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Abstract
Research on comorbidity across cancer symptoms, including pain, fatigue, and depression, could
suggest if crossover effects from symptom-specific interventions are plausible. Secondary analyses
were conducted on a survey of 268 cancer patients with recurrent disease from a northeastern U.S.
city who were initiating palliative radiation for bone pain. Moderator regression analyses predicted
variation in depressive affect that could be attributed to symptom clusters. Patients self-reported
difficulty controlling each physical symptom over the past month on a Likert scale and depressive
symptoms on a validated depression measure (Center for Epidemiologic Studies-Depression [CES-
D]) over the past week on a four-category scale. An index of depressive affect was based on items
of negative and positive affect from the CES-D. In predicting depressive affect, synergistic
interactions of pain with fever, fatigue, and weight loss suggest separate pathways involving pain.
A similar interaction with fever occurs when nausea was tested in place of pain. Further, the
interaction between pain and fatigue is similar in form to the interaction between difficulty breathing
and fatigue (when sleep is not a problem). Follow-up to the latter interaction reveals: 1) additional
moderation by hypertension and palliative radiation to the hip/pelvis; and 2) a similar cluster not
involving hypertension when appetite problems and weight loss were tested in place of fatigue. The
significance and form of these interactions are remarkably consistent. Similar sickness mechanisms
could be generating: 1) pain and nausea during fever; 2) pain and fatigue during weight loss; and 3)
pain and breathing difficulty when fatigue is pronounced. Crossover effects from symptom-specific
interventions appear promising.
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Introduction
A recent call for research on symptom comorbidity emphasizes the potential for insights into
the trajectory of the dying process and into effective models for palliative and end-of-life care.
1 Similarly, two recent conferences by the National Institutes of Health on symptom
management in cancer and in terminal illness underscore the absence of research on the
comorbid presentation of symptoms such as pain, depression, fatigue, and dyspnea (difficulty
breathing), despite separate bodies of empirical findings for each of these symptoms.2,3 The
need for research is suggested not only by the fact that pain, depression, and fatigue are each
highly prevalent but by clinical interest that interventions for one of these symptoms (e.g., pain)
could display crossover effects that involve either or both of the other symptoms (i.e., fatigue,
depression) or related symptoms (e.g., dyspnea).
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For instance, although multiple mechanisms for fatigue are known to exist, they are not well
understood, and evidence-based pharmacologic interventions are quite limited (exception:
erythropoietin in anemia4). Crossover effects from treatment of pain or depression would
suggest shared pathways across these symptoms. Crossover effects could involve any of the
multiple mechanisms that are associated with fatigue: chemotherapy-induced anemia with co-
occurring dyspnea, muscle mass loss, nutritional deficits, hormone shifts, accumulation of
products of cell death, release of specific cytokines during the immune response, dehydration,
sleep disruption, and neurotransmitter changes.

Cross-sectional surveys of patient physical symptoms could provide preliminary
epidemiological support for the plausibility of crossover effects by establishing whether a
symptom (e.g., depression) can be predicted by the synchronistic interaction of two co-
occurring symptoms (e.g., pain-fatigue) beyond their separate, individual effects. The cross-
sectional sample in the current study affords an ideal opportunity because these patients were
just initiating palliative radiation to relieve bone pain. Metastatic bone pain is the most common
cancer pain syndrome,5 has a relatively long clinical course, and is not adequately treated by
many physicians despite the fact that palliative radiation is widely available as the gold standard
for treatment and for the prevention of breakthrough pain.6

The Relationship of Depression to Pain and Other Symptoms
The literature commonly assumes a bidirectional causal relationship between pain and
depression. The onset of pain may lead to the development of depression, which in turn may
increase sensitivity to pain. These alternate pathways may mean that correlations between these
two variables reflect only a partial or attenuated portion of the full relationship, especially since
the pain–depression relationship may be moderated by other variables, such as fatigue or weight
loss.

Evidence from retrospective and longitudinal studies with cancer patients suggests that pain,
other symptoms, metastasis, and radiation treatment are causes of depression. When cancer
patients with low versus high pain symptoms were compared, lifetime depression was higher
in the group with low pain, whereas diagnosis of current major depression was higher in the
group with high pain. These findings support pain as a cause of depression.7 Similarly,
metastasis and pain, but not lifetime depression, were found to be greater among currently
depressed patients compared to non-depressed patients, suggesting metastasis and pain as
causes of depression.8 A longitudinal study found that social functioning, symptom severity,
and radiation treatment significantly predicted depressive symptomatology.9

Depression may also cause increased sensitivity to cancer pain. Reduced levels of serotonin,
whichresultin feelings of depressionin humans, have also been found to increase pain
sensitivity and reduce pain tolerance in animals.10

Furthermore, competing explanations involving third variables, which suggest the presence of
symptom clusters, should be considered. Symptoms of fatigue, dyspnea, and nausea, which
may be aggravated through the use of opioids or during the anorexia-cachexia syndrome, may
shift the threshold or perceived severity of pain.11,12

The symptom cluster of pain and fatigue was found to be associated with 1) depression and
insomnia,13,14 2) a greater number of concurrent symptoms than when pain or fatigue was
present alone,15 and 3) bone metastasis and palliative care.16 The level of fatigue itself may
be influenced not only by pain, but by fever, dyspnea, trouble sleeping, nausea, appetite loss,
weight loss, and functional impairment.17 For instance, as an indication of the sickness
response, as well as a symptom of immunosuppression and infection, fever can lead to fatigue.
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18,19 Therefore, part of the malaise associated with the pain-fatigue symptom cluster may be
due to the contribution of fever to fatigue.

Similarly, other symptoms that influence fatigue may explain additional malaise attributed to
the pain-fatigue cluster. The potential for crossover effects on the depression-pain relationship
by highly prevalent moderator variables, such as fatigue and its components, is beginning to
stimulate research on antidepressants that reduce fatigue, contributing symptoms, and pain in
patients with depression.11 In addition, because fatigue itself is a component of depression,
the search for antidepressants that relieve fatigue in the absence of depression could also be
beneficial.20

Sickness Behavior and Cytokine Pathways in Cancer
The holistic paradigm of “sickness behavior” (SB) provides an explanatory mechanism.21–
27 Raised body temperature is the initial and most common symptom during immune activation
in mammals experiencing acute infection or inflammatory illness. Non-essential activities slow
or cease (like digestion) and the reclaimed energy is diverted into optimal immune activation.
The build-up of proinflammatory cytokines induces fatigue, nausea, anhedonia, appetite loss
and anorexia, somnolence, aches, and increased pain sensitivity.

SB is characterized by feelings of malaise that help conserve energy by reducing motivation
for activity and mobility. Malaise can progress from depressive affect (negative affect and/or
low positive affect) into a syndrome that strongly overlaps major depressive disorder (MDD).
This progression may involve multiple pathways involving cytokines (direct28 and
indirect29–33 activation of the hypothalamic-pituitary-adrenal (HPA) axis, alteration of mono-
amine neurotransmitters in multiple brain regions,34 and cytokines serving as
neurotransmitters in the central nervous system35,36). The potency of pathways involving
cytokines is suggested by the rapid and undesirable side effect of MDD from the therapeutic
use of cytokines, such as interferon and interleukins, in cancer treatment.37,38

The most common symptoms in cancer patients, fatigue and weakness, manifest as part of a
process of bodily energy imbalance that parallels disturbances in the delicate balance of
counteracting cytokines.19,39 Simultaneous sources of inflammation result from tumor cell
growth, emissions, and toxicity; bone breakdown into the bloodstream; immune system
reactivity; cancer treatment toxicity; and metastasis and disease progression. As a result, the
natural balance is disrupted between proinflammatory cytokines and their cytokine antagonists
that reduce inflammation. Thus, imbalance in chronic inflammatory processes is associated
with the buildup of proinflammatory cytokines, which can operate widely and simultaneously
through “peripheral” and “central” nervous system effects.

For instance, neuropathic pain from tumor-related damage of peripheral nerves may be
exceedingly prolonged because immune cells that secrete proinflammatory cytokines continue
to be attracted to the site.40,41 This process also appears to activate proinflammatory cytokines
within the spinal cord42 and triggers heightened pain sensitivity across even distant body sites.
41

The stress signal from this imbalance in proinflammatory cytokines and inflammatory
processes stimulates the HPA axis to release cortisol, which can lead to depression,43 and
corticotrophin-releasing factor, which can lead to anorexia and increases in metabolism.44
Moreover, psychological symptoms (sadness, anhedonia, cognitive disturbance) and
neurovegetative symptoms of depression (loss of appetite, fatigue, altered sleep) are
precipitated by the use of cytokine therapies (interleukin-2 and interferon-α) to treat cancer.
45,46 Finally, cytokine imbalance in cancer patients may lead to sleep loss, which in turn
impairs immune function.47
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Proinflammatory cytokines can be classified according to their function in promoting
inflammation. Proinflammatory cytokines that serve as growth factors (erythropoietin,
different forms of interleukin, and tumor necrosis factor) also stimulate the immune system,
which leads to the production of other proinflammatory cytokines. Some of the same
proinflammatory cytokines that serve as growth factors can also be classified with others as
either cachetins or pyrogens. Cachetins (interleukin-1, interleukin-6, tumor necrosis factor,
interferon-γ, and leukemia inhibitory factor) induce weight loss by disrupting the homeostatic
loop of body weight control, and pyrogens (interleukin-1, tumor necrosis factor, interleukin-2,
interleukin-6, interleukin-12, interferon, and so forth) induce fever. Like cytokines that serve
as growth factors, cachetins and pyrogens induce fatigue and influence symptoms and
conditions that contribute to fatigue, including fever, anorexia, cachexia, pain, nausea, dyspnea,
anemia, sleep loss, and depression.19,48,49

The different physiological processes inherent across these three classifications of cytokines
imply that fatigue and weakness related to growth factors, weight loss, and fever should be
distinguished from other sources of fatigue/weakness whenever possible. For instance, it is
common for cancer patients to experience weakness from low-grade fever unrelated to
infection that is caused by cancer-related etiology.19 On the other hand, viral infections evoke
an interferon response that generates not only fever and weakness but malaise and flu-like
symptoms typical of sickness behavior. Moreover, cancer-related causes for low-grade fever
should not be assumed since the use of NSAIDs50 or the experience of chronic, low-grade
infections could also result in low-grade fever, as well as fatigue, weakness, and flu-related
symptoms.

Other symptoms (nausea, pain, dyspnea) that aggravate malaise are considered as additional
components within fever- and fatigue-based symptom clusters that may operate through
various pathways. Within co-occurring symptoms that appear to manifest simultaneously, one
symptom may aggravate the other, both symptoms may influence each other, or both symptoms
may appear to co-occur as a result of indirect processes that link them. For instance, pain and
pain interventions, such as the use of opioids, may appear to co-occur with fever and fatigue.
However, pain and pain interventions may influence fever and fatigue, be mutually influenced
by them, or be linked indirectly to them through pain-related stress responses.39,51 Nausea
may result in similar direct and indirect impacts with fever or fatigue, which may stem from
opioid use, constipation, and continuing chemotherapy. Finally, dyspnea in the context of
fatigue suggests the fatigue state of anemia, whereas physical distress from the symptom of
dyspnea alone may contribute separately beyond any impact from anemia.

Anemia should be distinguished from other cancer fatigue. Anemia can result from excessive
tumor demand for blood, due to a blunted endogenous erythropoietin response (renal
insufficiency) or from bone marrow infiltration by cancer. Both mechanisms impair
erythropoietin stimulation of bone cells to produce red blood cells. Bone marrow infiltration
by cancer can lead to bone deterioration, hypercalcemia, hypoxia, and high blood pressure. In
the current study of patients with bone metastases, anemia would be suggested by a symptom
cluster involving fatigue, dyspnea, and possibly trouble sleeping, and aggravated by high blood
pressure.

Hypotheses
There are several implications for the variables in the current study: 1) fever should be
distinguished from fatigue/weakness in tests of symptom comorbidity; 2) fatigue/weakness,
should be distinguished from closely related symptoms that may be causally linked (appetite
loss, weight loss, trouble sleeping, shortness of breath/breathing problems); 3) psychological
expression of malaise (depressive affect) should be viewed to constitute a common outcome
for testing whether symptom effects are magnified beyond their individual impact when they
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occur in clusters; and 4) interactions between localized symptoms (pain, nausea/vomiting, and
shortness of breath/breathing problems) and systemic symptoms (fever, fatigue/weakness,
appetite loss, weight loss, trouble sleeping) should be tested to assess whether stronger
relationships between depressive affect and localized symptoms occur in the context of specific
systemic symptoms.

Significant interactions would support the view that interventions for the major symptoms of
sickness behavior and cancer-specific complications may demonstrate crossover effects on
each other either as a result of their natural similarities or through their shared effects as
reflected by feelings of malaise (depressive affect). Several hypotheses are tested to explain
the prediction of depressive affect.

Synergistic interactions of pain with fever, fatigue/weakness, appetite loss, weight loss, and
trouble sleeping are hypothesized as separate pathways involving pain that predict depressive
affect. Similar interactions are hypothesized when two variables (nausea/vomiting; shortness
of breath/breathing problems) are each tested in place of pain.

An anemia-related hypothesis is based on synergistic interactions of fatigue/weakness with
dyspnea (i.e., shortness of breath/breathing problems) that predict depressive affect. We allow
for this interaction to be qualified further by other fatigue-related symptoms such as trouble
sleeping. Further, to test whether this anemia cluster occurs as part of the anorexia-cachexia
syndrome, similar interactions are hypothesized when two variables (appetite loss, weight loss)
are each tested in place of fatigue/weakness.

Finally, exploratory follow-up to all of these interactions predicting depressive affect will
determine whether symptom clusters remain significant, and may be qualified further, after
comorbid illness conditions, primary cancer site, or most recent site of palliative radiation are
taken into account.

Methods
Participants and Survey Design

Hospital staff from five area hospitals referred 575 eligible patients. Patients were eligible if
they were at least age 30, resided at home, were no longer receiving curative treatment, were
not terminally ill, and had recently initiated home-based palliative care and outpatient palliative
radiation to relieve painful bone metastases. A sample of 268 eligible participants agreed to be
interviewed at home by a trained interviewer on three occasions at three-month intervals. The
current study used symptom data from the first wave. Patients reported each physical symptom
during the interview. Health care team professionals and patient medical records provided
medical information, such as cancer site, type of curative treatment, comorbid medical
conditions, and anatomic site of the most recent palliative radiation.

The rationale for exclusion of patients considered terminally ill should be explained. Patients
with terminal illness contend with severe functional impairments, such as more progressed
stages of the anorexia-cachexia syndrome, that are likely to complicate side effects and limit
treatment adherence to a series of outpatient visits for palliative radiation. Pronounced
limitations in mobility and severe fatigue/weakness make it infeasible to travel for a series of
outpatient visits for palliative radiation. Terminal illness requires greater reliance on palliative
care that can be delivered exclusively in the home setting, including more extensive use of pain
medications.

The exclusion of patients with terminal illness results in a more targeted sample in which
participants are at similar phases of disease progression, characterized by a recent transition
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away from an aggressive curative phase of treatment to one that emphasizes palliative care for
managing cancer as a chronic condition in patients not considered to be dying. This means that
the sample of patients’ symptom experiences is not confounded by those of patients with
terminal illness, which may differ qualitatively and quantitatively. For instance, although the
sample revealed a range of symptom control for appetite problems and weight loss, it is unclear
when the syndrome of anorexia-cachexia is likely to manifest. Also, the qualitative dimensions
of this syndrome could differ in the early phase of palliative radiation compared to advanced
terminal illness.

Some of the non-participants reported one or more explanations for their refusal; poor health
(30.9%) and time limitations (28.7%) were cited most frequently. Sex differences did not
distinguish these two explanations. The prevalence of poor health as an explanation for non-
participation suggests that malaise could be more prevalent and more serious in the population
and that the consistency of the study findings may be conservative and consistent estimates of
these symptom interactions within the population. This is suggested further because several
indicators of physical health and the depression inventory reflect that more serious symptoms
at the first wave (P < 0.001) were incurred among the 107 patients lost to attrition during the
eight months between waves 1 and 3.52

Measurement
Independent Variables—The independent variables representing physical symptoms are
self-reported single items, measured on a Likert scale, on the degree of difficulty in controlling
each physical symptom over the past month. The specific physical symptoms were chosen
because they: 1) comprise several of the most important symptoms across cancer sites that
physicians and nurses rated should be highest priority for treatment;53 or 2) were strongly
implicated by the paradigm of sickness behavior in cancer (e.g., fever).54 Dummy variables
representing each comorbid physical condition were also specified as predictors. Later, in
follow-up runs to each regression, other dummy variables were used to test the exclusion of
each site of primary cancer or each site of palliative radiation that was last received.

Symptom Control—Different lines of evidence converge to suggest that single-item, five-
category measures for symptom control have adequate reliability and validity. In addition,
psychometric properties of the dimension of symptom control suggest that a single-item
symptom indicator would capture this dimension better than other symptom dimensions, such
as relief, severity, frequency, or distress.

Evidence on psychometric properties of symptom dimensions—A first line of
evidence results from comparisons across twenty clinical trials involving the opioid agonist–
antagonist dezocine against standard opioid analgesics and placebo. A five-category single-
item ordinal pain relief scale most consistently showed the highest sensitivity to change,
compared with a four-category single-item ordinal pain intensity scale and a pain intensity
visual analogue scale.55 The greater sensitivity of the five-category pain relief scale was
attributed to the more precise classifications that can be made at low levels of pain relief. The
five-category ordinal symptom items in the current study also appear to share this characteristic.

Note that sensitivity to change is a type of validity that can only result when a measure has
sufficient reliability; however, Max56 points out that the passage of time may interfere with
patient recall of the initial baseline level of pain, calling into question the validity of relief
scales on other grounds. Therefore, measures of pain and symptom control are preferable to
measures of pain and symptom relief because the reference point for control is not an earlier
baseline period (i.e., relief relative to a point in time) but an absolute standard (i.e., relief
compared to the absence of the symptom). This is important in the current study, in which
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patients typically receive repeated doses of analgesics, opioids, and palliative treatments over
a relatively long course, which may well impede the capacity to recall the initial baseline level
of each symptom.

Moreover, the extent of relief from a severe symptom does not necessarily mean a high degree
of control has been reached, only that the symptom now causes less distress. Thus, relief is
much more closely tied to the more subjective and highly individualized notion of distress than
to the more objective notion of control, which is more directly related to symptom frequency
and severity. Assessment of symptom clusters and comorbidity to predict depressive affect in
a clinical sample should be based on symptom control instead of the more subjective and
variable notions of distress and relief, which are likely to be confounded with the regression
outcome of depressive affect.

In a study of the symptom burden of hospitalized patients, measures of symptom control for
pain, dyspnea, anxiety, depression, and nausea were derived from separate, four-category
ordinal items for symptom frequency (“Not at all” to “All of the time”) and symptom severity
(“Not at all severe” to “Extremely severe”).57 Low symptom control was defined to occur
when a symptom was moderately severe during at least half the time, or when a symptom was
extremely severe at any frequency.

Evidence from patient–nurse paired comparisons—A second line of evidence derives
from paired comparisons between the separate responses of each patient and their nurse (n =
174) to two ordinal items regarding the patient’s control of pain and control of other symptoms.
Each item reflected moderate levels of agreement and correlation (54% agreement for pain,
kappa = 0.549; 46% agreement for other symptoms, kappa = 0.491).58 These findings were
obtained using a four-category ordinal scale for each item, and in light of the findings by Max,
56 there is reason to believe that a less crude, five-category ordinal scale would have been more
sensitive to change, potentially yielding higher levels of agreement and correlation.

Evidence on psychometric properties of single-item measures—A third line of
evidence suggests that even for symptoms considered to be multidimensional, such as fatigue,
single-item measures can perform surprisingly well compared to scales involving multiple
items.59,60

A five-category ordinal item for “distress from lack of energy” performed as well as the Brief
Fatigue Inventory (BFI) and the Functional Assessment of Cancer Therapy-Fatigue Subscale
(FACT-F) in predicting several quality-of-life constructs and clinical factors. Because all three
fatigue measures demonstrated concurrent validity with each other, and the BFI and FACT-F
showed high internal reliability (Cronbach alphas, 0.94–0.95), the single-item for “distress
from lack of energy” can also be deduced to have good internal reliability.59

In a second study that used the 47-item Functional Assessment of Cancer Therapy-Anemia
(FACT-An) as a gold-standard measure for fatigue, the four-category ordinal fatigue item (“I
get tired for no reason”) from the Zung Self-Rating Depression Scale was highly correlated
with the FACT-An, and when the cutoff point for fatigue was set at the third ordinal category,
sensitivity was 78.95% and specificity was 87.88%.60

Finally, in other research regarding appetite change, five-category scales are believed to yield
the most precise measures, although psychometric evidence for their accuracy and validity has
not yet been presented.61

Comorbid Conditions and Specific Sites of Primary Cancer and Palliative
Radiation—Dummy variables for five comorbid illness conditions were included in
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extensions to the regression models. These items represent all of the illness conditions reported
by at least eleven participants. In addition, only three illness clusters across these conditions
involved at least twelve participants, and these clusters were also specified (i.e., Arthritis ×
Diabetes, Arthritis × Hypertension, and Diabetes × Hypertension; see Table 1).

Prior research supports the restricted range in types of comorbid clusters in the current study.
In contrast to other chronic illnesses, the prevalence of comorbid conditions in cancer did not
differ when patients over age 70 were compared with younger patients, and was considerably
lower among the older group compared to other patients over 70 who did not have cancer.62

In separate runs, each of these eight illness conditions and illness clusters were tested as
moderators with each of the symptoms and symptom clusters.

The extended regression models in which illness conditions and illness clusters were found to
be significant moderators were used to conduct two sets of follow-up regressions.

These sets of follow-up regressions were run to assess whether the relationship of symptoms
to depressive affect is disproportionately influenced by specific sites of primary cancer or bone
metastasis subjected to palliative radiation. Deterioration in prediction by the symptom cluster
was assessed, in each run of the first set of follow-up regressions, when participants with the
same type of primary cancer were excluded, and in each run of the second series of follow-up
regressions, when participants reporting the same last site of palliative radiation were excluded.

Dependent Variable—The dependent variable is an index of depressive affect, comprising
eleven items from the Center for Epidemiologic Studies-Depression (CES-D) Scale measured
on a four-category ordinal scale that reflects frequency over the past week. Five self-report
items regarding the frequency of negative affect (i.e., sad, blue, crying, depressed, lonely),
three items of negative affect within interpersonal and situational contexts (i.e., bothered,
fearful, failure) and three reverse-coded items of positive affect (i.e., hopeful, happy, enjoyed
life) were selected from the CES-D depression inventory and summed to create the index of
depressive affect.

CES-D items excluded from the index of depressive affect are: 1) several somatic items that
would confound tests of physical symptom clusters; 2) two items that assess perceptions about
the interpersonal behavior of other people (and not one’s own affect); and 3) an item about
feeling worthless, which was endorsed by few respondents. The current study did not use the
entire CES-D as a measure of depressive symptoms to prevent confounding because the
somatic symptoms, such as low appetite, sleeping difficulties, and feeling tired, are also
physical symptoms of cancer. Furthermore, depressive affect would serve as a better
psychological indicator of the malaise in sickness behavior experienced by patients with few
somatic symptoms of depression (but with other somatic illness symptoms). As such,
depressive affect is a shared outcome of SB across patients and physical symptoms.

The validity of the resulting measure of depressive affect is supported by the use of items
reflecting positive and negative affect similar to those from two other validated depression
scales and by consistent psychometric properties for the first-order factors for positive and
negative affect within the CES-D.

First, like the current study, a similar strategy was adopted in which several items reflecting
negative and positive affect from the Profile of Mood States (POMS) were summed to reflect
“depressed mood” in related work involving the multiple sites in the Study to Understand
Prognoses and Preferences for Outcomes and Risks of Treatments (SUPPORT) and the
Hospitalized Elderly Longitudinal Project (HELP). Concurrent and predictive validity were
demonstrated with other symptoms and patient survival.57,63,64
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Second, the entire depression subscale of the Brief Symptom Inventory (BSI), a common
measure in cancer research,65 is composed entirely of positive and negative affect items similar
to those from the CES-D. It has good psychometric properties with norm-based sub-scale scores
for the general population66 and in cancer patients.67 Recently, the depression subscale of the
BSI was shown to be sensitive to improvements in anemia-related fatigue among patients with
lung cancer.68

Finally, our focus on depressive affect is supported by findings, replicated across multiple
studies, that the four first-order factors from the CES-D (i.e., negative affect, positive affect,
interpersonal relations, somatic symptoms) remain fairly consistent across the adult age range.
69–72

In the current study, the internal consistency for the eleven items of depressive affect is very
good (alpha = 0.83) and quite close to the internal consistency based on the entire twenty-item
CES-D (alpha = 0.85). The highly similar levels of consistency in the current sample may stem
from the dominant presence of rapid physiological processes suggested by the highly prevalent,
comorbid physical symptoms that predict depressive affect. In other contexts, depressive affect
may be conditioned in less reliable ways by a greater preponderance of psychosocial factors,
demonstrating, as a result, significantly lower consistency compared to the entire CES-D.

The similar internal consistencies in the current study for depressive affect and the entire CES-
D also suggest that other psychometric properties may be similar. The entire CES-D revealed
similar consistency across psychometric properties in a study comparing 117 women with
breast cancer and 62 women with no history of cancer.73 In both groups, the entire CES-D
demonstrated good internal consistency and test-retest reliability, as well as construct validity
with the Profile of Mood State-Fatigue Scale (POMS-F) and the State-Trait Anxiety Inventory
(STAI-S).

Statistical Analysis
Statistical and analytical issues that complicate the interpretation of statistically significant
interactions pose a key disincentive for research on symptom clusters. Significant interactions
in multiple regressions that involve ordinal or continuous variables, such as the physical
symptoms in Table 2, are not directly interpretable (in contrast to dummy variables within
ANOVA). Rather, multiple follow-up re-estimates of the regression across multiple values of
the component variables that comprise the interaction are required in order to estimate a series
of simple slopes, which are ultimately plotted. Interpretations of the interaction are based on
this graph.

This more complex process involves potentially tedious programming to recast the regression
at different values of the variables that comprise the statistically significant interaction and to
generate a follow-up plot that reveals the form, or shape, of the interaction. The process is most
demanding when interactions are based on ordinal or continuous variables (in contrast to
dummy variables) or include more than two variables. In addition, curvilinear and moderator
regression analysis tends to be complicated by other potential problems compared to the more
traditional model of main-effects regression.74,75

As a result, hypotheses that can be cast as main-effects regressions without interactions appear
to be favored, resulting in a major disincentive to test model specifications involving symptom
clusters. The current study is novel in that it avoids this unfortunate trend in the over-application
of main-effects models by employing curvilinear and moderator regression analysis, as well
as follow-up simple slopes plots, to model cancer symptom clusters of individual symptom
items. Follow-up extensions to these regressions afford additional insights into these plots.
Additional predictors involve co-morbid illness conditions and illness clusters, as well as their
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interactions with symptoms and symptom clusters. In addition, each follow-up regression is
subsequently rerun, each time excluding participants with the same site of primary cancer or
palliative radiation last received, in order to determine if the original findings are strongly
influenced by any of these specific sites.

The curvilinear and moderated regression analyses in Tables 3 and 4 were conducted using
centered predictors to minimize potential problems due to multicolinearity. After specifying
each first-order symptom, and prior to their interaction(s), curvilinear terms were specified for
the components that comprise each interaction. This results in a more valid test of each
interaction by preventing confounding due to unspecified curvilinearity.76 In models created
specifically to test symptom clusters involving fever, curvilinear interactions involving a
quadratic component for fever (i.e. fever2) were included to target the more extreme categories,
given the skewed distribution for fever. Variance inflation factors were examined to assess
whether multicolinearity across predictors was problematic, and influential multivariate
outliers were screened using Cook’s D statistic.

The reported follow-up regression involving the dummy variable for hypertension (see 5, Table
4) did not violate the homogeneous error variance assumption for categorical moderators.77
This assumption was tested using a weighted least squares (WLS) regression that weighted
participants based on the presence or absence of hypertension, with weights derived from
ordinary least squares (OLS) regressions conducted separately on these two subgroups.

All statistical analyses were performed using SPSS for Windows version 11.5 (SPSS Inc.,
Chicago, IL).

Results
Sample Description

There was a virtually equal representation by sex. The sample was 90.7% white, 9.3% black,
and the mean age (± SD) was 62.7 ± 11.0 years. Table 1 summarizes age and medical
characteristics at baseline. In addition to primary treatment with surgery, curative radiation, or
both, one third of the sample (81 patients) were receiving chemotherapy at the start of palliative
radiation.

Responses for physical symptoms and depressive affect, shown in Table 2, were distributed
across the five scale categories. Unlike the other symptoms, the distribution for fever was
highly skewed, with only 10.5% of the sample (twenty-eight participants) reporting problems
controlling fever. Slightly more than half of the patients reporting shortness of breath/difficulty
breathing (41 out of 77) also reported trouble sleeping. Compared to patients with other primary
cancer diagnoses, those with lung cancer reported greater difficulty with shortness of breath/
difficulty breathing [χ2(df = 4) = 30.941, P < 0.001] but not fatigue/weakness or trouble
sleeping.

Explanatory Findings
Regression results are shown in Tables 3 and 4. The reader is cautioned that the specific form
of each interaction effect is not apparent from the sign of the regression parameter of the
interaction term but requires inspection of a follow-up simple slopes plot of the interaction at
different levels of its component terms.74,75 The reason is that the interaction effect is made
up of the highest-order interaction term and all derivative terms for lower-order interactions
and first-order predictors. The simple slopes plots in Figures 1–3 reveal remarkably consistent
relationships of fever and fatigue with pain and other symptoms.
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Symptom Clusters Involving Fever—The curvilinear interaction between pain and
fever2 (Table 3, regression 1) becomes highly significant (P < 0.01) only after controlling the
curvilinear interaction between sleep and fever2, which is also highly significant (P < 0.01).
This is a “suppressor effect.” The shared variation in both terms (r = 0.694) is “suppressed”
to provide estimates of unique effects that can be attributed to each term.78

This means that those with low control over fever and comorbid pain are also more likely to
have trouble sleeping when they report depressive affect. Limitations of the cross-sectional
analyses do not allow us to determine whether trouble sleeping is a consequence of low fever
control and pain, whether these symptoms are truly co-occurring, or both. Thus, this
overlapping variation is factored out or “suppressed.” The follow-up simple slopes plot (Figure
1) for this regression (1 in Table 3) results in the following interpretation: After accounting for
sleeping problems associated with fever, when fever control is low and pain increases,
depressive affect increases dramatically.

Extending this fever-based model with co-morbid pain to include a similar interaction with
nausea/vomiting results in statistical insignificance for both the pain- and nausea-based
interactions (Table 3, footnote f). Thus, the effects of pain and nausea/vomiting overlap.

This is supported further since replacing pain with nausea/vomiting results in a similar model
to the original pain model of regression 1, although without a suppressor effect requiring the
specification of the curvilinear interaction between sleep and fever2 (Table 4, regressions 1
and 2). The regression models for pain (1, Table 3) and nausea/vomiting (1 and 2, Table 4)
reveal similar parameters (in terms of magnitude and sign) for the respective interactions
involving fever2 with pain or nausea/vomiting, as well as for all of the lower-order derivative
terms of these interactions. It follows then that the simple slopes plot involving nausea/vomiting
(not shown) is also similar to the simple slopes plot of Figure 1 involving pain.

Thus, depressive affect is heightened when nausea/vomiting is accompanied by a high level
of fever.

Expansion of the model to include an interaction between nausea/vomiting and fatigue reveal
it to be statistically insignificant, although the interaction between nausea/vomiting and
fever2 remain significant (Table 4, regression 3).

Finally, when “changes in bowel habits” was tested in place of nausea/vomiting, the significant
interaction with fever2 (P < 0.05) deteriorates somewhat to become statistically insignificant
in regressions 1–3 (with P value ranging from 0.085 to 0.112. This consistent pattern suggests
that the lack of statistical significance may result not from randomness but because the scope
of the variable “changes in bowel habits” is too broad.

Symptom Clusters Involving Fatigue/Weakness—We now turn to significant
interactions involving fatigue/weakness. Initially, only the interaction between pain and
fatigue/weakness was specified, which is significant (Table 3, regression 2). Next, interactions
between pain and sleep and between pain and fever were added (Table 3, regression 3). In
regression 3, the interaction between pain and fatigue/weakness remains significant and
relatively unchanged even as the interaction between pain and fever becomes significant.

The follow-up simple slopes plots for these two regressions (2 and 3 in Table 3) are shown in
Figures 2a and 2b, which lead to the following interpretation: Depressive affect is heightened
when pain is accompanied by a high level of fatigue/weakness, although as pain continues to
increase, the rate of increase in depressive affect becomes less and less. Once a threshold of
high unrelieved pain is reached, depressive affect is actually heightened more when fatigue/
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weakness is low. Thus, beyond this threshold of high pain, high levels of fatigue/weakness are
actually associated with lower levels of depressive affect.

When pain is substituted with two symptoms (shortness of breath/difficulty breathing and
trouble sleeping), the estimated three-way interaction between fatigue/weakness, shortness of
breath/difficulty breathing, and trouble sleeping is highly significant (Table 4, regression 4).
It is probed using two follow-up simple slopes plots (Figures 3a and 3b). The first plot,
characterized by low trouble sleeping, is very similar to the plots involving pain (Figures 2a
and 2b).

Two symptoms that contribute to fatigue and weakness (appetite problems, weight loss) are
specified either to accompany or replace fatigue/weakness. The interaction between pain and
weight loss, initially significant (Table 3, regressions 4 and 5) becomes insignificant and
appears to be explained by the significant interaction between pain and fatigue/weakness (Table
3, regression 6). The interaction between pain and appetite problems remains insignificant
across these regressions. Appetite problems and weight loss replace fatigue/weakness within
the estimated three-way interaction involving shortness of breath/difficulty breathing, and
trouble sleeping (Table 4, regression 6); only the cluster involving appetite problems becomes
significant.

Follow-Up Findings
Breast (21.6%) and lung (20.2%) diagnoses comprise 41.8% of all primary cancers. Compared
to breast and lung cancer diagnoses, bone metastasis could be a stronger influence on patients’
experience of symptoms. Interms of previous site of palliative radiation, the breast (12.3%)
and lung (17.2%) comprise less than a third of all sites of palliative radiation, whereas sites of
the neck (8.6%), pelvis/hip (11.2%), prostate (4.5%), and spine/lumbar-low (4.1%) comprise
between a fourth and a third of all sites. The remaining 42.1% were among thirty-five other
sites across the body. These findings reveal evidence that more than two-thirds of the sites for
palliative radiation do not involve the breast or lung, suggesting the importance of metastasis
to other body areas.

Moreover, these findings do not address the importance of the primary illness diagnosis in
influencing symptom expression, regardless of areas of bone metastasis. Even in more
advanced stages of cancer, specific cancer treatments continue to be determined by the primary
site of cancer.

Therefore, a parallel series of follow-up regressions were run to test whether the primary site
of cancer or the previous site of palliative radiation provide the best explanation of the
relationship between depressive affect and each symptom cluster, which could interact with
any of the comorbid conditions. The symptom cluster involving fatigue/weakness, shortness
of breath/difficulty, and trouble sleeping was found to interact with the comorbid condition of
hypertension (Table 4, regression 5), whereas the symptom cluster involving pain and weight
loss did not interact with any comorbid condition.

In the first series of these follow-up regressions, participants with the same primary cancer site
were excluded in each run. In the symptom cluster involving pain and weight loss, results
deteriorated dramatically only when lung cancer was excluded, suggesting the importance of
lung cancer in this symptom cluster (see Table 3, footnote g).

In contrast, there was no evidence that the symptom cluster involving hypertension, fatigue/
weakness, shortness of breath/difficulty breathing, and trouble sleeping occurred
disproportionately in lung cancer, even when participants with comorbid lung conditions
(asthma, emphysema) were excluded, or in any other primary cancer site. Finally, hypertension
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no longer co-moderated this symptom cluster when fatigue/weakness was replaced by appetite
problems and weight loss (Table 4, regression 6).

A parallel series of follow-up regressions was also run, each time excluding participants
reporting the same previous site of palliative radiation. There is no evidence that the symptom
cluster involving pain and weight loss occurred disproportionately within any of the previous
sites of palliative radiation. In the symptom cluster involving hypertension, fatigue/weakness,
shortness of breath/difficulty breathing, and trouble sleeping, results deteriorated dramatically
when the hip/pelvis site was excluded (Table 4, footnote d), suggesting the importance of
treating bone metastases to the hip/pelvis in this symptom cluster.

Discussion
Sickness Behavior and Symptom Clusters

In the current sample of cancer patients initiating palliative radiation, the paradigm of sickness
behavior and the malaise theory of depression appear to explain the roles of fever and fatigue/
weakness in the exacerbation of malaise. The specification of multiple symptoms as first-order
terms followed by interaction terms permits the detection of synergistic influences from
symptom clusters. This is an important strength of the study, reducing the potential for
confounding when overlapping yet distinct symptoms, such as fever and fatigue/weakness, are
not modeled simultaneously. Moreover, in the prediction of depressive affect, the distinction
of overlapping interactions help us to appreciate that reported associations between individual
symptoms, such as between pain and nausea and between pain and dyspnea,3,63 may in part
be due to clustering by these symptoms with other common symptoms. Specifically,
overlapping interactions involving fever and pain were distinguished from those involving
fever and nausea/vomiting, and overlapping interactions involving fatigue/weakness and pain
were distinguished from those involving fatigue/weakness, dyspnea, and trouble sleeping.

The separate regressions that model fever clusters with pain or nausea/vomiting result in
respective parameter estimates that are consistent in sign and magnitude and that would yield
similar simple slopes plots (Figure 1 reveals the plot for fever and pain). Two additional follow-
up simple slopes plots involving fatigue/weakness also remain highly consistent (Figures 2a
and 3a), whether this is reflected by the influence of pain or, when trouble sleeping is not an
additional complication, by the influence of dyspnea (i.e., shortness of breath/difficulty
breathing). That is, sensitivity to pain and shortness of breath/difficulty breathing are
heightened in contexts of high fatigue and weakness. Together, these results elaborate earlier
findings from main-effect ordinal probit regressions that patients with nausea or dyspnea
experienced higher levels of pain,63 by testing more flexible interaction-effect models that
account for clustering among these symptoms.

Thus, the set of simple slopes plots reveals remarkably consistent, synergistic relationships
involving fever or fatigue with pain and with other symptoms. These findings support the
plausibility of SB as a common phenomenon, initially signaled by fever, in which the symptoms
of malaise, fatigue and weakness, nausea and vomiting, pain, and difficulty breathing result
simultaneously, in some close sequence, or both.

The interaction between pain and fatigue/weakness yields remains significant at P = 0.05,
yielding a similar b coefficient, when fatigue/weakness is replaced by weight loss, suggesting
that fatigue/weakness that accompanies pain may stem from weight loss. However, we cannot
necessarily attribute such weight loss to the anorexia-cachexia syndrome, which was not
confirmed by other findings. For instance, the interaction of pain and appetite loss was not also
significant.
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Even so, we cannot rule out the possibility that an early stage of the anorexia-cachexia
syndrome may be occurring due to the finding that the highly significant three-way interaction
(involving fatigue/weakness, shortness of breath/difficulty breathing, and trouble sleeping)
remained statistically significant when appetite loss (but not weight loss) replaced fatigue/
weakness. The non-significance of weight loss in this cluster of symptoms suggests that of the
three different factors that contribute to the complexity of dyspnea,79 dyspnea that results in
depressive affect or malaise cannot be attributed to the need for a greater proportion of
respiratory muscle for breathing, which occurs during cachexia. However, dyspnea may result
from an increase in respiratory effort to overcome an obstruction, such as a large pleural
effusion common in metastasis, and from an increase in ventilatory requirement due to
hypoxemia, anemia, and other factors. These causes of dyspnea could relate more closely to
appetite problems and related issues, such as gastrointestinal problems, than to weight loss per
se.

Therefore, factors such as pleural effusion, anemia, fatigue/weakness unrelated to anemia, and
appetite-related issues could explain the highly significant interaction between fatigue/
weakness, dyspnea, and trouble sleeping, whereas illness- and iatrogenic-related weight loss
may be associated with heightened pain sensitivity.

Finally, follow-up regression analyses revealed patients’ experience of symptoms to be
influenced by hypertension, types of cancer, as well as the presence of bone metastasis.
However, the relationship of the second symptom cluster (fatigue/weakness, shortness of
breath/difficulty breathing, trouble sleeping) to depressive affect is broader than the context of
hypertension because it also includes patients who experience fatigue and weakness that can
be attributed to appetite loss rather than hypertension (compare 5 and 6, Table 4).

There are various reasons why hypertension may interact with the second symptom cluster.
Short-term use of acetaminophen and nonsteroidal anti-inflammatory drugs (NSAIDs) (except
aspirin) was determined to induce hypertension.80–82 Hypoxia, which is common in meta-
static cancer, contributes to hypertension, fatigue/weakness, and dyspnea. Hypercalcemia of
malignancy, which is common in bone metastases, contributes to hypertension and anemia,
whereas anemia contributes to fatigue/weakness and dyspnea. Anti-hypertensive medications,
rather than uncontrolled hypertension, may exacerbate fatigue.83 Anxiety may be a feature of
hypertension, hypoxia, hypercalcemia of malignancy, anemia, shortness of breath/difficulty
breathing, and trouble sleeping. On the other hand, the significance of hypertension cannot be
attributed to its traditional role as an indicator of atherosclerosis (progressive vascular disease)
because comorbid effects from heart disease would have been significant as well.

The management of hypertension may be a critical factor in the consideration of treatments
for symptom management. For instance, clinical perceptions that corticosteroid use tends to
aggravate hypertension may provide some account for the widespread underemployment of
corticosteroids to prevent delayed chemotherapy-induced nausea and emesis,84 despite that a
short course of the corticosteroid dexamethasone should not aggravate hypertension that is
already well controlled.85

In follow-up regressions to the first symptom cluster involving pain and weight loss, the
involvement of lung cancer (Table 4, footnote g, reveals dramatic deterioration when lung
cancer was excluded) suggests that the well-documented fatigue in lung cancer may be related
to weight loss. (Recall the evidence of strong overlap between the cluster involving pain and
weight loss and the cluster involving pain and fatigue; compare 5 and 6 in Table 3).

On the other hand, the non-involvement of the primary site of lung cancer in the second cluster
(fatigue/weakness, shortness of breath/breathing difficulties, trouble sleeping) does not rule
out dyspnea resulting from increased respiratory effort due to metastases involving the lung
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and surrounding area, such as pleural effusion.79 Moreover, the expression of dyspnea is likely
to differ qualitatively in lung cancer, which could displace the expression of depression
(malaise) with elevated anxiety and depression-anxiety.20,86–88 This is suggested by the
descriptive findings that participants with lung cancer are more likely to report dyspnea.

Distinguishing Fever from Fatigue: A Further Rationale
In classic sickness behavior in response to infection, immune cells react to microorganisms by
secreting blood-borne pyrogenic cytokine signals to the brain, which results in fever.89 In
contrast to blood-borne routes for cytokine-to-brain communication, cytokines also appear to
communicate with the brain by activating the peripheral vagus nerve, which is present in major
sites of pathogen entry such as the lungs and lymph nodes.

Two important features of the vagal pathway suggest its importance regarding cytokine-brain
communication during cancer. First, the vagal pathway is available even when cytokine levels
in the bloodstream are low, such as during the early phase of an infection or perhaps as an
immunological response to cancer-related inflammation in the absence of viral infection.90
Second, in contrast to the similarities between the vagal and blood-borne pathways in mediating
several other symptoms, the vagal pathway does not appear to communicate a pyrogenic
cytokine signal to the brain.91 Both of these factors could explain why many patients with
cancer manifest only low-grade fever.19

Fever is one of several contributing factors to fatigue, including pain, medication, infection,
anemia, and weight loss.19 The release of proinflammatory cytokines (interleukin-1α,
interleukin-1β, interleukin-4, interleukin-6, and tumor necrosis factor-α) during infection or
inflammation stimulates fever.92 These proinflammatory cytokines are also associated with
the manifestation of other symptoms, including pain and fatigue. The separate choices to
control, or not to control, fever may aggravate other symptoms, although through different
mechanisms.

Subthreshold neutropenia occurs across many patients receiving chemotherapy, and physicians
may choose not to control fever in these patients because it may be the only sign of infection
and the onset of neutropenia.93 Thus, it is not always desirable to treat fever, but in these
situations the presence of fever may aggravate pain and other symptoms, as suggested by the
paradigm of sickness behavior.

Conversely, fever may be over-controlled in other patients also at risk for subthreshold
neutropenia, as well as appropriately controlled in patients who are not at risk. The fever
response can be suppressed by immunosuppressive agents, such as NSAIDs, although complete
suppression typically does not occur in the presence of infection.50 The importance of the fever
response should be noted, however. Increased body temperature from fever serves to weaken
and kill invading pathogens. Over time, weakening or deactivation of this fever response could
exacerbate inflammation, symptoms (such as increased pain), and re-infection even from low-
grade infections.

Increased risk of hypertension, for instance, has been associated even with short-term use of
acetaminophen and NSAIDs (except aspirin).80–82 In the current study, this phenomenon may
explain why the comorbid condition of hypertension interacts with the second symptom cluster
(fatigue/weakness, shortness of breath/difficulty breathing, trouble sleeping) in the follow-up
regression predicting depressive affect.

These dual and offsetting mechanisms based on the degree of fever control might explain why
the sample prevalence of fever was more moderate than the other symptoms. Although for
some at-risk patients who had recently received curative chemotherapy, fever was deliberately
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under-controlled in order to detect the onset of neutropenia, the larger group of patients at lower
risk may have been treated with non-specific NSAIDs (and today with COX-II inhibitors as a
second approach). Thus, the manifestation of sickness behavior through the under-control of
fever, and conversely through its relief, may each be explanatory mechanisms. Those with
remaining fever symptoms would appear less likely to have over-controlled fever symptoms,
and could differ from other patients in the pathways and patterns of symptom expression.

Therefore, the specification of fever and fever-based clusters is supported by the sickness
behavior paradigm, the likelihood of dual and offsetting mechanisms based on the degree of
fever control, and the prevention of confounding of fatigue and fatigue-based clusters. From
a statistical perspective, the low levels of multi-colinearity among the centered symptom
variables and their interactions signify that co-occurrences are not likely to be over-inflated by
chance associations. Furthermore, proper specification and estimation of symptom clusters
results from the modeling flexibility inherent in curvilinear and moderator regression. In
contrast, the more parsimonious main-effects regression model would make it more subject to
chance associations.

Potential for Crossover Interventions
The current study supports the potential not only for improvement in pain as a crossover impact
of fatigue and depression interventions, as has been recently suggested, but also from
interventions for fever, nausea and vomiting, constipation, shortness of breath/difficulty
breathing, and weight loss. For instance, interventions for symptoms closely related to fever,
such as more vigilant attention to fluids maintenance and hydration, or interventions for nausea/
vomiting, such as anti-emetic agents, might also demonstrate crossover effects on pain, fatigue,
or depressed affect.

Pain and fatigue/weakness are especially prevalent in this population. Crossover effects from
interventions that reduce these two symptoms potentially could apply broadly across patients,
although multiple mechanisms characterize both symptoms, which could also serve to limit
the scope of specific crossover interventions. Even so, certain duplicated patterns of symptom
clusters on depressive affect result when one symptom is tested in place of another, which
provide some clues to inform the search for interventions with crossover impacts.

First, the striking similarity of the simple slopes plots involving fatigue/weakness with pain
and, when sleep is not problematic, with shortness of breath/difficulty breathing, points to the
possibility that interventions for pain or for dyspnea could simultaneously relieve the other
symptom. For instance, crossover effects could result in treatment for anemia, a frequent side
effect of cancer treatment, in which fatigue, weakness, shortness of breath, and chest pain are
common symptoms.

Second, although the pain–depression relationship is found to be moderated by fatigue, it is
found to be moderated to a similar degree by weight loss. These cross-sectional findings raise
the issue whether depression may appear to increase sensitivity to pain because it is highly
associated with a third variable, such as weight loss, which may be more closely associated
with the primal cause of heightened pain sensitivity (and even of depression). For instance,
although patients with metastatic cancer may experience weight loss, which may co-occur close
to the onset of depression, it is plausible that weight loss, and not depression, may cause
heightened sensitivity to pain. In advanced cancer patients receiving palliative radiation to
relieve painful bone metastases, weight loss may be associated with bone loss, and the cluster
involving pain and weight loss could reflect greater malaise as a result of localized sites of
painful bone metastases compared to more generalized pain or other forms of weight loss (e.g.,
muscle deterioration, dehydration), although the cluster may also reflect systemic anemia-
related blood loss as well.
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Third, a tentative finding not reported in Table 4 calls attention to whether interventions for
nausea or constipation might also relieve pain. When the variable “nausea/vomiting” is
replaced with “changes in bowel habits,” the final interaction involving fever is preserved,
despite that it deteriorates somewhat to become statistically insignificant (with P value ranging
from 0.085 to 0.112). This deterioration could be due to the broad domain of this symptom
category (e.g., constipation, diarrhea, bowel obstruction). Thus, future research should
determine whether the more targeted symptom of constipation, which is the most common type
of bowel problem in chemotherapy and radiation, is a significant predictor.

Other factors suggest this possibility. Nausea-constipation is a common symptom constellation
within the cachexia-anorexia syndrome, a prevalent feature of advanced cancer.94 Moreover,
constipation and associated pain result from spinal cord compression and are side effects of
chemotherapy,95 opioid medications to relieve pain,96,97 and polypharmacy.98 Thus, it is
plausible that interventions to relieve nausea-constipation could result in crossover effects that
prevent or reduce gastrointestinal and abdominal pain, which may differ from pain at localized
site(s) of cancer.

This possibility suggests alternative interpretations for our current findings. Although the
separate interactions between fever and pain and between fever and nausea/vomiting overlap
in the prediction of depressive affect, this does not necessarily suggest that fever aggravates
nausea/vomiting directly. For instance, fever could be more strongly associated with pain
sensitivity or certain kinds of pain, such as gastrointestinal or abdominal pain and constipation,
which in turn could be associated with nausea/vomiting. Once again, the possibility for this
indirect pathway is suggested by the consistent form of the interaction, despite not reaching
significance at P < 0.05, when the broadly defined variable “changes in bowel habits” is
substituted for “nausea/vomiting.”

Targeting Crossover Interventions to the Initial Phase of Palliative Radiation
Physicians appear more likely to refer patients for palliative radiation when they experience
troublesome opioid side effects in order to reduce the level of analgesics. Analgesics continue
to be necessary for non-irradiated sites, for new sites that become “unmasked” as the radiated
site improves,99 during the 1- to 4-week delay until pain relief, and for the 20% of referred
patients who do not derive pain relief despite palliative radiation.100,101 The fact that the
initial pain-fatigue cluster (and the subsequent pain-weight loss cluster) remained significant
when pain was replaced with nausea may be related to initial and continuing opioid levels that
tend to displace the symptom of pain with nausea. Today, medications such as corticosteroids
can either substitute for opioids or allow lower doses of opioids with fewer side effects.

Bone loss from metastases can lead to hypercalcemia of malignancy, which can result in
hypertension, anemia, and hypoxia. Hypoxia and anemia unrelated to hypercalcemia are also
common in advanced cancer patients. In the current study, either mechanism could account for
malaise from the second cluster (fatigue/weakness, shortness of breath/difficulty breathing,
and trouble sleeping) and from the follow-up cluster that is moderated further by hypertension.
Secondary anxiety related to any of these conditions could compound these clusters.

The dramatic deterioration in the second cluster when the hip/pelvis site of palliative radiation
was excluded (see footnote d, Table 4) suggests that metastases to the weight-bearing bones
of the hip and pelvis configure strongly in the functional decline and malaise reflected by this
cluster of symptoms. Although higher physician referral to palliative radiation would be
expected to prevent fracture of weight-bearing bones, the frequency of this category is similar
to other major sites of palliative radiation; these results do not appear to be explained by
disproportionate physician referral. A more plausible explanation could be that the process of
bone formation and resorption may be quickened in weight-bearing bones which may be more
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subject to wear and tear; bone loss from metastases at these sites could be more dramatic,
leading more readily to anemia, hypoxia, and hypercalcemia.

If this is correct, the early use of palliative radiation at weight-bearing sites could help reduce
these complications. Also note that bisphosphonates (especially zoledronic acid), which were
not approved during the sample collection period (1991–1992), are now considered the best
treatment for hypercalcemia of malignancy. Bisphosphonates have been shown to reduce
fractures, spinal cord complications, and bone pain, as well as the need for palliative radiation
or surgery.102 Widespread use of bisphosphonates for bone metastases could potentially
reduce hypercalcemia of malignancy, anemia, and hypoxia that contribute to the hypertension-
related symptom cluster.

Future Research on Crossover Interventions
Despite the strong internal validity of the current study afforded by the specification flexibility
to model symptom clusters within participants, supported by a theoretical and empirical basis,
the moderate participation rate limits the generalizability of the findings across patients
initiating palliative radiation. Future studies based on diverse and random samples are needed
to assess the prevalence of symptom clusters and the scope for crossover interventions.

An important clue regarding untapped potential for crossover interventions is revealed by the
simple fact that relatively high correlations between fatigue and depression were maintained
after items associated with fatigue were removed from depression scales.103 Such findings
suggest that fatigue and depression may be correlated because both constructs stem from a
common higher-order factor, even when shared-item variance is removed. This higher-order
factor could incorporate two types of sickness behavior identified to date, a depressive
syndrome (with a high negative affect component) and a neurovegetative syndrome
characterized by malaise, anhedonia, anorexia, and non-responsiveness to SSRI
antidepressants.45

The robustness of these correlations provides an additional rationale for supporting the call for
controlled trials to identify non-SSRI antidepressants that improve fatigue even in patients
without depression.20 Clinical observations suggest that antidepressants may yield greater
energy enhancement compared to mood improvement,104 especially for certain agents
(venlafaxine and bupropion,105 the secondary amine tricyclics including nortriptyline and
desipramine106) that act similar to psycho-stimulants by increasing synaptic levels of
norepinephrine.107 Because psychostimulants increase plasma levels of agents such as
tricyclic antidepressants, controlled trials should also test combinations of antidepressants and
psychostimulants.

Several crossover effects for such controlled trials are suggested by the current study. The
significance of the pain clusters involving fever, fatigue/weakness, and weight loss suggest
that antidepressants, psychostimulants, as well as mood- and appetite-enhancing
corticosteroids (dexamethasone, prednisone),108 might relieve pain by reducing fatigue/
weakness linked to mechanisms that promote fever and weight loss. These medications could
also act to reduce pain directly.

In the current study, given the overlap in symptom clusters when nausea/vomiting substitutes
for pain, it remains plausible that reducing fatigue/weakness associated with fever and weight
loss could also reduce nausea/vomiting as well. For instance, decreased activity from weakness
may lead to constipation. In turn, receptors in the gut stimulate vagal and sympathetic afferents
that activate the nausea and vomiting center in the brain.109 Thus, interventions to relieve
weakness, or fatigue that leads to weakness, could potentially reduce constipation as well as
nausea and vomiting. The broad application of bisphosphonates and palliative radiation in
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patients with metastases could provide indirect yet effective relief for pain, and it would appear,
for nausea/vomiting, and constipation, through correction of conditions that are tied more
directly to weight loss and fatigue/weakness (i.e., bone loss, skeletal complications,
hypercalcemia of malignancy, and anemia). The indirect nature of the mechanism is suggested
by the gradual onset and improvement in pain relief (one to four weeks) after initiating palliative
radiation.100,101,110,111

A shared mechanism is also suggested by the activity of corticosteroids, which not only relieve
pain but are used to prevent delayed chemotherapy-induced nausea and emesis.112 On the
other hand, opioids to relieve pain, as well as metabolic abnormalities such as hypercalcemia,
result in nausea and vomiting by activating the chemoreceptive trigger zone.113 Therefore,
although pain and nausea may co-occur as part of a common mechanism during sickness
behavior, the relationship between pain and nausea may also be mediated by opioid use.

However, the psychostimulant methylphenidate was found to limit opioid sedation, which is
related to fatigue/weakness.114 This finding, in concert with symptom cluster findings from
the current study, suggests an interesting possibility for controlled trials involving
psychostimulants to reduce fatigue and depression. In the current study, the significant and
overlapping symptom clusters involving pain or nausea/vomiting with fatigue/weakness
suggests that individual psychostimulants should be tested not only for reductions in fatigue
and weakness but for pain, nausea/vomiting, and related symptoms such as constipation. If
psychostimulants like methylphenidate are found to act on the vagal afferent pathway, their
use at a lower opioid dose could reduce not only the fatigue and weakness from opioid sedation,
but opioid-induced nausea, vomiting, and constipation as well.

Other promising interventions may stimulate cytokine antagonists in central or peripheral sites
in order to reduce the buildup of proinflammatory cytokines associated with fatigue, pain,
nausea/vomiting, and weight loss. Cyclooxygenase-2 (COX-2) inhibitors (celecoxib,
rofecoxib), a selective class of NSAIDs, disrupt the expression of tumor necrosis factor-α
(TNF-α),115 a cytokine associated with fatigue and weakness through its actions as a cachetin
(which induces weight loss) and as a pyrogen (which induces fever). Moreover, cytokine
antagonists such as COX-2 inhibitors and in-terleukin-1 (IL-1) inhibitors show promise in
reducing symptoms associated with fatigue, such as peripheral nerve pathological pain
syndromes.116 Once again, if pain co-occurs with fever, fatigue, or weight loss, the anti-
inflammatory effects of these cytokine antagonists could reduce pain indirectly through their
impacts on these other symptoms.

Greater attention needs to be paid to fever. Fever can become chronic within targeted
subgroups, such as patients with immunosuppression (neutropenia),50,117 comorbid advanced
dementia118 or those who cannot afford out-of-pocket drug costs or adhere to drug regimens.
In these situations, chronic fever could sustain or aggravate other symptoms for longer periods.
Thus, it is important to recognize that the plausibility and validity of crossover effects by
interventions for fever and other symptoms are distinct from their scope or applicability across
cancer patients.

Future longitudinal research should investigate whether potential mechanisms of malaise
involve mediated pathways, while also accounting for symptom comorbidity. To the extent
that increased pain sensitivity is a consequence of other symptoms, interventions that relieve
these other symptoms would be promising targets to reduce or prevent pain. Questions related
to the specific symptoms in the current study include: Does prolonged fever during SB
simultaneously increase sensitivity to pain and nausea/vomiting? Does increased sensitivity to
pain, which may heighten fatigue, occur as a consequence of nausea or vomiting? And in
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patients with trouble sleeping, does depressive affect appear to diminish as difficulty breathing
increases (see Figure 3b) because it is displaced by anxiety?

Specific types of pain, such as gastrointestinal pain and pain from constipation, should be
distinguished, and the most direct symptom consequences of fever, such as dehydration, should
be investigated. For instance, is fever or the resulting dehydration most associated with
increased sensitivity to pain or to certain types of pain (especially when nausea and vomiting
limit intake of fluids)? Is there a causal ordering of subsequent symptoms (e.g., fatigue, pain,
nausea) that stem from fever and dehydration?

Crossover impacts by non-pharmacological interventions should not be neglected in future
research. Promising approaches include physical exercise,119 meditation and directed
breathing, and psychoeducation and counseling with couples, caregivers, families, and support
groups. It is critical, but not widely recognized, that medical and pharmacological interventions
that minimize “triggering” factors in symptom clusters may yield important opportunities to
improve the scope and efficacy of exercise, psychosocial interventions (such as cognitive
behavioral therapy,120 motivational interviewing), and complementary/alternative medical
modalities, to help patients cope with the “maintenance” factors of chronic and residual
symptoms. As feasible linkages across medical, pharmacological, and psychosocial modalities
of care become increasingly demonstrated, multidisciplinary practice by physicians, nurses,
social workers, and other health professions could become more coordinated and effective in
treating physical symptom clusters, comorbid depression, and other mental health symptoms.
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Fig 1.
Depressive affect predicted by pain and fever2, controlling for the interaction of trouble
sleeping with fever2.
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Fig 2.
(a) Depressive affect predicted by pain and fatigue/weakness. (b) Depressive affect predicted
by pain and fatigue/weakness, controlling for interactions of pain with trouble sleeping and of
pain with fever.
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Fig 3.
Depressive affect predicted by shortness of breath/difficulty breathing and fatigue/weakness
when trouble sleeping is (a) low versus (b) high.
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Table 1
Sample Characteristics, n = 268

Characteristic Frequency Percentage

Age distribution
 30–39 7 2.6
 40–49 31 11.6
 50–59 54 20.1
 60–69 94 35.1
 70–79 71 26.5
 80–89 11 4.1
Primary cancer sites
 Breast 58 21.6
 Colorectal 13 4.9
 Gynecologic 26 9.7
 Head and neck 37 13.8
 Lung 54 20.2
 Prostate 24 9.0
 Other 56 20.9
Primary treatment
 Surgery 164 61.2
 Curative radiation 83 31.0
 Surgery and curative radiation 54 20.1
Comorbid conditions
 Arthritis 73 26.0
 Asthma 6 2.1
 Diabetes 26 9.3
 Emphysema 11 3.9
 Heart disease 16 5.7
 Hypertension 68 24.2
 Arthritis and diabetes 12 4.3
 Arthritis and heart disease 6 2.1
 Arthritis and hypertension 25 8.9
 Arthritis, diabetes, and hypertension 7 2.5
 Diabetes and hypertension 12 4.3
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al

 v
al
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r e
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f i

nt
er
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tio
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s r
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m
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of

 c
ur
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m
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ha

t m
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en
tia
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p 
th
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in

te
ra
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io

ns
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d Se
pa

ra
te

 fo
llo

w
-u

p 
re

gr
es

si
on

s t
es

te
d 

w
he

th
er

 5
 is

 fu
rth

er
 q

ua
lif

ie
d 

by
 e

ac
h 

co
m

or
bi

d 
ill

ne
ss

 c
on

di
tio
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yp
er

te
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io
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on
ly

 c
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or
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d 
co

nd
iti

on
 fo

un
d 

to
 d

o 
so
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es

ul
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 c
ha

ng
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er
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 w
as

 e
xc
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de
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 a

 se
pa
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te
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io
r p
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at
io

n 
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te
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as
 e
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 ru
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in

 a
 p

ar
al

le
l s

er
ie

s o
f f

ol
lo

w
-u

p 
re

gr
es

si
on
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f t
he

se
, t

he
in
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ea
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va

lu
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r t
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te
ra

ct
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n 
in

vo
lv

in
g 
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rte
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io
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tig

ue
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re
at

h,
 a
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 sl

ee
p 

w
as

 d
ra

m
at

ic
 o

nl
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w
he

n 
th
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hi
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pe
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f p
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e 
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at
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 e
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(i.
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 0
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at
is

tic
al

ly
 si

gn
ifi

ca
nt

 p
hy

si
ca

l s
ym
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s.
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