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Abstract

This investigation used a non-randomized controlled design to evaluate the effect and feasibility of
a mindfulness based stress reduction (MBSR) program on immune function, quality of life (QOL),
and coping in women recently diagnosed with breast cancer. Early stage breast cancer patients, who
did not receive chemotherapy, self-selected into an 8-week MBSR program or into an assessment
only, control group. Outcomes were evaluated over time. The first assessment was at least 10 days
after surgery and prior to adjuvant therapy, as well as before the MBSR start-up. Further assessments
were mid-MBSR, at completion of MBSR, and at 4-weeks post MBSR completion. Women with
breast cancer enrolled in the control group (Non-MBSR) were assessed at similar times. At the first
assessment (i.e., before MBSR start), reductions in peripheral blood mononuclear cell NK cell
activity (NKCA) and IFN gamma production with increases in IL-4, IL-6, and IL-10 production and
plasma cortisol levels were observed for both the MBSR and Non-MBSR groups of breast cancer
patients. Over time women in the MBSR group re-established their NKCA and cytokine production
levels. In contrast, breast cancer patients in the Non-MBSR group exhibited continued reductions in
NKCA and IFN gamma production with increased IL-4, IL-6, and IL-10 production. Moreover,
women enrolled in the MBSR program had reduced cortisol levels, improved QOL, and increased
coping effectiveness compared to the Non-MBSR group. In summary, MBSR is a program that is
feasible for women recently diagnosed with early stage breast cancer and the results provide
preliminary evidence of beneficial effects of MBSR on immune function, QOL, and coping
effectiveness.
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1. Introduction

Cancer diagnosis of any type evokes fear and dread, but for women a diagnosis of breast cancer
is an especially devastating emotional experience (Shapiro, et al., 2001; Stark and House,
2000), as breast cancer is the second leading cause of deaths due to cancer in American women
(ACS, 2007). Anxiety, fear, depression and uncertainty are prevalent at diagnosis (Northouse,
1992; Spiegel, 1996, 1997; Stark and House, 2000; Witek-Janusek, et al., 2007) and distress
typically intensifies with treatment burden (Berger, 1998; Berger, et al., 2007; Maraste et al.,
1992; Nail and Winningham, 1995; Schreier and Williams, 2004; Theobald, 2004). The
emotional response to breast cancer is independent of disease stage, as women diagnosed with
non-invasive breast cancers also experience powerful emotions (Witek-Janusek, et al., 2007;
Northouse, 1992; Rakovitch, et al., 2003). The emotional impact of a cancer diagnosis and the
rigors of cancer treatment adversely affect quality of life (QOL) and this may persist beyond
treatment (Longman, et al., 1999). Evidence demonstrates that psychosocial variables during
diagnosis and treatment are key predictors of both short-term and long-term quality of life
(Carver, et al., 2005, 2006) and emphasize the importance of early psychosocial intervention
for individuals diagnosed with cancer.

Emotional distress activates neuroendocrine stress response systems and increases stress
hormone secretion (Chrousos and Gold, 1992; Chrousos, 2000). Stress hormones are well-
known to alter immune function (Kiecolt-Glaser, et al., 2002; Sanders and Kavelaars, 2007;
Schoneveld and Cidlowski, 2007). Breast cancer diagnosis and treatment leads to
psychological and immunological disturbance. Women who report greater subjective stress
after breast cancer surgery, but prior to adjuvant therapy, have lower basal and interferon (IFN)
augmented NK cell activity (NKCA) and reduced T cell proliferative response to mitogens
(Andersen, et al., 1998, 2004). We have previously shown that this stress-induced immune
dysregulation begins early in the diagnostic phase, as women stressed by the experience of
breast biopsy have lower production of IFN gamma but increased production of IL-4, IL-10
and IL-6, when compared to non-biopsied control women (Witek-Janusek et al., 2007). This
increase in IL-4 and IL-10 is similar to results of other studies in non-cancer populations that
demonstrated stress-associated shifts in Th1/Th2 cytokine balance toward a Th2 response
(Maes, et al., 1999; Marshall, et al., 1998).

Integrative approaches to promote wellness and reduce the distress associated with cancer are
increasingly considered as essential components of cancer care. Mindfulness based stress
reduction (MBSR) is a program that shows promise as an approach to not only mange the
emotional distress that accompanies disease, such as cancer, but to also produce biological
benefits that may promote health and contribute to cancer control (Grossman, et al., 2004).
MBSR, as developed and propagated by Jon Kabat-Zinn, stems from contemplative Eastern
spiritual practices that use meditation to cultivate conscious awareness (i.e., mindfulness) of
one’s experience in a non-judgmental or accepting manner (Kabat-Zinn, et al., 1990). In
predominately non-controlled studies of individuals with a variety of medical conditions,
MBSR has been shown to assist individuals to more skillfully manage emotions and somatic
reactivity to life stressors (Bishop, 2002; Grossman et al., 2004). Speca and colleagues have
demonstrated, using a randomized wait-list control design, that MBSR benefits individuals
who continue to harbor emotional distress well-beyond their cancer diagnosis and treatment.
In that study, MBSR was effective at reducing symptoms of stress and mood disturbance
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compared to the control group (Speca, et al., 2000). A follow-up of the combined group of
MBSR participants (immediate intervention group and the wait-list MBSR participants) from
the Speca et al. study showed that although the greatest psychological benefit was observed at
completion of the program, effects persisted at 6 month (Carlson, et al., 2001) and at 1-year
follow-up (Carlson, etal., 2007). A series of uncontrolled evaluations in cancer patients showed
that MBSR improved QOL, increased sleep quality (Carlson, et al., 2003), and attenuated
disturbed cortisol secretory patterns (Carlson, et al., 2004, 2007).

Given that MBSR reduces psychological distress, it is possible that it may also reverse stress-
associated immune dysregulation in cancer patients. Optimal immune function is important
for cancer control, especially at times when tumor burden is removed by surgery and immune
mechanisms become more essential in defending against any nascent tumor cells (Avraham
and Ben-Eliyahu, 2007; Lutgendorf, S., et al., 2007). The preponderance of evidence supports
the importance of optimal immune function in individuals with cancer. Therefore, interventions
that not only reduce psychological stress but also support immune function are advantageous
to individuals with cancer.

Previously, we have shown that breast cancer diagnosis and treatment produce an increase in
psychological distress (anxiety and mood disturbance) accompanied by immune dysregulation.
The immune dysregulation included an increase in production of IL-4 and IL-6 and reduced
NKCA and IFN gamma production (Nagabhushan, et al., 2001; Witek-Janusek et al., 2007).
The dysregulation in immune function was dissociated from treatment effects and was likely
due to the psychosocial distress evoked by a diagnosis of cancer and its treatment. We also
conducted a study in HIV+ men to evaluate the immune effects of MBSR. We found that MBSR
normalized aspects of immune function that were dysregulated in these men (Robinson, et al.,
2003). Others have also reported evidence of immune benefits of MBSR. Well individuals
experiencing job-related stress who participated in MBSR showed reductions in anxiety and
negative affect and significantly greater antibody responses to the influenza vaccine when
compared to a control group. In that study MBSR participants also exhibited increased brain
electrical activity indicative of positive mood and the magnitude of change in brain activity
predicted the magnitude of change in immune response (Davidson, et al., 2003). Evidence from
uncontrolled studies of cancer patients, who were evaluated well-beyond diagnosis, also
suggests that MBSR may effect the immune system (Carlson et al., 2003, 2007).

Given that few studies have evaluated the immune effects of MBSR in cancer patients, and to
our knowledge no studies have evaluated the effects of MBSR for recently diagnosed breast
cancer patients, we conducted this study. The purpose was to determine the feasibility of MBSR
for women undergoing diagnosis and treatment for breast cancer and to initially assess the
effect of MBSR on immune function, quality of life, and coping effectiveness in these women.
We enrolled women who had completed surgery for early stage breast cancer and assessed
outcomes over time, from pre to post MBSR program completion. Results are compared to
women with early stage breast cancer who did not participate in MBSR but consented to an
assessment only control condition.

2. Methods
2.1. Subjects

Women (35-75 years of age) diagnosed with early stage breast cancer and who did not receive
systemic chemotherapy, participated in this study. The majority of these women had small
lesions (< 1 cm) and uninvolved axillary nodes. Women with larger tumors or with positive
axillary nodes were included if their treatment did not include chemotherapy. Eighty three
percent of the women enrolled were treated with breast conserving surgery followed by
radiation therapy, while the rest were treated with surgery only. Women were excluded if they
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had an immune-based disease, were incapable of reading and writing English, were diagnosed
with psychoses, anxiety disorders or cognitive impairments, were substance abusers, were
taking corticosteroids, anxiolytics or antidepressant drugs, or if they were already trained in
MBSR. Inclusion and exclusion criteria for the Non-MBSR control group (usual care) were
the same as those for the MBSR intervention group. In addition, a group of age-matched healthy
women who did not have cancer or a history of cancer (i.e., Cancer Free) was included to
provide normative data for immune variables as measured in our laboratory. These women
were recruited from the local community and from the University by use of recruitment flyers
and were assessed in the same manner as the groups of women with cancer. Participants were
asked not to engage in other structured stress reduction programs during the course of the study.
This study was approved by the Loyola University Medical Center Institutional Review Board
for the Study of Human Subjects. All procedures were carried out with the adequate
understanding and written consent of the subjects.

2.2. Procedures

2.2.1. Recruitment—Women with cancer were recruited from three cancer centers. Eligible
women were identified (via physicians) after completion of their breast surgery and when their
full surgical pathology report was available and diagnosis and treatment plans were complete.
Women who expressed interest in the study were met by research staff at a scheduled clinic
visit. The study was further described and those willing to participate were consented. At this
time, women self-selected to either the MBSR or a Non-MBSR group that received assessments
only.

2.2.2. Intervention—The MBSR program was modeled after that of Kabat-Zinn and has
been previously described in detail (Kabat-Zinn et al., 1985, 1990). Briefly, the program
consisted of 8-weekly (2.5 hr/wk) group sessions plus one full day session held after the 5t
week. A clinical psychologist trained as an instructor in the Kabat-Zinn MBSR program,
provided the instruction to all groups. Pre program interviews were conducted during which
the expectations and commitments of MBSR were discussed. Specific weekly objectives and
content were accomplished in the same manner for each cohort. As per the Kabat-Zinn program,
mindfulness was taught through the use of breath awareness, sitting and walking meditation,
and mindful yoga. Participants were provided with a standardized session-by-session program
workbook containing weekly objectives and assignments, as well as two practice CDs or
audiotapes and the Kabat-Zinn book, Full Castastrophe Living (Kabat-Zinn, 1990). The
sessions were all provided at the University Cancer Center and were conducted in a large
multipurpose room, which allowed group sitting arrangements as well as free floor space for
yoga mats and meditation cushions.

2.2.3. Assessments—Immune, QOL, coping and cortisol were assessed at 4 time points.
The first assessment (designated as T1; pre MBSR) was at least 10 days after surgery, as well
as before the start of an 8-week MBSR training program (for the intervention group). With
respect to the timing of blood sampling and radiation treatment, women were sampled within
a small window of time around the start of radiation therapy. In a separate pilot study, we
demonstrated radiation therapy of breast cancer patients within a similar window of time to
have no observed effect on the immune system, as judged by PBMC assessment of both
function and subset percentage and number as judged phenotypically. The second assessment
was 4 weeks after the MBSR intervention began (T2; mid-MBSR). The third assessment
occurred at the completion of MBSR training (T3). The fourth assessment took place 1 month
after completion of MBSR training (T4). Assessments for breast cancer patients in the Non-
MBSR group were matched in time with that of the breast cancer patients participating in
MBSR. Attempts were made to collect all blood samples during the late afternoon/evening,
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but this was not possible in all cases. Health, medical history, cancer treatment, medication
and supplement use, and demographic information were obtained at each assessment period.

2.2.4 Study Flow and Subject Retention—Figure 1 depicts the experimental design and
study flow. Seventy-five women were enrolled (44 into the MBSR group and 31 into the control
group). Of the 44 women enrolled into the MBSR group, 6 withdrew and the reasons were; 4
lacked interest in the program and 2 had transportation problems. All of these attritions occurred
during the first weeks of the MBSR program and these women are not included in the analysis.
Three women withdrew from the control condition for the following reasons: one did not want
additional blood draws (after the first assessment), another started a different stress reduction
program, and the third individual failed follow-up appointments. Age, tumor stage, and QOL
scores for the women that withdrew from the study were similar to that of the women who
remained in the study. Attendance of the 38 women in the 8-week MBSR program was good
with 71% of the women attending 7-8 sessions, 26% attending 5-6 sessions, and 1 woman
(3%) attending 4 sessions. In addition, 71% of the women in the MBSR group attended the all
day session.

2.3 Instruments

2.3.1. Quality of Life Index Cancer Version lll—The Quality of Life Index Cancer
Version 111 evaluates quality of life in terms of an individual’s satisfaction or dissatisfaction
with the areas of life that are important to him/her (Ferrans, 1990). The Quality of Life Index
measures life satisfaction in four domains: health and functioning, socioeconomic,
psychological/spiritual, and family. Two parts evaluate 34 items using a 6-point Likert scale.
Part | measures satisfaction within each identified domain; Part 11 measures the perceived
importance of each item. Satisfaction scores are weighted by importance. The Quality of Life
Index has been used in several studies of breast cancer patients and content and construct
validity is established (Ferrans and Powers, 1985). Internal consistency (Cronbach alpha) in
breast cancer patients was 0.93-0.96 (Ferrans, 1990; Hughes, 1993). Criterion validity was
0.80 (Ferrans, 1990). Sensitivity to change was demonstrated in 27 studies. Test-retest
reliability was 0.87 (Ferrans and Powers, 1985).

2.3.2. Jalowiec Coping Scale (JCS)—The JCS is a 60 item self report measure that
assesses use and efficacy of coping behaviors. JCS allows for classification of dispositional
coping style into the following categories: evasive, confrontive, fatalistic, palliative, self
reliant, emotive and optimistic and has been used in cancer patients. The Cronbach alpha
coefficient for the total score, based on 24 studies, was 0.86. Stability reliability was
demonstrated by test-retest procedures with results ranging from 0.78 to 0.91 (Jalowiec,
1993).

2.3.3. Demographic, Health and Medical History Form—Demographic information
was collected and included age, race, marital status, education, and employment status. Medical
records were reviewed to obtain information regarding cancer pathology and cancer treatment.
Ateach assessment a health history form was completed by participants and included questions
related to presence of other medical conditions or diseases, current use of prescription and non-
prescription medications and supplements, and occurrence of recent infectious illness.

2.3.4. Mindful Attention Awareness Scale (MAAS)—MAAS is a 15-item scale that
measures the general tendency to be attentive to and aware of present moment experiences in
daily life, using both general and situation specific statements. MAAS scores range from 1 to
6 and higher scores indicate greater mindfulness. Factor analyses of adult sample data show a
single factor structure (Brown and Ryan, 2003) and in a cancer population, levels of internal
consistency of >0.67 (Carlson and Brown, 2005).
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2.4. Immune and Cortisol Measures

2.4.1.Isolation of peripheral blood mononuclear cells—Blood was collected in sterile
heparinized tubes and processed immediately. Some blood samples had insufficient volume
(e.g., tubes incompletely filled due to technical or venous access issues) that prevented analysis
of all immune outcomes. In such cases, priority was always given to NKCA followed by
cytokine analysis. Heparinized peripheral blood was overlaid onto Ficoll/Hypaque and
centrifuged at 1000 x g for 20 min. The peripheral blood mononuclear cells (PBMC) at the
interface were washed twice with Hank's Balanced Salt Solution prior to assessment of NKCA,
phenotypic analysis, or cytokine production. Phenotypic analysis was as described previously
(Nagabhushan etal., 2001). Briefly, isolated PBMCs were analyzed with specific fluorochrome
conjugated antibodies in order to identify specific subsets of PBMCs including: CD3 for T
lymphocytes, CD16 and/or CD56 for NK cells; CD4 for helper lymphocytes; CD8 for cytotoxic
lymphocytes, and CD16 single positive cells were identified as circulating monocytes. Semi-
quantitative analysis of the phenotypic expression of relevant leukocyte surface molecules was
determined by immunofluorescence using a FACS Star Plus System. Antibodies reactive with
surface markers were obtained as direct conjugates from BD Biosciences, San Jose, CA.
Interassay variability ranges for laboratory PBMC values ranged from 1.5 — 7.9%.

2.4.2. Natural killer cell activity (NKCA)—K?562 tumor cells, obtained from the American
Type Culture Collection, Rockville, MD, were radioactively labeled with 100 uCi of [°1Cr]
(New England Nuclear, Boston, MA). Radiolabled K562 cells were incubated for 4 hr with
PBMC. Following incubation, the supernatants were removed using a Skatron harvesting press
(Skatron Inc., Sterling, VA) and the associated radioactivity was determined. Effector to target
ratios for NKCA was 50, 25, 12 and 6:1.

Results are expressed as % cytotoxicity and calculated by the formula:
(expertimental DPM:)—(minimum DPM) % 100

(maximum DPM) — (minimum DPM)

% Cytotxicity=

All experimental means were calculated from triplicate values. Lytic units (LU) were calculated
by a program written by David Coggins, FCRC, Frederick, MD and represents the number of
cells per 107 effectors required to achieve 20% lysis of the targets. *DPM=disintegrations per
minute.

2.4.3. Evaluation of PBMC for cytokine production—Cytokines were measured under
optimal conditions in bulk PBMC culture supernatant fluids as described previously (Witek-
Janusek and Mathews, 1999). Briefly, PBMC (1 x 108 cells/ml) were cultured with and without
PMA/PHA (PMA @ 20 ng/well; PHA @ 0.05%/well) in 24 well plates for 48 hr at 37 °C.
Aliquots of the culture supernatants were stored at —80 °C for subsequent cytokine analysis.

2.4.4. Cytokine measurement (ELISA)—AII cytokines were measured using quantitative
sandwich enzyme immunoassay techniques (Quantikine kits, R & D Systems, Minneapolis,
MN). Sensitivities for cytokines were; IL-2 < 7 pg/ml, IL-6 <0.7 pg/ml, IFN gamma <3 pg/
ml, IL-10 < 2 pg/ml, and IL-4 < 4.1 pg/ml). The coefficient of variation ranged between 2.6 —
4.9% for the individually assessed cytokines.

2.4.5. Cortisol—To avoid confounds due to the diurnal pattern of cortisol secretion, cortisol
(PM values) was measured only in those women whose blood was obtained in the late afternoon
and/or evening (4—6PM). The number of women who had PM samples in the MBSR group
was (T1=26, T2=25, T3=32, T4=16), while numbers for the control women were (T1=17,
T2=15, T3=10, and T4=11). Cortisol was determined by radioimmunoassay using
commercially available kits (Diagnostics Products Corporation, Los Angeles, CA). The
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sensitivity of the assay was 0.2ug/dl and the coefficient of interassay variability ranged from
3.0-4.8%.

2.5. Statistical methods

Data are expressed as means with the standard error of the mean (SEM) or standard deviation
(SD) as noted. Main study variables were analyzed using repeated measures ANOVA to
determine whether there were within group differences over time, between group differences
(MBSR versus Non-MBSR), as well as if there were any interactions of treatment group with
time. Significant outcomes were further analyzed using one-way ANOVA to determine post-
MBSR program group differences at the T3 and T4 time points only. To accommodate these
pre-planned comparisons, the Bonferroni correction was applied and the alpha was adjusted
to 0.025. Analysis of other variables used an alpha of 0.05. The Statistical Package for Social
Sciences (SPSS: version 13.0) was used for data analysis.

3. Results

3.1. Subjects

Table 1 summarizes the demographic and cancer-related variables of women in the three study
groups. There was no difference in the age of women in the MBSR, Non-MBSR, or Cancer
Free comparison group. Stage of cancer and surgical treatment for cancer was not statistically
different for women in the MBSR group compared to the women in the Non MBSR group.
Overall women with breast cancer had either Stage 0 (in situ), Stage 1, or Stage 2 breast cancer,
with the majority of women in both groups (MBSR and Non-MBSR) having Stage 1. Women
in both cancer groups were predominately treated with breast conservation surgery. The
majority of women in all groups were married, employed, and Caucasian and no statistical
difference in these demographics were found.

3.2. Immunological Assessments

Figure 2a illustrates NKCA, expressed as lytic units, for women in the MBSR and Non-MBSR
groups for the 4 assessment times (T1-T4). For normative purposes, NKCA is also shown for
a group of age-matched women who were Cancer Free (assessed at one time point only). A
significant main effect of time was revealed, indicating that NKCA changed within groups
over the time periods of assessment [(F=2.941; df (3,141); p=0.035]. Also, a significant main
effect of treatment [F=7.308; df (1,47); p=0.010] and a significant interaction between
treatment and time [(F=3.480; df (3,141); p=0.018] was revealed. These analyses demonstrate
that women in the MBSR group had an increase in their NKCA that emerged with time so that
by T4 the NKCA of women in the MBSR group was significantly greater than that of the
women in the Non-MBSR group (p=0.002). The confidence interval for the difference between
the means at T4 is (98% CI = 43.6 to 62.2 LU). It is noteworthy that at T3 and T4 the NKCA
for the MBSR group, but not the Non-MBSR group, returned to levels that did not differ
(p>0.05) from that of Cancer Free women. These results show improvements in NKCA for the
group of women enrolled in the MBSR program but not so for women in the Non MBSR group.
Phenotypic analysis of circulating NK cells and other PBMC subsets was performed for CD56
+ bright and dim NK cells, CD16+56+ NK cells, CD3+, CD4+, CD8+, CD16+ and CD19+
subsets. No difference between the MBSR and Non-MBSR groups of women (or the Cancer
Free group of women) for any of these subsets was found at any time point. Data are not shown.
These results imply that the difference in NKCA between these groups of women was not due
to numerical changes in circulating NK cells but rather was due to changes in functional NKCA.

Production of cytokines by PBMC of these groups of women was analyzed statistically in a
similar manner. Figure 2b illustrates the production of IFN gamma, expressed as ng/ml of cell
culture media, for women in the MBSR and Non-MBSR groups for the 4 assessment times.
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The analysis revealed a significant main effect of treatment [F=8.193; df (2,59); p=0.001] and
a significant interaction between treatment and time [(F=2.981; df (6,77; p=0.043] such that
production of IFN gamma by PBMC of women in the MBSR group over time was greater than
for women in the Non-MBSR group. The difference between the MBSR and Non-MBSR group
approached significance (p=0.027; 98% CI = 6.2-14.7 ng/ml) at T4. It is noteworthy that at
T4 the IFN gamma production by the MBSR group, but not the Non-MBSR group, attained
levels that did not differ (p > 0.05) from that of Cancer Free women.

For IL-4 production, the analysis revealed a significant main effect of time, indicating that IL-4
production changed within groups over the time periods of assessment [(F=2.897; df (3,99);
p=0.039]. Also, a significant main effect of treatment [(F=12.420; df (1,33); p=0.001] and a
significant interaction between treatment and time [(F=3.298; df (3,99); p=0.024] were
revealed, such that PBMC from the women in the MBSR group produced less IL-4 over time,
while the PBMC of women in the Non-MBSR group produced more IL-4 over time. See Figure
3a. These differences were significant (p =0.001) at both post MBSR time points, T3 (98%ClI
=0.033 t0 0.057) and T4 (98% CI = 0.034 to 0.035). At T4, production of IL-4 by the PBMC
of the MBSR group, but not that of the Non-MBSR group, was similar (p > 0.05) to that of the
PBMC of the Cancer Free women.

For IL-6 production, repeated measures ANOVA revealed a significant main effect of
treatment [(F=5.091; df (1,33); p=0.031] in that women in the MBSR group showed reduced
production of IL-6 with respect to the Non-MBSR group, which emerged as significant
(p=0.008) at T4 (98% CI = 14.37 to 15.09). See Figure 3b. At T3 and T4, IL-6 production
observed in the MBSR group was similar (p > 0.05) to that of the Cancer Free group.

For IL-10 production by PBMC, the analysis revealed only a significant main effect of
treatment (i.e., group) [(F=4.822; df (1,33); p=0.035] indicating that women in the Non-MBSR
group showed increased PBMC production of 1L-10 with respect to the MBSR group. See
Figure 3c. The difference between the MBSR and Non-MBSR group was significant at T3
(p=0.015; 98% Cl = 2.12 to 2.28) and T4 (p = 0.016; 98% CI = 1.88 to 1.93). At T4, IL-10
production for the MBSR group of women was similar (p > 0.05) to that of Cancer Free women.
Phenotypic analysis of circulating PBMC subsets showed no difference between the MBSR
and Non-MBSR groups of women (or the Cancer Free group of women) at any time point.
These results imply that differences in cytokine production between these groups of women
were not due to numerical changes in the PBMC subsets.

3.2. Plasma Cortisol

Figure 3d illustrates cortisol levels for the two groups of women with breast cancer (MBSR
and Non-MBSR) and for the Cancer-Free group of women. Repeated measures ANOVA
revealed a significant group effect [F=5.115; df (1,42); p=0.001], such that women who were
not enrolled in the MBSR program exhibited greater cortisol levels. At completion of MBSR
(T3) cortisol levels were significantly less (p=0.002) in the MBSR group compared to the Non-
MBSR group (98% CI = 10.7 to 30.59 ng/ml). With respect to the Cancer Free women, women
in both the MBSR and the Non-MBSR groups had significant elevations (p<0.05) at all times.

3.3. Quality of Life and Coping Assessments

Figure 4a shows absolute changes in the total QOL scores from baseline (T1) for the MBSR
group compared to the Non-MBSR group. Repeated measures ANOVA revealed a significant
group effect [F=5.582; df (1,45); p=0.023], in that women who completed MBSR reported
better total QOL with respect to women in the Non-MBSR group. One way ANOVA between
the two groups approached significance at T3 (p = 0.033; 98%CI = 2.24 to 2.38) and attained
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significance at T4 (p = 0.018; 98%CI = 2.11 to 2.27). There was no interaction of treatment
by time for the total QOL score.

An analysis of QOL subscales showed that changes in total QOL were predominately due to
differences in the psychological-spiritual domain and the family domain. As shown in Figure
4b for the psychological-spiritual domain, there was a significant treatment effect [F=12.493;
df (1,44); p=0.001] and a significant interaction of treatment by time [F=4.955; df (2,88);
p=0.009] in that women in the MBSR group reported more satisfaction over time in
psychological-spiritual QOL than Non-MBSR women. One way ANOVA showed that
significant group differences occurred at T3 (p=0.004; 98% CI = 3.43t04.57) and T4 (p=0.001;
98% CI = 2.99 to 4.01). Regarding the family domain, a significant treatment effect [F=4.214;
df (1.44); p=0.046] revealed that women in the MBSR group reported increased changes in
life satisfaction with respect to family compared to the Non-MBSR group of women (Figure
4c). This effect was marginal at T3 (p=0.06; 98% CI = 2.75 — 3.21) and marginal at T4
(p=0.046; 98% CI = 1.72 — 3.80). No interaction of treatment by time was found for the family
subscale. No significant differences were found in the remaining 2 domains (health/functioning
and socioeconomic) of QOL.

An assessment of coping was made using the Jalowiec Coping Scale, which asks respondents
to report the frequency of coping styles used, followed by an evaluation of the effectiveness
of those coping styles. Eight coping styles were assessed: confrontive, evasive, optimistic,
fatalistic, emotive, palliative, supportant, and self-reliant. Of these eight styles the effectiveness
of two coping styles was found to differ between the MBSR group compared to the Non-MBSR
group, these being Optimistic and Supportant Coping effectiveness. For optimistic coping there
was a significant interaction of treatment over time [(F=10.188; df (2,94); p=0.001] and a
significant main effect of treatment [(F=3.504; df (2,94); p=0.034]. See Figure 5a. One-way
ANOVA revealed a marginal significance (p=0.04) at T4 only (98% CI = 3.44 to 4.54). With
respect to the effectiveness of Supportant coping (Figure 5b), a significant treatment effect was
found [F= 4.347; df (1, 50); p=0.04]. This effect was significant at T4 only (p=0.025; 98% ClI
=2.19t0 2.86).

Assessment of mindfulness using the MAAS showed no significant changes (p>0.05) from
T1-T4, or differences in MAAS scores between the MBSR group versus the Non MBSR group.
MAAS scores for the MBSR group from T1 to T4 were: 61+4, 59+4, 644, 624, respectively;
while MAAS scores for the Non MBSR group from T1 to T4 were: 62+4, 634, 65+4, 61+4,
respectively.

4. Discussion

The emotional impact and the rigors of cancer treatment can adversely affect QOL (Carver et
al., 2005; Carver etal., 2006; Longman et al., 1999) and efforts to improve QOL for individuals
with cancer is a priority of integrative cancer care (Boyd, 2007). Cancer survivors do not
recover from the crisis of cancer as rapidly as those recovering from acute medical situations
but journey through distinct phases of adaptation (Cella and Tross, 1986; Marcus, et al.,
1998). Interventions provided at critical times during the adaptation to cancer can equip patients
with skills that facilitate long-term adaptation and improve QOL. In this study women who
enrolled in the MBSR program during their cancer treatment reported more improvement in
their QOL compared to the women in the Non-MBSR control group. The emergence with time
and the persistence of this effect at the 1 month follow-up likely reflect the progressive
attainment of skills taught over the 8 week MBSR program. Others also showed that MBSR
improves global QOL (using the European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire) in cancer patients enrolled into MBSR after completion of
cancer treatment (range: 3 months to 20 years post treatment) (Carlson et al., 2003; Carlson et

Brain Behav Immun. Author manuscript; available in PMC 2009 August 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Witek-Janusek et al.

Page 10

al., 2004). QOL was measured in the present study by administering the Ferrans and Powers
Quality of Life Index. Ferrans defines QOL as “a person’s sense of well-being that stems from
satisfaction or dissatisfaction with the areas of life that are important to him/her” (Ferrans,
1990). Measuring QOL as an individual’s satisfaction with the aspects of life that they value
is unique compared to other measures of QOL. The results reported herein show that only two
of the four domains of QOL evaluated, the psychological-spiritual and the family domains
showed improvements; whereas, health and functioning and socioeconomic domains were not
changed by MBSR. These findings suggest that MBSR allows individuals facing a potentially
life-threatening situation to find more value or meaning and satisfaction in family and
psychological-spiritual domains of QOL. An evolving literature supports the notion that some
individuals with cancer undergo post-traumatic growth, which leads to benefit finding in the
face of adversity (Bellizzi, 2004; Carver and Antoni, 2004; Lechner, et al., 2006) and MBSR
may facilitate such growth (Garland, et al., 2007).

Certain coping mechanisms are useful to deal with the emotional trauma that cancer engenders
and may facilitate adaptation and positive growth; whereas, other coping behaviors (pessimism,
cognitive avoidance, substance abuse, hopelessness) are likely to be maladaptive and lead to
poor adjustment (Hack and Degner, 2004; Low, et al., 2006; Schou, et al., 2004; Stanton, et
al., 2002). The results of this study show that women in the midst of breast cancer treatment,
who participated in the MBSR program, reported more improvements in coping effectiveness.
Of the eight coping styles measured, coping effectiveness improved for supportant coping and
for optimistic coping styles only. Supportant coping styles include the use of personal,
professional, and spiritual support systems. Optimistic coping styles include use of positive
thinking, maintaining a positive outlook, and making positive comparisons (Jalowiec, et al.,
1984). Those coping styles not improved by MBSR were: confrontive, avoidant, fatalistic,
emotive, palliative, and self-reliant coping. It is purported that MBSR increases an individual’s
ability to cope, yet little, if any, data exists to substantiate this. These results suggest that MBSR
does not have a wide-ranging impact on coping but rather has specific effects that promote
better use of support systems and promote a more positive outlook regarding one’s cancer
experience. Being optimistic and using positive reframing styles of coping have been found to
be related to benefit finding in breast cancer patients and may facilitate adaptation to cancer
(Uchino, 2006). Further, an evaluation of early-stage breast cancer patients found that trait
optimism was a key predictor of long-term QOL (Carver et al., 2006). These results suggest
that facilitation of psychological adjustment, conferred by MBSR, during the diagnostic and
treatment phase may yield long-term benefits on QOL for cancer survivors. An increase in
optimistic coping may promote a more positive affect. Others have shown that MBSR in well-
individuals leads to increased electrical activity in areas of the brain that mediate positive
emotions, while also increasing the antibody response to the influenza vaccine in those
individuals (Davidson et al., 2003). Both trait optimism and positive affect have been shown
to produce beneficial effects on immune function (Marsland, et al., 2006, 2007; Pressman and
Cohen, 2005; Segerstrom, 2005; Stone, et al., 1987; Valdimarsdottir and Bovbjerg, 1997).
Likewise, social support has been shown to have beneficial effects on immune function in
cancer patients (Lutgendorf, S. K., et al., 2005; Marucha, et al., 2005; Spiegel and Sephton,
2001; Uchino, 2006). In the present study, participants in the MBSR program perceived greater
effectiveness of their support systems, suggesting social support as another possible mediator
of the immune effects observed.

Mindfulness is defined as paying attention to one’s inner experiences (i.e., emotions and
cognitions) in a non-judgmental or accepting manner. The cultivation of mindfulness through
training allows an individual to decrease habitual or automatic responses to stressful
experiences. Over time one develops insight, and possibly acceptance, of life events (which
one cannot change) so that activation of stress response systems is reduced (Brown and Ryan,
2003; Kabat-Zinn, 1990). Mindfulness was measured in this study using the Mindful Attention
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Awareness Scale (MAAS), which measures the general tendency to be attentive to and aware
of present moment experiences in daily life (Brown and Ryan, 2003). No changes in MAAS
scores was observed in the women enrolled in the MBSR program, nor were any differences
observed between the MBSR group and the Non-MBSR group. A factor analysis of five
mindfulness instruments found that collectively these instruments assess five distinct facets of
mindfulness, supporting the notion that mindfulness is a multifaceted construct (Baer, et al.,
2006). Our observation of no change in MAAS scores in women who completed the MBSR
program may be because the MAAS measures only one facet of mindfulness and did not capture
other facets of mindfulness that may have been affected by the MBSR program (Baer et al.,
2006). Use of a multifaceted measure of mindfulness in future studies may discern how MBSR
benefits ill populations.

Baseline assessments of immune function for both groups of women with cancer (MBSR and
Non MBSR) revealed a general reduction in NKCA and in IFN gamma production, with an
increase in IL-4, IL-6 and IL-10 production. Women who were enrolled in the MBSR program
exhibited a restoration of NKCA and cytokine balance; whereas, women in the Non MBSR
control group continued to exhibit immune dysregulation. By T4 and in some cases T3, women
enrolled into the MBSR program obtained “cancer free” levels, immunologically. In contrast,
the women in the Non-MBSR group did not return to cancer free levels even at 3 months (T4)
following study entry. These results may have implications for cancer control, as there is now
abundant evidence in experimental animals (most convincingly in genetically altered mice)
that immune function (particularly components of the innate immune system such as NK cells
and immune modulating cytokines like IFN gamma) controls tumor growth and progression,
with the most dramatic effect on epithelial tumors like breast cancer (Dighe, et al., 1994; Kagi,
etal., 1994; Kaplan, et al., 1998; Seki, et al., 2003; Smyth, et al., 1998, 1999, 2005a, 2005b;
Street, et al., 2001; van den Broek, et al., 1996; Wallace and Smyth, 2005). In humans, not
unexpectedly, this issue is not as clearly resolved. However, there is substantial evidence that
human NK cells can recognize and destroy transformed tumor cells. This evidence is not simply
the lysis of tumor cell lines in cell culture, but includes an understanding of the molecular
display of DNA damaged tumor cells that express genotoxic, danger signals recognized by NK
cells (Cosman, et al., 2001; Gasser, et al., 2005; Onda, et al., 2001; Oppenheim, et al., 2005;
Radosavljevic, et al., 2002; Smyth et al., 2005a). The clinical significance of immune
modulation during cancer is supported in several ways. High levels of NKCA in cancer patients
correlate with a good prognosis (Gonzales, et al., 1998; Koda, et al., 1997; Liljefors, et al.,
2003; Nakamura, et al., 2000; Seo and Tokura, 1999; Taketomi, et al., 1998). Impaired NKCA
correlates with invasiveness of human malignancy (Levy, et al., 1984) and reduced NKCA is
a significant prognostic indicator of lymphatic involvement, serosal invasion, lymph node
metastatic disease and a poorer survival rate (Takeuchi, et al., 2001). NK cell infiltration into
primary tumors is associated with fewer metastases to the lymph nodes and less lymphatic
invasion (Koda et al., 1997). Notably, in a 13 year follow-up of cancer patients, NKCA was
significantly related to overall survival, progression free survival, and response rate. Of
particular importance, patients in that study were stratified into those with high versus low
NKCA and overall survival for patients was 71 weeks versus 30 weeks, respectively. Further,
NKCA was an independent prognostic factor for overall survival in that study (Liljefors et al.,
2003). It is worth noting that breast cancer cells can express relatively little or no HLA
(Redondo, et al., 2003; Zia, et al., 2001). This is a particularly important observation with
relevance to breast cancer in that “recognition” of missing HLA is one means by which NK
cells destray tumor cells. This form of cancer control may be of importance for cancers that
disseminate via the lymphatics and blood stream (e.g. breast cancer). For early stage breast
cancer, surgery and/or adjuvant therapy, like radiation therapy, removes tumor burden and is
also thought to eliminate any nascent tumor cells. Prognosis is good, but the disease can recur
after apparent successful eradication of the tumor. Recurrence occurs in some women but not
in others. The reasons for this are unclear and certainly are multiple, but it is possible that
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reduced NKCA may contribute to this recurrence. Whether or not reductions in this form of
immune function can be related to recurrence incidence, remains unresolved. However, it is
clear that the early survivorship period is a vulnerable period and is an important “window of
opportunity” for such an intervention like MBSR (Lutgendorf, S. et al., 2007).

The effect of MBSR on NKCA in patients newly diagnosed with cancer has not been evaluated
previously. However, a series of uncontrolled evaluations in cancer survivors (i.e., beyond
treatment) have reported changes in PBMC intracellular cytokine production (Carlson et al.,
2004, 2007). Those changes were best revealed at 6 and 12 months post MBSR training and
were most pronounced for T lymphocyte intracellular production of IFN gamma and TNF.
Those results are difficult to compare to the results reported herein in that follow-up of subjects
evaluated in this study was at 1 month after the completion of MBSR training. Further, PBMC
activation in this study was for 48 hours with a measurement of released cytokines, while
PBMC activation was for 4 hours with assessment of intracellular cytokines in the Carlson et
al. studies. Each approach has distinct advantages for the measurement of immune function
but the assessment of released cytokines after 48 hours permits a measurement of the global
cytokine response by PBMC within the context of other produced cytokines. Further the
Carlson et al. studies evaluated subjects who had completed multiple immune-altering
treatments for periods ranging from 3 months to 20 years prior to study enrollment; since a
control group was not used, observed improvements, as noted by the authors, could be a
consequence of recovery from the effects of treatment (Carlson et al., 2007). It is clear that the
two study populations are quite dissimilar and that the methods of immune assessment differ
as well. These differences may explain any inconsistencies among the studies.

Women in the MBSR group had reduced cortisol levels compared to women who received
usual care. Albeit, the results obtained for cortisol are limited in that only a subgroup of women,
who had blood drawn in the late afternoon could be evaluated. However, it is likely that
reduction of circulating cortisol may contribute to the immune changes observed. By sequence
association of neurochemical and immunological variables, it is apparent that differences
between the groups of women with breast cancer were observed for cortisol concentration and
for IL-4 production. By T3 such differences were observed for cortisol concentration and for
IL-4 and IL-10 production. By T4, differences between the two groups of women with breast
cancer were observed for NKCA, IL-4 and IL-10 production, as well as IFN gamma production.
This temporal sequence suggests that changes in cortisol concentration and IL-4 production
may influence NKCA and IFN gamma production and also influence IL-10 production.
Cortisol, IL-4 and IL-10 have been separately shown to diminish NKCA and IFN gamma
production. (Chrousos, 2000; Daynes, et al., 1990; Maes et al., 1999; Marshall et al., 1998;
Rook, et al., 1994). Both NKCA and IFN gamma production have been demonstrated to be
involved in immune surveillance, controlling not only tumor initiation, but also tumor
metastasis and tumor growth (Dighe et al., 1994; Kagi et al., 1994; Kaplan et al., 1998; Seki
etal., 2003, Smyth et al., 1998, 1999; Smyth et al., 2005a, 2005b; Street et al., 2001; van den
Broek et al., 1996; Wallace and Smyth, 2005). Therefore, these data support the concept that
women enrolled in MBSR would have in place "normalized” cancer control measures that
women in the Non-MBSR group would not have. Neuroendocrine activation (as evidenced by
cortisol) can result in the production of proinflammatory (IL-6) and Th2 (IL-4, IL10) cytokines
with reductions in Th1 (IFN gamma) cytokines and NKCA. The milieu of the immune system
is influenced by neuroendocrine activation and also by the cytokine microenvironment of the
immune cells. IL-4 and particularly 1L-10 can negatively impact Thl cytokines and NK cells.
This possibility is reflected in the global cytokine data, wherein IL-4, IL-6 and IL-10 were
initially increased for all women with breast cancer. Over time, these cytokine levels increase
in the Non-MBSR group, while these cytokine levels decrease in the MBSR group. Reductions
in these cytokines may allow for normalization of Th1l cytokines (e.g. IFN gamma) as well as
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NKCA. The net result is that women enrolled in MBSR return to immune homeostasis more
rapidly than women not enrolled in MBSR.

The conclusions drawn from the results of this study are limited because women were not
randomly assigned to the MBSR program and group membership may reflect selection bias.
For example, women who selected MBSR may have had preconceived expectations of MBSR
and this may have influenced their response to the quality of life and coping measures. Although
thisis a possibility, if this were true, one would expect that there would be a global improvement
in all domains of QOL, as well as improvement in most of the coping styles assessed. Yet, only
two of the four domains of QOL and two of the eight styles of coping showed improvement.
Also, the efficacy of MBSR in providing psychological and quality of life benefits is consistent
with what others have shown in previous studies (Speca et al., 2000; Carlson et al., 2001,
2003, 2004, 2007). Imbalance in treatment and demographic variables, as a result of lack of
randomization, may also confound results. However, this study used restricted diagnostic and
treatment inclusion criteria, which allowed enrollment of a relatively homogenous group of
women with breast cancer. Overall, the cancer groups were well balanced with respect to
disease, treatment, and demographic variables. Nevertheless, the lack of randomization
remains a design limitation.

Despite such limitation, the findings of this study provide valuable and unique contributions
to the study of MBSR and to psychoneuroimmunology. Regarding MBSR, the majority of
published studies lack a control group and adaptation (i.e., “recovery”) of cancer patients is
not accounted for in those previous studies (Carlson et al., 2001, 2003, 2004, 2007). In fact,
only one randomized wait list control study has been published, which was limited to an
evaluation of the psychological effects of MBSR in cancer patients who were enrolled well-
beyond their cancer treatment (Speca et al., 2000). To our knowledge, no other study has
evaluated benefits of MBSR in recently diagnosed cancer patients during treatment. Immune
dysregulation may jeopardize cancer control, especially at critical times marked by risk of
tumor dissemination, such as in the peri- treatment period. Immune cancer control mechanisms
are thought to be more important at this time, when the bulk of the tumor burden is removed,
and when there is risk that nascent tumor cells might disseminate (Lutgendorf et al., 2007).
The early provision of interventions to restore immune function during this pivotal time is
clearly important. Finally, interventions offered at vulnerable times during the adaptation to
cancer, can equip patients with skills that will facilitate long-term adaptation and improved
QOL. The results reported herein, support the need for future studies that evaluate these
concepts in large scale randomized clinical trials of MBSR for individuals diagnosed with
cancer.
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Figure 1.
The experimental design and study flow diagram is illustrated.

Brain Behav Immun. Author manuscript; available in PMC 2009 August 1.

|

T2 Assessment
1-month

|

T3 Assessment
2-months

}

T4 Assessment
3-months




1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Witek-Janusek et al.

120 -

Page 20

100

Lytic Units 20%

Interferon Gamma ng/ml

i

B MBSR
O Non-MBSR

T1 T2 T3 T4 Cancer-
Free

20 b
18 '|'

16
14
12

B MBSR
O Non-MBSR

ON DO

T1 T2 T3 T4 Cancer-
Free

Figure 2.

a. NKCA, expressed as lytic units at 20%, is illustrated for the MBSR and Non-MBSR groups,
and for women without cancer (Cancer-Free). Peripheral blood was collected and NKCA was
measured using K562 tumor cells as the target. ANOVA: Time effect p=0.035, Treatment
effect p=0.010, Interaction of Treatment x Time p=0.018. b. PBMC production of IFN gamma
is depicted for MBSR and Non-MBSR groups and for women without cancer (Cancer-Free).
Peripheral blood was collected, PBMC were activated with PMA/PHA and culture
supernatants were collected at 48 hr. Cytokine concentration was determined by ELISA.
Repeated measures ANOVA; Treatment effect, p=0.001 and Interaction of Treatment x Time
p=0.043. Bars represent the mean values +/— SEM.
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Figure 3.

a. PBMC production of IL-4 is depicted for the MBSR and Non-MBSR groups, and for women
without cancer (Cancer-Free). Repeated measures ANOVA: Time effect p=0.039, Treatment
effect p=0.001, Interaction of Treatment x Time p=0.024. b. PBMC production of IL-6 is
depicted for the MBSR and Non-MBSR groups, and for women without cancer (Cancer-Free).
Repeated measures ANOVA: Treatment effect p=0.031. c. PBMC production of IL-10 is
depicted for women in the MBSR and Non-MBSR groups, and in comparison to women
without cancer (Cancer-Free). Repeated measures ANOVA: Treatment effect p=0.035. For a.-
c. Peripheral blood was collected, PBMC were activated with PMA/PHA and culture
supernatants were collected at 48 hr. Cytokine concentration was determined by ELISA. d.
Circulating cortisol levels (PM values) are shown for women in the MBSR and Non-MBSR
groups, and in comparison to women without cancer (Cancer-Free). Repeated measures
ANOVA: Treatment effect p=0.024. Cortisol concentration was determined by ELISA. Bars
represent the mean values +/— SEM.
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a. Total quality of life is depicted for women in the MBSR and Non-MBSR groups. Quality
of life was measured using the Ferrans Quality of Life Index and absolute change from T1 is
depicted. Repeated measures ANOVA; Treatment effect p=0.023. b. The Psychological/
Spiritual subscale of the Ferrans Quality of Life Index is depicted for women in the MBSR
and Non-MBSR groups. Quality of life was measured using the Ferrans Quality of Life Index
and absolute change from T1 is depicted. Repeated measures ANOVA,; Treatment effect
p=0.001, Interaction of Treatment x Time p=0.009. c. The Family subscale of the Ferrans
Quality of Life Index is depicted for women in the MBSR and Non-MBSR groups. Quality of
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life was measured using the Ferrans Quality of Life Index and absolute change from T1 is
depicted. Repeated measures ANOVA: Treatment effect p=0.046.
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Figure 5.

a. The Optimistic Effectiveness subscale of the Jalowiec Coping Scale is depicted for women
in the MBSR and Non-MBSR groups. Absolute change from T1 is depicted. Repeated
measures ANOVA,; Time effect p=0.08, Treatment effect p=0.001 and Treatment x Time effect
p=0.034. b. The Supportant Effectiveness subscale of the Jalowiec Coping Scale is depicted
for women in the MBSR and Non-MBSR groups. Absolute change from T1 is depicted.
Repeated measures ANOVA: Treatment effect p=0.04.
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SD = Standard Deviation; No statistical differences were observed among any of the groups.

Brain Behav Immun. Author manuscript; available in PMC 2009 August 1.

Table 1
Characteristics of study groups.
MBSR Group Non-MBSR Group Cancer Free Group
N=38 N=28 N=30

Age (mean years +/— SD) 55+/-10 54+/-8 55+/-9
Stage of Cancer

« Stage 0 (in situ) 37% 25%

* Stage 1 50% 71%

« Stage 2 13% 4%
Breast Cancer Surgery

* Breast Conservation 87% 96%

» Mastectomy 13% 4%
Education (mean years +/-SD) 16+/-4 16+/-3 18+/-4
Marital Status

» Married 66% 75% 78%

« Single 11% 11% 22%

* Divorced 13% 4% 0

» Widowed 8% 0 0

« Unknown 2% 10% 0
Employment

» Employed 61% 68% 84%

* Unemployed 29% 21% 16%

* Unknown 10% 11% 0
Race

* Caucasian 84% 79% 93%

« African American 10% 11% 7%

« Hispanic 3% 0 0

* Pl/Asian 3% 7% 0

* Unknown 0 0 0



