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Abstract

While psychosocial factors are known to affect cancer progression via biobehavioral pathways in
many patient populations, these relationships remain largely unexplored in hematopoietic stem
cell transplant (HCT) patients. The purpose of this paper is to critically review the literature
regarding psychosocial and endocrine/immune aspects of HCT, with an emphasis on exploring
pathways that may mediate the associations between psychosocial factors and disease outcomes.
These include the roles of catecholamines, glucocorticoids, inflammation, vascular endothelial
growth factor (VEGF), immune reconstitution and infectious susceptibility, as well as the new
opportunities available in genomics research. We also discuss the implications for potential
immunomodulating psychosocial interventions. Elucidating the biological pathways that account
for the associations between psychosocial factors and clinical course could ultimately lead to
improved outcomes for this psychologically and immunologically vulnerable population.
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1. Introduction

Multiple psychosocial factors significantly affect cancer progression via biobehavioral
pathways in various populations (Antoni et al., 2006; Costanzo et al., 2011). Researchers
have identified several psychological processes as likely predictors of cancer progression;
these include, but are not limited to, mood (depression/anxiety), social support, stress,
optimism, loneliness, and socioeconomic status. Advances in mechanistic studies continue
to identify biological signaling pathways that may be responsible for such effects (Costanzo
et al., 2011; Lutgendorf and Sood, 2011; McGregor and Antoni, 2009). Biobehavioral
psychooncology research has focused most consistently on specific solid tumors and virally-
mediated cancers, yet many other types of cancers remain largely unexplored.

One such common group of cancers, hematologic malignancies, is often treated with
hematopoietic stem cell transplantation (HCT). While some studies have demonstrated an
association between several psychosocial factors and HCT outcomes (Hoodin et al., 2006),
the biobehavioral pathways accounting for this association remain unknown. Despite the
high psychological and immunological vulnerability in HCT recipients, little
psychoneuroendocrinology (PNE) or -immunology (PNI) research has been conducted in
this population. This may be in part because of the inherent complexity of the endocrine and
immunobiologic changes occurring in the transplant setting, requiring a depth of basic and
clinical knowledge to explore PNE/PNI-mediated outcomes in this population. Costanzo et
al recently discussed biobehavioral influences on recovery following HCT (Costanzo et al.,
2012). In this review we consider additional perspectives such as genomics, with greater
focus on the implications of neuroendocrine pathways.

It is an especially salient time to expand our understanding of the biobehavioral outcomes
and mechanisms of cancer and its treatments given the Institute of Medicine’s statement that
providing appropriate psychosocial services to all cancer patients and their families should
become standard in quality cancer care (Adler and Page, 2008). This article surveys
pertinent oncologic biobehavioral literature with the goal of proposing relevant pathways of
study of HCT recipients and their specific biology. We begin with a brief overview of
hematopoietic stem cell transplantation. We then discuss the current state of psychosocial
research in HCT patients, reviewing key findings and current conceptual and
methodological limitations of published studies to date, emphasizing the rationale and
direction for further PNE/PNI research in this population. We then propose candidate
physiological markers for novel research based on psychooncologic principles. Finally, we
consider the role of genomics as well as possible targets for interventions research.

2. Hematopoietic Stem Cell Transplantation Overview

With 7,000 allogeneic and 12,000 autologous HCTs performed in North America in 2010,
the annual number of transplants has doubled over the last two decades (Center for
International Blood and Marrow Transplant Research (CIBMTR), 2012). HCT has been
used to treat a variety of malignant and non-malignant conditions since the late 1960’s. Due
to its increased safety and efficacy for a growing range of hematologic malignancies and
disorders, autoimmune diseases, and solid tumors, its use has greatly expanded in more
recent years. Some of the more common diseases treated with HCT include multiple
myeloma, Hodgkin’s and non-Hodgkin’s lymphoma, acute myeloid leukemia, acute
lymphoblastic leukemia, chronic myeloid leukemia, and chronic lymphocytic leukemia.

HCTs can be quite variable, particularly with respect to the source of the transplanted cells.
Allogeneic transplants (normal marrow or blood stem cells from a compatible donor) are
more problematic than autologous transplants (patient-to-self) since they require higher
intensity suppression of host immune system post-transplant to prevent foreign graft
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rejection and graft-versus-host-disease (GVHD). GVHD is donor T cell attack of host
tissues and is the major complication of allogeneic transplantation. Typically, acute GVHD
develops within the first 100 days post-transplant and is characterized by alloreactive donor
T cells attacking skin, liver, stomach, and intestines. Chronic GVHD usually develops after
100 days post-transplant and is characterized by T lymphocyte imbalances from
overexpansion of pathological subsets and/or loss of appropriate regulation as well as
alloreactive T cells (Lee et al., 2003). Both acute and chronic GVHD remain significant
barriers to long-term health and quality of life following allogeneic transplant, with 20-50%
of recipients experiencing some form of acute GVHD (Ball et al., 2008) and 60-70%
developing chronic GVHD (Lee et al., 2003).

Patients receive their own cells in autologous transplantation, therefore GVHD and graft
rejection do not occur and patients do not require long-term immune suppression. Different
donor sources, conditioning regimens, and infection risk may vary within and/or between
transplant types. The probability of 5-year survival is 15-55% depending on pre-transplant
disease status and transplant and donor type (CIBMTR, 2009). Full immune reconstitution
can take two years or longer to occur; reconstitution is generally faster in autologous stem
cell transplantation. Thus, it is important to consider the heterogeneity of disease and
transplant type when conducting research in the HCT population.

3. Psychoneuro-Endocrine and -Immune Implications for Hematopoietic
Stem Cell Transplant Patients

Patients undergoing HCT experience both unique and severe immunological and
psychological conditions, making them an especially pertinent population for exploring
PNE/PNI mechanisms. While most cancer treatments have significant immunosuppressive
consequences, HCTs involve complete or near-complete ablation of the native marrow with
very high doses of chemotherapy, potentially leaving patients more severely
immunocompromised than patients with other cancers. Furthermore, the process of HCT is
often rife with radical medical interventions and complications, including invasive
diagnostic and treatment procedures as well as infection and GVHD. Thus, treatment often
may be more distressing than other cancer treatments, although this has not been directly
investigated. Compared to other transplants, successful HCT may require prolonged periods
of physical isolation depending on type of transplant, institutional practice, and potential
complications. For patients that do require prolonged isolation there is a high incidence of
psychological disorders, including depression and anxiety (Sasaki et al., 2000). The altered
endocrine milieu associated with psychological distress may play a significant role in the
robustness or speed of immune reconstitution post-transplant.

It remains unclear whether psychosocial variables in general, transplant-related stressors in
particular, or transplant-related exacerbation of prior psychological dysfunction may impact
clinical outcomes (Hoodin et al., 2006). Differentiation of these prognostic factors is
important in designing appropriate screening and interventions. An even greater limitation is
that very few studies have investigated possible biological mediators and mechanisms
linking psychosocial factors to observed differences in HCT morbidity and mortality. This
stands in contrast to the wealth of studies examining these mechanisms in other oncology
populations (Antoni et al., 2006; McGregor and Antoni, 2009). While health behavior
changes such as diet, exercise, or smoking likely account for some of the observed effects of
psychosocial factors on HCT outcome and survival, there is evidence in other populations of
more direct stress-induced brain-immune physiological effects on outcomes (Costanzo et al.,
2011; Lutgendorf and Sood, 2011).
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The most recent comprehensive review of the effect of emotions on HCT mortality (Hoodin
et al., 2006) uncovered 19 published reports. Out of the 15 studies investigating negative
emotion and survival, 5 studies found no statistical relationship, whereas 7 studies reported
that patients with more depressive symptomatology had shorter survival. Five studies
examined the role of positive emotions in HCT survival and showed that pre-transplant
optimism, hopefulness, social support, and “fighting spirit” were positive prognostic factors
for longer survival.

There have been limited published studies examining the association between psychosocial
factors and mortality since Hoodin’s 2006 review. However, a recent report by Pereira et al
suggests that spiritual absence, or the degree to which patients lack religious or spiritual
personal resources to cope with medical stressors, as measured by the Millon Behavioral
Medicine Diagnostic, is associated with poorer survival following HCT (Pereira et al.,
2010).

Only a handful of studies have examined the relationship between psychological profiles
and complicating clinical events that precede HCT mortality. Higher anxiety among
allogeneic transplant recipients was significantly associated with the development of acute
GVHD (Gregurek et al., 1996). Similarly, in a previously mentioned study (Pereira et al.,
2010), infection, sepsis, and GVHD were identified as significant events contributing to
increased 1-year mortality among those HCT patients with greater spiritual absence.
Another study demonstrated that a high-risk psychological profile (as defined by the ‘FIT
assessment”) conferred greater risk of recurrent disease or progressive major organ
dysfunction (Sullivan et al., 1999), the extreme consequence of physiological stressors
inducing a systemic inflammatory response syndrome (SIRS) (Rangel-Frausto et al., 1995)
and amplifying the inflammatory cytokine cascade. Most recently, investigators
demonstrated that higher levels of pre-transplant anxiety and depression were associated
with slower white blood cell recovery among myeloablative transplant recipients (McGregor
etal., 2012). The PNI/PNE implications of these events will be discussed in greater depth in
the following sections.

While promising, the results from studies investigating psychosocial factors on HCT
outcomes should be interpreted with caution due to lack of methodological consistency.
Some studies incorporate both prospective and retrospective data, non-psychometrically
validated inventories based on non-standardized psychiatric interview, retrospective chart
review, and small sample sizes. The timing of psychological assessment is also important in
determining well-being, as there is generally a decline in quality of life in the immediate
post-transplant period with a gradual improvement over time (Norkin et al., 2012). A
retrospective study of almost 3000 patients demonstrated the lowest quality of life while
subjects are inpatients, with a return to pre-transplant quality of life status by about one year
post-transplant (Grulke et al., 2012). A careful longitudinal study with multiple
psychological assessment times may be useful for better understanding psychosocial effects
on outcome. Furthermore, the assessment of psychological functioning before, during, and
after transplant varies in terms of modality, instruments, timing, and examiner (e.g. student,
nurse, social worker, psychologist, or physician). Efforts should be made to include reliable,
validated, and commonly employed psychometric assessment tools at standard waypoints in
the transplant process. Researchers conducting interviews should have standardized training
with assessments done prospectively whenever possible.

4. Proposed Physiological Factors

It is unknown which relevant biobehavioral pathways (Figure 1) might apply to this
pathophysiologically-distinct population; therefore, further study into the unique outcomes
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and mechanisms involved with HCT, and not simply extrapolating from other oncology
populations, is necessary. To understand the biobehavioral pathways and physiological
factors involved and design appropriate interventions for these patients, it is ultimately
important to determine what drives psychosocial stress effects on tumor and treatment
subtype biology so we may best know when and how to intervene. We will discuss these
pathways from a brain-immune system-outcomes approach, starting with more centrally
derived mediators before moving to more peripherally-derived ones, concluding with
discussion of immune reconstitution and infectious susceptibility. We will consider these
physiological factors as they relate to mediating clinical events as well as commonly
assessed final clinical outcomes in HCT recipients including non-relapse mortality, disease
relapse or progression, progression-free survival, and overall survival (Figure 1).

4.1. Catecholamines

The central nervous system is linked to both the bone marrow and the thymus as well as to
secondary lymphoid organs; sympathetic nervous system innervation suggests one important
mechanism involved in biobehavioral effects in HCT recipients. For the majority of HCT
recipients, the bone marrow encompasses the tumor microenvironment. Stress increases
levels of catecholamines in tumor microenvironments of other cancers, including ovarian,
colon, and breast (Cole and Sood, 2012), subsequently affecting tumor biology and
pathogenesis by promoting tumor growth.

Catecholamines are present in substantially higher levels in the bone marrow
microenvironment than in the circulation (Maestroni et al., 2006). It is important to consider
that immune cell distribution in response to stress may vary by innate vs. adaptive immune
components. For example, repeated exposure to social stress in a murine model induced
differential redistribution of myelocytes and lymphocytes; increased myelopoiesis occurred
in the bone marrow with subsequent increased myelocytes in circulation and the spleen,
while conversely, B and T cells were decreased in the bone marrow, with a selective
increase in B cells in the spleen (Engler et al., 2004). More recently, an orthotopic mouse
model demonstrated progression of human pre-B cell acute lymphoblastic leukemia in
response to chronic stress via a beta-adrenergic signaling pathway (Lamkin et al., 2012).
The effects of chronic stress have been successfully blocked in mice with use of the
betaadrenergic receptor antagonist propranol (Lamkin et al., 2012; Lee et al., 2009). In the
absence of chronic psychosocial stress, increased adrenergic activity alone in the bone
marrow microenvironment enhanced mobilization of murine progenitor cells (Lucas et al.,
2012).

Future direction in human HCT research may examine whether elevated catecholamines
interfere with the engraftment process, maturation of the transplanted immune system, or
disease relapse, as they may have different effects over time. Due to the complexities of the
transplant process and the variable issues at different stages, evaluating these time points
separately may be integral to identifying PNI/PNE mediated effects. It is also important to
distinguish how the effect of adrenergic signaling on tumor growth and immune
reconstitution may be confounded by additional neuroendocrine stress hormones such as
glucocorticoids, given that cortisol and catecholamines may act in a synergistic manner to
facilitate growth in other cancer types (Antoni et al., 2006).

4.2. Glucocorticoids

The relationship between stress, glucocorticoids, and HCT outcomes is not well understood,
as there is evidence for effects leading to both better and poorer outcomes. Glucocorticoids
have obvious beneficial effects for HCT recipients; high doses are a mainstay of
immunosuppressive therapy following HCT (Sionov et al., 2008), treatment of GVHD (Hovi
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et al., 2004), and treatment of leukemias involving the lymphoid lineage (acute
lymphoblastic leukemia but not acute myeloid leukemia). In mouse models, glucocorticoids
are necessary for proliferation of erythroid progenitor cells under stressful conditions (Bauer
et al., 1999), suggesting a possible salubrious role for glucocorticoids in the early stages of
immune reconstitution following HCT.

Despite the evidence that glucocorticoid therapy may have a positive influence in the HCT
setting, there is also evidence to the contrary. First, high dose steroids that many allogeneic
recipients need render them susceptible to immune dysfunction and opportunistic infections.
Further, glucocorticoids may have differential effects on tumor cells depending on the dose,
as they have been proven to suppress tumor growth at higher levels while stimulating
growth at lower levels (Kawamura et al., 1998). This could have specific relevance for
disease relapse in autologous transplant recipients for whom exogenous high dose
glucocorticoids are not routinely administered, yet the recipients are still vulnerable to the
effects of stress-induced elevations in endogenous glucocorticoids likely inherent with this
rigorous procedure. It is not known at what critical level endogenous and exogenous
glucocorticoids become helpful vs. harmful. Finally, evidence from solid tumor research
suggests that dysregulation of the HPA axis response is associated with poorer outcomes,
earlier mortality, and suppressed immunity (Lutgendorf and Sood, 2011). Given the above
conflicting findings between tumor type and glucocorticoid use, more research is needed to
elucidate the specific effects of glucocorticoids in HCT recipients. In so doing, the early
(immune reconstitution) vs. late (disease relapse) phases of the transplant process should be
considered as separate clinical entities when examining the effects of glucocorticoids.

4.3. Inflammation

Inflammation may be a key component in the biobehavioral mechanisms involved in this
population. Cytokines have been implicated in multiple adverse transplant-related
complications. An imbalance in cytokines favoring the pro-inflammatory state may be
related to severe GVHD (Hill et al., 1997), with serum levels of tumor necrosis factor-a
(TNF-a) and soluble IL2 receptor useful markers for early detection of acute GVHD and
evaluating treatment response (Holler et al., 1990; Liem et al., 1998; Lunn et al., 2005).
Typically, acute GVHD is characterized by a three-step process involving interaction
between the innate and adaptive immune systems: 1) tissue damage secondary to
preconditioning treatment (radiation/chemotherapy), 2) donor T-cell activation and
expansion, and 3) cellular and inflammatory factors including pro-inflammatory cytokines,
specific anti-host cytotoxic T-lymphocytes, NK cells, and nitric oxide (Ferrara and Reddy,
2006).

Elevated pre-allogeneic transplant TNF-a levels are associated with the development of
veno-occlusive disease (VOD) (Gugliotta et al., 1994), another serious complication of
HCT. High levels of TNF-a and interleukin (IL)-6 are associated with graft rejection and
failure as well (Nagler et al., 1995). C-reactive protein (CRP) has also been shown to be an
early predictor of severe post-transplant complications and death (Artz et al., 2008), and
may be another pro-inflammatory marker worthy of investigation.

The release of systemic inflammatory cytokines corresponds not only to severe morbidity
and mortality in HCT patients, but also to symptom burden including fatigue, pain, and
disturbed sleep (Wang et al., 2008). Proinflammatory cytokines such as IL-1, IL-6, and
TNF-a are known to induce this “sickness” behavior (Dantzer et al., 2008) and likely
contribute to the poorer quality of life reported by HCT survivors as compared to healthy
controls (Andrykowski et al., 2005).
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Inflammation may be a result of adverse psychological and physical states, including stress,
depression, obesity, and atherosclerosis (Elenkov et al., 2005). Evidence that depressive
disorders or symptoms may lead to inflammation (Capuron and Miller, 2011) suggests that
the pro-inflammatory pathway is a biologically plausible mechanism whereby negative
psychosocial states may adversely influence HCT outcome. As previously mentioned, the
study by Sullivan et al (1999) provides clinical evidence for a model of psychological
distress triggering cytokine-mediated processes. These processes may potentiate the
systemic inflammatory response syndrome (SIRS) and ultimately lead to death from
multisystem organ failure in HCT patients. The neuroendocrine relationship between
depression/anxiety and inflammation is more complex, however, as the reverse is also true
with inflammatory cytokines triggering psychological stress (Miller et al., 2008). It is in this
context whereby inflammation may be a candidate biobehavioral pathway linking
psychosocial factors with HCT outcomes.

Methodologically sound studies of these intermediary events are needed to elucidate the
mechanisms involved in the relationship between psychosocial factors and clinical outcomes
as there have not, however, been clinical studies investigating cytokines and inflammation
as a potential mechanism or causal link. As inflammation plays a key role in varying
transplant stages from early processes such as physiologic response to preconditioning
regimens and engraftment, to often later complications such as infection and disease relapse,
it’s appropriate to examine PNI/PNE effects at all HCT time points. Careful attention to
methodology is necessary given the variability and vast array of inflammation-associated
experiences or manipulations associated with the HCT recipients process, including, but not
limited to, psychosocial status, demographic factors, health behaviors, chemotherapy,
radiation, reason for and type of transplant, remission or relapse status, medical
comorbidities, presence of GVHD, exposure to exogenous steroids, and infection. Large
sample sizes may be utilized to either select or control for this wide array of inflammatory
confounders.

4.4. Angiogenesis

Vascular endothelial growth factor (VEGF) is a well-studied angiogenic molecule that plays
a role in tumor neovascularization and proliferation (Ferrara, 1996). Like glucocorticoids,
VEGF may have differential effects in the HCT process dependent upon which outcome and
point in time is considered. In solid tumors, VEGF is traditionally thought to play a negative
role in outcomes, contributing to tumor invasion, growth, and metastasis, with chronic stress
increasing angiogenesis and VEGF expression (Thaker et al., 2006). In terms of hematologic
malignancies, this can also be true in that VEGF plays a role in the pathogenesis of acute
myeloid leukemia (Abou-Shamaa and Mahmoud, 2008) and mediates increased
angiogenesis induced by chronic lymphocytic leukemia B-cells (Maffei et al., 2010). This
negative effect of VEGF may play a more significant role in the later stages of the transplant
process when disease relapse or secondary malignancy is of greater concern. On the other
hand, VEGF is a major regulator of endothelial and hematopoietic stem cell development
(Ciau-Uitz et al., 2010), and therefore, like glucocorticoids, may have salubrious effects
during early stages of immune reconstitution.

Though there are no studies directly evaluating the effects of psychosocial factors on VEGF
in HCT recipients, chronic behavioral stress in mice results in markedly increased
vascularization and VEGF expression in ovarian tumor cells (Thaker et al., 2006). In clinical
models, lower VEGF levels are associated with higher levels of social well being in
presurgical ovarian cancer patients (Lutgendorf et al., 2002). These effects appears to be
mediated by the beta-adrenergic signaling pathway (Yang et al., 2006).
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A few studies have evaluated VEGF in the HCT setting. Salivary VEGF concentrations
were not different in HCT recipients as compared to controls at 100 days post-transplant, a
meaningful clinical assessment point, nor were they influenced by the stage of chronic
GVHD (Souza et al., 2004). Serum VEGF levels did not vary significantly over the first 6
months following autologous transplantation for multiple myeloma, although bone marrow
microvascular density decreased significantly (Sucak et al., 2011); neither were significantly
associated with overall survival or progression free survival. In one study, however, serum
VEGF levels were significantly higher in allogeneic HCT recipients with GVHD (Lunn et
al., 2005).

IL-6 and IL-8 are other proangiogenic molecules modulated by behavioral factors and the
stress response pathway (Costanzo et al., 2011). Greater levels of 1L-6 in the tumor
microenvironment are correlated with increased social isolation among ovarian cancer
patients (Costanzo et al., 2005). Among HCT recipients, increased IL-6 is associated with
increased symptom burden in the first 30 days following allogeneic transplantation (Wang et
al., 2008). Further, these various tumor microenvironment pathways likely work
synergistically, as norepinephrine is known to upregulate VEGF and cytokines via the—
adrenergic receptor pathway (Costanzo et al., 2011). Future work in understanding these
pathways needs to take the synergistic activity of these angiogenic molecules and the
catecholamines into account.

4.5. Cellular Immune Function and Infectious Susceptibility

Immune reconstitution is a critical goal of successful HCT, and specific immune cell
populations engraft at variable rates. Clinically, the absolute neutrophil count (ANC) and
platelet levels are initially most closely monitored, as they are the most sensitive indicators
of susceptibility to infection and bleeding immediately post-transplant. Neutrophil recovery
above neutropenic levels (defined as neutrophil count <500/mm3), when the patient is most
susceptible to bacterial infections, and platelet recovery above which transfusion is
indicated, typically occur an average of two weeks post-transplant (Hogge et al., 2000),
though this varies depending on stem cell source and dose, age, and transplant type. Natural
killer (NK) cells and dendritic subsets typically recover to normal levels within 1-2 months
(Rajasekar et al., 2009). While innate immunity recovers within several weeks, B cell and
CD8* T cell numbers take several months to normalize, with CD4* T cells taking years to
recover, or, in the presence of chronic GVHD, perhaps never recover. While common for at
least the first year post-HCT, a low or inverted CD4*/CD8* ratio renders patients
susceptible to infection post-transplant (Steingrimsdottir et al., 2000), with a normal CD4"*/
CD8" ratio of 2:1 associated with better survival among HCT recipients 30 days post-
transplant (Klyuchnikov et al., 2010). There is a paucity of published data regarding
psychosocial factors and immune reconstitution in HCT recipients, although one previously
mentioned study demonstrated that higher levels of pre-transplant anxiety and depression
were associated with slower white blood cell recovery (McGregor et al., 2012).

The robustness of cell-mediated immune recovery has significant clinical ramifications in
terms of prevention of disease recurrence. Donor NK cells can induce a graft-
versusleukemia effect, with a series of studies demonstrating rapid NK cell recovery
predicting less relapse and better survival (Nakamura et al., 2008; Savani et al., 2006;
Savani et al., 2007). Further, day 30 NK cell counts were positively associated with rapid
molecular remission in patients with myeloid malignancies. Conversely, decreased numbers
of NK cells at day 28 post-transplant were associated with secondary graft rejection
(Rajasekar et al., 2009) and relapse in allogeneic transplant recipients (Klyuchnikov et al.,
2010). In sum, NK cells are important for transplant success and their administration has
proven to be a beneficial adaptive immunotherapy (Passweg et al., 2004), preventing relapse
in some HCT recipients (Miller et al., 1994).
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Biobehavioral associations with infection-regulating immune processes, including NK and T
cell activity, have been described in other cancer populations (Andersen et al., 1998;
Sephton et al., 2009). Breast cancer patients reporting more stress and depressive symptoms
have suppressed cell-mediated immunity, including impaired NK cell activity and decreased
T cell responses to mitogens (Andersen et al., 1998; Sephton et al., 2009). Opportunistic
infections are a major concern and source of morbidity during the transplant process, arising
due to the disease itself, previous chemotherapies, preparative regimen, mucosal barrier
breakdown, GVHD, and other immunosuppressive therapy. The early recovery period (first
6 weeks post-transplant) is marked by severe neutropenia and mucosal damage, rendering
HCT recipients most at risk of infection with skin and gastrointestinal organisms during this
time. Patients are extremely susceptible to local or disseminated bacterial fungal, and viral
(reactivation or novel pathogens) infections. Nosocomial pathogens, including drug-resistant
organisms, are of special consideration during this time period. From 2—-3 months post-
transplant, cellular and humoral immunodeficiency remains a significant clinical
consideration. Finally, during the late recovery period, the patient remains at continued risk
of recurrent encapsulated bacterial infection, viral reactivation, and fungal pneumonia.

Viruses — latent and novel — pose significant risk following HCT. Since biobehavioral
responses affect neuroendocrine function and contribute to viral activity and regulation of
the immune response (Antoni et al., 2006), the biological repercussions of psychosocial
processes are likely of particular relevance to the HCT population. Stress hormones
influence the activity of various human tumor viruses (Zur Hausen, 1991), modulate
herpesvirus latency (Glaser et al., 1985), increase risk of illness from common respiratory
viruses (Cohen et al., 1993), and cause symptomatic HSV recurrence (Chida and Mao,
2009), all significant risks for HCT recipients. Cytomegalovirus (CMV)-associated disease
(a type of herpesvirus) is a major cause of morbidity and mortality following HCT (Boeckh
et al., 2003). PNE/PNI effects of these psychosocial stressors are compounded by the
already medication-induced immunosuppressed state of these individuals.

Immune recovery and infectious profiles vary depending on type of transplant. Autologous
HCT recipients have a more rapid rate of immune recovery and thus fewer opportunistic
infections than allogeneic recipients. Allogeneic recipients with less well-matched donors or
GVHD also have an altered immunologic response and cell-mediated and humoral immune
deficits that make them persistently vulnerable to infection. It is important to incorporate
methodological considerations, such as type of transplant and GVHD, when evaluating
biobehavioral effects on immune reconstitution in HCT recipients.

5. Genomics

Genetic constitution may be investigated both structurally and functionally to understand
and identify genotypes at-risk for developing psychopathology and/or associated PNI/PNE
mediated outcomes during the transplant process. Structural genomics approaches offer the
opportunity for identification of polymorphisms that confer both physical and psychological
susceptibility; genetic polymorphisms in signaling molecules and their receptors adversely
impact stress adaptation responses in non-cancer populations and may have implications for
HCT recipients (Agrawal et al., 2012; Zhang et al., 2012).

Certain single gene polymorphisms (SNPs) are associated with symptom burden and quality
of life in other cancer populations (Rausch et al., 2010). There is one published study
assessing the relationship between genetic factors and psychological stress resilience in HCT
patients (Romanowicz et al., 2012); this study suggests that a polymorphism in brainderived
neurotrophic growth factor (BDNF) confers risk of depressive symptomatology associated
with HCT. A small sample size and p-values > .05 limit interpretation of these findings;

Psychoneuroendocrinology. Author manuscript; available in PMC 2014 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Knight et al.

Page 10

however, this research strategy bears promise and should continue to be refined. Given the
immunological and psychological vulnerability of HCT patients to any perturbation,
genomics could allow us to identify individuals at risk of developing adverse outcomes in
the context of coping with this stressful medical event. While the genomics analyses
discussed thus far focus on structural polymorphisms conferring risk of psychopathology,
the subsequent step in connecting structure with stress-mediated adverse medical outcomes
is less well understood. Functional genomics research may provide further guidance in
probing these questions.

In addition to assessing static properties of the genome, functional genomics research, with
its dynamic assessment of transcriptional activity, may lead to a more complete
understanding of PNE-mediated biobehavioral pathways. Altered genome wide expression
of transcription factors consistent with stress physiology is observed in both socially isolated
adults as well as adults reared in unfavorable socioeconomic conditions (Cole et al., 2007;
Miller et al., 2009). Less social support and lower socioeconomic status are associated with
development of psychopathology and poorer survival among HCT recipients (Baker et al.,
2009; Frick et al., 2005; Rini et al., 2011; Wells et al., 2009). The biobehavioral pathways
identified in these transcription factor studies involve altered glucocorticoid and
proinflammatory signaling as well as altered expression of processes regulating cell growth
and cell cycle inhibition, both with specific implications for HCT outcomes.

Genetic studies may aid in pre-transplant risk determination, identifying patients that might
benefit from early and consistent psychosocial intervention. One benefit of genomics
analysis in HCT recipients, especially those of a structural nature, is that genetic
composition is less likely than other peripheral biomarkers to be altered by medical
perturbations of the transplant process.

6. Possible Immunomodulating Interventions

Given that stress is a potent immunomodulator via multiple neuroendocrine pathways
(Xiang et al., 2012), one effective means of altering physiology may be to use interventions
to reduce the impact of psychosocial stressors. Very few studies have examined
interventions in HCT recipients, and none have investigated possible immunological benefit.
Music therapy was effective in decreasing pain and nausea in HCT patients (Sahler et al.,
2003) and mindfulness-based interventions are effective in addressing psychological and
emotional problems (Horton-Deutsch et al., 2007). It is as yet inconclusive as to what degree
of psychological change is needed to translate into biological change, or to what degree
differing interventions are efficacious.

A recent review emphasized the importance of cognitive, behavioral, and social factors as
intervention tools to facilitate adaptation to cancer during all stages of survivorship (Antoni,
2012). This review outlined the data suggesting beneficial effects of such interventions on
neuroendocrine and immune function as well as psychological systems, yet qualified such
potential benefit with our as yet limited knowledge about the effects of intervention on
tumor activity and growth-promoting processes. An exhaustive review of
immunomodulating interventions is beyond the scope of this article, however, there are
several worth mentioning due to their possible relevance to HCT patients.

Most recently, a randomized controlled trial of patients with any type of cancer
demonstrated that a combined stress management and exercise intervention yielded
significant improvements in anxiety and depression (Jacobsen et al., 2012). Exercise by
itself is one of the only interventions known to improve cancer-related fatigue, which also
occurs post-transplant. It has advantageous effects for both physical and mental health,
decreasing psychological stress as well as improving the inflammatory and cytokine-
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associated milieu (Starkweather, 2007), of significant importance in the transplant process.
Of particular relevance to HCT patients, exercise has been shown to augment the immune
system with respect to infection resistance and cancer cell growth (Silveira et al., 2007). One
benefit of exercise may be its applicability in the immediate post-transplant hospitalization
period, for example, on a stationary bike. Without appropriate equipment this may be
difficult to accomplish in the post-transplant period following discharge due to necessary
isolation precautions. However, after day 100 following transplant, HCT recipients should
not have additional restrictions compared to other cancer populations.

Mind-body interventions, defined as any treatment that addresses the interaction between the
mind (thoughts, feelings) and body (physical processes), are increasingly used among cancer
patients and survivors and often combine stress-reducing activities with physical activity.
Evidence is mounting that these interventions effectively alleviate both psychological and
physical suffering. There is some indication from cancer populations that yoga provides
immunological benefit in addition to psychological improvement (Nunes et al., 2007). A
more specific form of stress management and mind-body technique incorporating yoga,
mindfulness based stress reduction (MBSR), improves quality of life as well as immune
function, including decreased TNF-a as well as increased NK cell activity, in a variety of
cancer patients (Carlson et al., 2007; Witek-Janusek et al., 2008). Elements of MBSR, such
as yoga, could be a lost-cost, feasible, and eventually self-guided intervention for HCT
recipients at multiple points in their transplant process, ranging from the preconditioning to
late survivorship phases, pending any physical limitations. MBSR is a more intensive,
structured intervention that might be most applicable to transplant recipients in their later
stages of recovery. As a result, varying interventions may have differential impact on
immune recovery and other pertinent biobehavioral processes, pending the time point of
their administration.

Another promising intervention for HCT recipients might be cognitive behavioral stress
management (CBSM), which resulted in a decrease in stress and neoplastic growth in HIV
patients (Antoni et al., 2008). These findings suggest its usefulness as a cancer prevention or
recurrence strategy among those who are immunocompromised, such as HCT recipients
(Antoni et al., 2008). Due to the time intensive nature of this program, like MBSR, it may be
better suited for patients following the acute recovery period.

Finally, utilization of psychopharmacologic agents not only in the treatment of active mental
health issues, but perhaps as a prophylactic consideration in the HCT process, may be
warranted. This could involve any of the psychotropic medications used to mitigate the
neuroendocrine effects associated with stress, depression, and anxiety including, most
commonly, selective serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine
reuptake inhibitors (SNRIs), benzodiazepines, and beta-adrenergic receptor antagonists
(beta-blockers). Anti-psychotics or mood stabilizing medications may also be considered in
a judicious manner. Beta-adrenergic signaling impacts most, if not all, of the previously
discussed biobehavioral pathways (Cole and Sood, 2012); therefore, given their low cost and
relatively benign side effect profile, beta-blockers may have particular relevance for
administration in the HCT process. Studies have linked use of beta-blockers with decreased
progression of multiple tumor types (Lamkin et al., 2012;Masur et al., 2001;Melamed et al.,
2005;Palm et al., 2006;Powe et al., 2010). These effects have not yet been examined in HCT
recipients.

7. Conclusions

Increased inflammation, toxic conditioning regimens, re-developing immune systems, and
severe psychosocial stressors make the HCT population especially susceptible to adverse
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outcomes. It remains to be investigated whether and how modulation by individual
psychological factors affects these interrelationships. With their integrated brain/body
approaches, PNE and PNI offer invaluable tools to explore the above physiological markers
in the HCT population. Numerous biobehavioral pathways whereby psychosocial states may
affect HCT outcome have been proposed. The biobehavioral pathways that might mediate
this relationship need to be evaluated with the same scientific rigor other cancer subtypes
have received. These include, but are not limited to, the roles of catecholamines,
glucocorticoids, inflammation, VEGF, and immune reconstitution and infection
susceptibility as well as the new opportunities available in genomics research. Future
research is needed to focus on systematically evaluating the validity and reproducibility of
both positive and negative psychological prognosticators of hematopoietic stem cell
transplant outcomes. This research agenda is important not only in designing interventions
to aid this psychologically and immunologically vulnerable population, but for contributing
to the advancement of knowledge within psychooncology.
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Final Clinical HCT Outcomes

o Non-relapse mortality

e Disease relapse or
progression

o Progression-free survival

e Overall survival

This biobehavioral model highlights physiological factors linking psychosocial factors and
mediating clinical events with adverse outcomes in hematopoietic stem cell transplant
patients. Psychosocial factors, both positive and negative, impact hormonal and messenger
systems as well as immune function; this directly affects intermediary clinical events
relevant to the overall success of HCT. Mortality, relapse or progression, and survival are
commonly assessed final endpoints among the HCT population and may be influenced by
these biobehavioral pathways. GVHD, graft-versus-host-disease; VOD, veno-occlusive
disease; SIRS, systemic inflammatory response syndrome; VEGF, vascular endothelial

growth factor
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