors as predictors of 

outcomes of muscle injury.48 Speculation that the distress of a pain event worsens when the 

timing or intensity of the pain is unpredictable49 may be an important consideration for 

predictor studies for all persons with lung cancer, but especially those with higher scores on 

measures of beliefs, depression, catastrophizing and IL-6. Further, some investigators50 

suggest that high initial pain intensity could be a predictor of all pain outcomes. The latter 

study, much like this study, was limited by small sample size but consistently strengthened 

by the strong effect size. As in other study,51-53 we wonder if similar studies should focus on 

pain interference more than pain intensity.
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The results of this pilot suggest that assessment of multidimensional biopsychosocial status, 

sometimes referred to as symptom clusters,54 is needed at the time of the patient's diagnosis 

of lung cancer and that the assessment needs to be repeated across the trajectory of the 

disease. Future research and, eventually, practice should focus on the potential benefits of 

identifying multidimensional patterns of biopsychosocial responses that occur at the time of 

diagnosis of a serious illness and across time; outcomes of this work might lead to modified 

treatment that could prevent or limit the degree to which pain interferes with the patient's 

quality of life.
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Figure 1. 
Baseline Measures (standardized Z-scores) for 12 Subjects [6 LOW Pain Intensity (<=3); 6 

HIGH Pain Intensity (>3)]
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Figure 2. 
Final Measures (standardized Z-scores) for 12 Subjects [6 LOW Pain Intensity (<=3); 6 

HIGH Pain Intensity (>3)]
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Figure 3. 
Baseline Measures (standardized Z-scores) for 12 Subjects [7 LOW Pain Interference (<=2); 

5 HIGH Pain Interference (>2)]
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Figure 4. 
Final Measures (standardized Z-scores) for 12 Subjects [7 LOW Pain Interference (<=2); 5 

HIGH Pain Interference (>2)]
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Figure 5. Scatter Plot of Final Measures by Final Pain Interference Category
Subjects with High Pain Interference (>2) indicated by Stars; Low Pain Interference (<=2) 

by Circles; Vertical Axis is BPP Total with higher scores at top; Left Lower Axis is 

Depression with higher scores on upper left; Right Lower Axis is Catastrophizing with 

higher scores on lower left
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