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Abstract

Objective—This study investigated post-surgical changes in pain among endometrial cancer 

patients, as well as the extent to which emotional distress and inflammatory and regulatory 

cytokine levels were associated with pain.

Methods—Women (N = 71) who underwent surgery for endometrial cancer completed 

questionnaires assessing pain intensity and interference, depression, and anxiety at 1 week, 4 

weeks, and 16 weeks post-surgery. Participants also provided a blood sample for the analysis of a 

panel of 7 cytokines at the same time points.

Results—Participants showed significant declines in pain intensity and pain interference from 1 

week to 4 weeks post-surgery, after which pain remained stable. After adjusting for time since 

surgery, surgery type, adjuvant therapy, disease stage, age, and BMI, mixed-effects linear 

regression models indicated that greater depression and anxiety were associated with both greater 

pain intensity and interference. Higher levels of circulating IL-6 were also correlated with greater 

pain intensity, but not interference. Fixed-effects linear regression models indicated that temporal 

variation in depression, anxiety, and IL-6 within individual patients was associated with 

corresponding changes in pain. Pain symptoms were maximal when anxiety, depression, and IL-6 

were highest. No other cytokines were associated with changes in pain.

Conclusion—These findings indicate that depression, anxiety, and IL-6 may exacerbate pain 

during the recovery period following surgery for a gynecologic malignancy. Targeting these 

psychological processes and the proinflammatory cytokine IL-6 in women with more severe and 

persistent pain may help to reduce suffering and improve post-surgical recovery.
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1. Introduction

Endometrial cancer is the most commonly diagnosed gynecologic malignancy [1]. Due to 

early detection and good treatment responses, there are now more than 600,000 endometrial 

cancer survivors in the United States [2]. Understanding the quality of life concerns of this 

growing population of cancer survivors is important for optimizing well-being after 

treatment and minimizing morbidity.

Pain is one of the most distressing and prevalent quality of life concerns for women with 

gynecologic cancer, often persisting well beyond the end of treatment. In a mixed sample of 

ovarian, endometrial, and cervical cancer patients, approximately 60% reported 

experiencing pain, with 32% of those women experiencing moderate to severe pain [3]. 

Furthermore, a 24-month longitudinal study of gynecologic cancer patients found that pain 

persisted for up to 6 months post-treatment [4]. Similarly, in a study of endometrial and 

cervical cancer patients, 38.3%, 34.7%, and 24.5% of women reported experiencing pain at 

4 months, 1 year, and 3 years post-surgery, respectively [5]. However, research specifically 

on endometrial cancer survivors is limited. Endometrial cancer patients often have higher 

rates of comorbidities than other gynecologic cancer populations and may therefore differ 

with respect to pain symptoms and persistence post-treatment. Therefore, it is imperative to 

understand how endometrial cancer patients respond to treatment and long-term recovery.

Research on biological and behavioral factors that contribute to pain post-treatment for 

endometrial cancer has also been scarce. A large body of evidence documents that higher 

levels of anxiety and depression exacerbate pain [6,7,8]. For example, studies of community 

or primary care samples show that depression, and changes in depression over time, predict 

the severity and persistence of pain [7,9]. Depressed mood and anxiety are common among 

cancer patients [6]. Among women with gynecologic cancers, 29% report clinically 

significant anxiety and 17% report clinically significant depression [10]. Additionally, 56% 

and 38% have subclinical levels of anxiety and depression, respectively [10].

Inflammation may also play an important role in pain following cancer treatment. Cytokines 

have been implicated in pain sensitization and perpetuation of symptoms via activation of 

both peripheral and central nervous system pathways [11,12]. The mechanisms include 

increased stimulation of the autonomic nervous system, cytokine release by glia in the brain, 

and localized and systemic actions of prostaglandins [13,14]. The levels of proinflammatory 

cytokines in circulation have been linked to pain symptoms in a number of populations 

including individuals with chronic pain disorders and cancer [15,16,17]. Endometrial cancer 

patients may be at an increased risk for pain associated with inflammation because 

endometrial tumors can secrete soluble mediators like IL-6, and proinflammatory cytokines 

are released in response to tissue damage from chemotherapy, radiation therapy, and/or 

surgery [18,19]. However, to our knowledge, relationships between these inflammatory 

markers and pain have not been examined among endometrial cancer patients.
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The present study investigated trajectories of pain intensity and pain interference with daily 

activities at 1 week, 4 weeks and 16 weeks post-surgery given prior research suggesting that 

pain is most problematic during this time frame in gynecologic cancer patients [4]. The 

primary objective was to examine behavioral and biological predictors of pain. Based on the 

high prevalence of inflammation and emotional distress among endometrial cancer patients, 

as well as the links between these factors and pain in other populations, we examined these 

potential risk factors during early recovery from surgery for endometrial cancer. Specific 

factors evaluated included depressed mood, anxiety, cancer-related distress, and 

inflammatory and regulatory cytokines. We hypothesized that women with higher levels of 

emotional distress and inflammation would experience greater pain intensity and 

interference. We also hypothesized that temporal variation in pain would track changes in 

emotional distress and inflammation.

2. Method

2.1. Participants

Participants were adult women undergoing a primary surgery for an endometrial malignancy 

at the University of Wisconsin Carbone Cancer Center. All participants were assessed as 

part of a larger, IRB-approved study of sleep disturbance, immune function, and quality of 

life that enrolled participants over a three-year period from 2011 to 2014. 116 eligible 

women were approached for the study; 72% agreed to participate, and of these, 73.3% 

completed at least some of the study assessments. The most common reasons cited for non-

participation or withdrawal from the study included lack of time and the burden of 

completing the study assessments. Some participants did not return to clinic or respond to 

attempts to contact them. Women who had completed at least two assessments were 

included in analyses (N = 71).

Participants ranged from 37 to 85 years of age (M = 61.0, SD= 9.1). Demographic and 

clinical information is summarized in Table 1. Of note, the majority of patients who 

underwent adjuvant chemotherapy (95%; 19/20) received a standard 6 cycle carboplatin/

taxol regimen. The remaining patient was on a clinical trial and received 2 cycles cisplatin 

followed by 4 cycles of carboplatin/taxol. Intra-operative complications were also noted and 

were rare (2.8%; n = 2).

2.2. Procedures

Women were invited to participate in the study during their inpatient hospital stay after 

surgery to remove their tumor. An attempt was made to invite all women meeting eligibility 

criteria to participate in the study; rarely, women were discharged before research personnel 

could introduce the study. After providing informed consent, participants completed study 

questionnaires and provided a blood sample at approximately 1 week, 4 weeks, and 16 

weeks post-surgery during scheduled clinic visits. If participants did not have scheduled 

appointments, questionnaires were mailed to them.
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2.3. Measures

Basic demographic information was collected from all participants. Medical data including 

cancer diagnosis and stage, treatment, and medications were abstracted from patient medical 

records.

2.3.1. Pain—The Brief Pain Inventory (BPI) assessed pain severity and interference with 

daily activities [20]. The 4-item pain severity scale asks participants to rate severity on a 10-

point scale. The 7-item interference scale assesses pain interference in a variety of contexts 

such as work, relations with others, and sleep on a 10-point scale. A mean pain intensity 

score of ≥5 is considered to be clinically significant [21]. Mean pain intensity and 

interference scores are characterized as mild (0–4), moderate (5–6), and severe (7–10), with 

a 2-point difference considered to be clinically meaningful [22]. Both pain intensity and 

interference sub-scales showed good reliability in our sample (Chronbach's α ranged from .

90 to .96).

2.3.2. Emotional distress—The Inventory of Depression and Anxiety Symptoms (IDAS) 

was used to assess symptoms of depression and anxiety. Participants rate symptoms on a 5-

point scale. The primary subscales of interest were the 20-item general depression subscale, 

which assesses DSM-based depression symptoms, and the 8-item panic subscale, which 

focuses on panic and somatic anxiety symptoms [23]. Both scales showed good reliability in 

the present study (Chronbach's α ranged from .66 to .90).

Two subscales from the Impact of Events Scale (IES) assessed cancer-related distress [24]. 

The intrusion subscale measures intrusive thoughts about cancer and the avoidance subscale 

assesses attempts to avoid or suppress those thoughts. In our sample, both subscales showed 

good reliability (Chronbach's α ranged from .75 to .86).

2.3.3. Inflammation—A panel of inflammatory and regulatory cytokines was measured in 

plasma from peripheral blood samples, including IL-1β, IL-6, IL-8, IL-10, IL-12, IFN-γ, and 

TNFα. Plasma was separated and frozen at −80 °C prior to assay. Cytokines were assessed 

in duplicate determinations with a multiplex kit using an electrochemiluminescence 

detection platform (Meso Scale Discovery). Three cytokines, IL-1β, IL-12, and IFN-γ, had 

limited variability due to very low or undetectable levels in nearly all participants and 

therefore were not used in analyses. Three participants had IL-10 concentrations at 1 week 

and/or 4 weeks post-surgery that were more than 16 standard deviations from the means at 

all of the study assessments. These samples were excluded from analyses.

2.4. Statistical analysis

STATA statistical package was used to analyze data. Repeated-measures ANOVA with 

follow-up contrasts was used to assess changes in pain intensity and interference across the 

three study time points (1 week, 4 weeks, and 16 weeks post-surgery). The ‘anova’ function 

in STATA uses maximum likelihood estimation and includes all available data points, 

including those from participants who have some missing observations.
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Patient age, disease stage (stages I/II versus III/IV), surgical procedure (laparotomy versus 

laparoscopic surgery), and adjuvant therapy (any adjuvant therapy versus none) were 

selected a priori as covariates given their clinical importance and known associations with 

pain and recovery. We also evaluated relationships between other medical and demographic 

covariates and pain, including lymphadenectomy (yes or no), body mass index (BMI), 

relationship status, education, employment status, and household income. Only BMI was 

significantly associated with both pain intensity (p = .012) and pain interference (p = .024) 

and was therefore included as a covariate.

Mixed-effects linear regression models were used to examine the extent to which individual 

differences in depression, anxiety, and circulating cytokine levels predicted pain intensity 

and interference. The cytokine concentrations were log transformed and all measures were 

standardized prior to being entered in the models to improve interpretability of model 

coefficients. All models covaried for time since surgery, age, disease stage, surgical 

procedure, adjuvant therapy, and BMI. Subject-level fixed-effects models were then applied 

to examine the extent to which changes in depression, anxiety, and cytokine levels were 

associated with corresponding changes in pain within individual participants. This allowed 

each participant to serve as her own baseline. These models also used standardized 

depression, anxiety and cytokine levels and covaried for time since surgery.

3. Results

3.1. Changes in pain

The number of women reporting clinically significant pain intensity declined from 1 week 

(26.2%) to 4 (12.9%) and 16 (15.4%) weeks post-surgery. Similarly, the number of women 

with clinically significant pain interference with daily activities declined from 1 week 

(47.7%) to 4 (15.7%) and 16 (16.9%) weeks post-surgery.

A repeated-measures ANOVA indicated that pain intensity declined significantly across the 

study assessment points, F(2127) = 41.08, p < .001 (see Fig. 1A). Pairwise comparisons 

showed that pain intensity decreased significantly from 1 week (M = 3.58, SD = 1.89) to 4 

weeks (M = 1.96, SD = 1.91) post-surgery (p < .001). There was no significant change from 

4 weeks to 16 weeks (M = 2.00, SD = 2.31) post-surgery (p = .716). Pain interference with 

daily activities similarly declined significantly across the study assessments, F(2127) = 

36.37, p < .001 (see Fig. 1B). Pairwise comparisons showed that pain interference decreased 

significantly from 1 week (M = 4.08, SD = 2.68) to 4 weeks (M =1.94, SD=2.31) post-

surgery (p < .001). There was no significant change from 4 weeks to 16 weeks (M = 1.83, 

SD = 2.45) post-surgery (p = .524).

3.2. Individual differences in biobehavioral factors and pain

Descriptive statistics for all measures are provided in Table 2, and Table 3 summarizes the 

results of the mixed-effects linear regression models examining the extent to which 

individual differences in psychological factors and cytokines predicted pain intensity and 

pain interference across the assessments. After adjusting for time since surgery, age, surgery 

type, adjuvant therapy, disease stage, and BMI, participants with higher depression scores 

reported greater pain intensity (z = 7.48, p < .001) and pain interference (z = 10.55, p < .
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001). Similarly, those with higher scores on anxiety measures of panic, intrusion, and 

avoidance scales reported significantly higher levels of pain intensity (z = 6.90, p < .001; z = 

2.53, p = .016; z = 2.66, p = .014) and pain interference (z = 8.56, p < .001; z = 4.20, p < .

001; z = 3.65, p < .001). Participants who had higher circulating levels of the 

proinflammatory cytokine IL-6 also reported greater pain intensity (z = 2.43, p = .015). 

There were no other significant relationships between cytokines and pain scores (all p values 

> .05).

3.3. Changes within participants in biobehavioral factors and pain

Table 4 summarizes the results of fixed-effects linear regression models examining 

relationships between changes in psychological factors or inflammatory markers and 

changes in pain intensity and interference within participants. After covarying for time since 

surgery, temporal changes in depression were significantly associated with pain intensity (t 

= 4.66, p < .001) and pain interference (t = 5.95, p < .001). Pain levels were highest for 

participants when depression was the most severe. Similarly, changes in the panic dimension 

of anxiety were associated with variation in pain intensity (t = 4.79, p < .001) and 

interference (t = 6.00, p < .001), with the highest pain experienced when panic was greatest. 

No relationships were seen between cancer-related distress measures of intrusion or 

avoidance and pain. Changes in circulating IL-6 within individuals were also associated with 

corresponding changes in reported pain intensity (t = 2.45, p = .017) and pain interference (t 

= 1.95, p = .055), although the latter was a trend that did not reach statistical significance. 

Women rated pain as most intense and interfering when their IL-6 levels were the most 

elevated. There were no other significant relationships between the cytokines and pain 

intensity or interference (all p values >.05).

All statistical models were re-run after eliminating two participants who experienced 

reportable intra-operative complications. There were no notable changes in the effect sizes 

or significance of the results.

4. Discussion

Our findings confirm that pain is a prevalent concern among women recovering from 

surgery for endometrial cancer, albeit one that resolves by 16 weeks post- surgery for most 

women [3,4]. About one-quarter of the sample reported clinically significant pain severity 

and half reported elevated pain interference with daily activities at the one week assessment 

point. Consistent with the typical expectation of recovery by 6 weeks post-surgery, both pain 

intensity and interference with daily activities significantly improved between 1 week and 4 

weeks post-surgery. On average, there was a 2-point decline on the pain scales between 1 

and 4 weeks post-surgery, which is considered to be clinically meaningful [22]. By 4 and 16 

weeks post-surgery, pain levels were in the minimal to mild range, on average. However, it 

is important to note that our results showed extensive individual variation in pain levels, 

with 15% of the sample continuing to report clinically significant pain severity and 17% 

continuing to report significant pain interference with daily activities at 16 weeks post-

surgery.

Honerlaw et al. Page 6

Gynecol Oncol. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The present study capitalized on the variability in the sample to examine factors that are 

associated with more severe and disabling pain. Results indicated that women who reported 

higher levels of depression, somatic anxiety, and cancer-related distress experienced more 

severe and disruptive pain at all assessment points. We were also able to take advantage of 

the prospective, longitudinal design to assess how changes in emotional distress were 

associated with fluctuations in pain symptoms within individual participants. These analyses 

indicated that, after accounting for time since surgery, participants experienced the most 

severe and disruptive pain when depression and anxiety were highest. This study is the first 

to systematically examine how temporal changes in emotional distress were associated with 

changes in pain within individual patients recovering from surgery for endometrial cancer.

Our findings are consistent with prior research showing links between emotional distress 

and pain among other cancer populations [25,26]. These associations may be due to 

common biopsychosocial pathways between pain and emotional distress. Prior research 

onpelvic pain has demonstrated that depression and pain share many structural, functional 

and cellular pathways in common [27]. In particular, depression and pain can activate or 

disrupt many of the same CNS processes, including monoamine neurotransmitters, stress-

related hormones in the hypothalamic-pituitary-adrenal axis, and microglial release of 

cytokines [27,28].

Endometrial cancer patients often have elevated levels of soluble inflammatory factors due 

to tumor production of inflammatory cytokines, tissue injury from treatment, post-surgical 

infections or other complications [29,18,19]. In the current sample, participants had mean 

levels of IL-6 that greatly exceeded the generally accepted cutoff of 3 pg/mL, even at the 16-

week follow-up time point, suggesting persistent clinically elevated IL-6 levels in this 

sample. Our results further suggest that inflammation may influence post-surgical pain. 

Specifically, participants with higher circulating IL-6 levels reported more intense pain. 

Similarly, temporal changes in pain within the individual were concordant with fluctuations 

in IL-6, with women experiencing the greatest pain when IL-6 was most elevated. IL-6 is a 

pleiotropic cytokine, synthesized by many types of tissues and acting on many tissues, 

including potentiating pain signaling through the release of prostaglandins [14]. Our study is 

the first to demonstrate a linkage between postoperative pain and IL-6 among endometrial 

cancer patients. The finding is consistent with reports on pain and cytokines in other cancer 

populations [30,31]. However, we did not find relationships between any other 

inflammatory cytokines and pain. The absence of a relationship between TNFα and pain 

was surprising, given that TNFα has been shown to be an important mediator in animal 

models [32]. Similarly, there were no associations with the regulatory and anti-inflammatory 

cytokine IL-10, which has also been implicated in pain processing [33]. Despite the lack of 

correlation between pain and other cytokines, our study concurs with many others 

suggesting that IL-6 provides the most sensitive blood biomarker for documenting the role 

of cytokine activation in pain sensitization and persistence [31,34].

While this study focused purposefully on psychological factors and inflammatory markers 

that characterize women who report more problems with pain, there are a number of other 

risk and resilience factors that could be examined in the future, including medical and 

demographic characteristics and other biological markers. Medical comorbidities and 
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obesity rates are high in this patient population and may also be important risk factors. 

Focusing on the subset of women who continue to report severe and disruptive pain well 

after surgery ends may be particularly fruitful.

Some limitations of the present study should be acknowledged. First, data were not available 

on pain prior to cancer diagnosis or pre-surgery with which to compare individual 

differences in post-surgical pain. We purposefully chose to focus our analyses on the 

relationships between biobehavioral factors and pain during the post-surgical period because 

pain is a more significant clinical problem during this timeframe and is a primary cause of 

suffering and disability [4,5]. We should also note that our sample was small and relatively 

homogeneous, reflecting the community served by our cancer center and the surrounding 

demographics of our Midwestern location. However, this limits the ability to generalize to 

larger, more diverse populations. Similarly, this study focused on women with endometrial 

cancer, and therefore the results cannot be generalized to other cancer populations. Finally, 

we did not have data on medical comorbidities and post-surgical complications, both of 

which could impact reports of pain. Nonetheless, we feel that the limitations are offset by 

the notable strengths of a prospective, longitudinal design and the capacity to consider both 

biological and psychological correlates of pain.

In summary, the present study highlights the potential roles of emotional distress and the 

proinflammatory cytokine, IL-6, in the experience of pain following surgery for gynecologic 

cancer. Our results indicate depression and anxiety are important risk factors for pain that is 

more severe and disabling. The findings linking IL-6 to pain both across patients and within 

the individual highlight an important biomarker, which can be routinely measured to 

monitor pain-related inflammatory pathways after surgery, adjuvant therapy, and/or 

infections. Because there are shared biopsychosocial pathways underlying both pain and 

distress, as well as between inflammation and pain, interventions targeting these factors in 

women with more severe and persistent pain may help improve post-surgical recovery and 

lessen the disabling aspects of pain in women recovering from endometrial cancer.
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Fig. 1. 
Changes in pain intensity and pain interference with daily activities subscales from 1 week 

to 16 weeks post-surgery. (A) Pain intensity declined between 1 and 4 weeks, but stabilized 

by 16 weeks post-surgery. (B) Pain interference with daily activities declined between 1 and 

4 weeks, but stabilized by 16 weeks post-surgery.
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Table 1

Clinical and demographic characteristics of the patient sample (N = 71).

n (%)

Ethnicity

 Caucasian 65 (91.5)

 African American 2 (2.8)

 Native American 1 (1.4)

 Latina 1 (1.4)

 Did not respond 2 (2.8)

Relationship status

 Married/living with partner 41 (57.7)

 Single 16 (22.5)

 Divorced 7 (9.9)

 Widowed 7 (9.9)

Employment status

 Work full-time 30 (42.3)

 Work part-time 11 (15.5)

 Disabled 4 (5.6)

 Homemaker 4 (5.6)

 Retired 21 (29.6)

 Did not respond 1 (1.4)

Type of surgery

 Laparoscopic 46 (64.8)

 Laparotomy 25 (35.2)

Lymphadenectomy

 Yes 43 (60.6)

 No 28 (39.4)

Stage

 1 55 (77.5)

 2 1 (1.4)

 3 13 (18.3)

 4 2 (2.8)

Adjuvant therapy

 Chemotherapy 20 (28.2)

 Vaginal brachytherapy 17 (23.9)

 Whole pelvic radiation 9 (12.7)

 None 35 (49.3)

Radiation dose level

 10.5 Gy 6 (23.1)

 22 Gy 7 (26.9)

 30 Gy 1 (3.8)

 31 Gy 5 (19.2)
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n (%)

 45 Gy 5 (19.2)

 50.4 Gy 2 (7.7)

Body mass index

 <25 7 (9.9)

 25–29.9 7 (9.9)

 30–34.9 12 (16.9)

 35–39.9 18 (25.3)

 >40.0 27 (38.0)
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