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Abstract
Context—The study of symptom clusters is gaining increased attention in the field of oncology
in an attempt to improve the quality of life of patients diagnosed with cancer.

Objectives—The aims of the present study were to: (1) determine the prevalence and
distribution of pain, fatigue, and symptoms of depression and their covariation as a cluster in
people with hepatobiliary carcinoma; (2) characterize how variation in each individual symptom
and/or their covariation as a cluster are associated with changes in immunity; and (3) determine if
the symptom clusters, and associated biomarkers, are related to survival in people diagnosed with
hepatobiliary carcinoma.

Methods—Two hundred and six participants diagnosed with hepatobiliary carcinoma completed
a battery of standardized questionnaire measuring cancer-related symptoms. Peripheral blood
leukocytes were measured at diagnosis, three- and six-month follow-ups. Survival was measured
from the date of diagnosis to death.

Results—Cancer-related symptoms were prevalent and two-step hierarchical cluster analyses
yielded three clusters. High levels of pain, fatigue, and depression were found to be associated
with elevated eosinophil percentages (F[1,78]=3.1, P=0.05) at three-month and six-month follow-
ups using repeated measures ANOVA. Using multivariate latent growth curve modeling, pain was
the primary symptom associated with elevated eosinophil percentages between diagnosis and six
months (z=2.24, P=0.05). Using Cox regression, vascular invasion and age were negatively
associated with survival (Chi-square=21.6, P=0.03). While stratifying for vascular invasion,
Kaplan Meier survival analysis was performed and eosinophil levels above the median for the
sample were found to be related to increased survival in patients with and without vascular
invasion (Breslow Chi-square=4.9, P=0.03). Symptom clusters did not mediate the relationship
between eosinophils and survival.
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Conclusion—Cancer-related symptoms, particularly pain and depression, were associated with
increased percentages of eosinophils. The presence of symptoms may reflect tumor cell death and
be indicative of response to treatment, or other processes, in patients with hepatobiliary carcinoma.
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Introduction
The National Cancer Institute (NCI) State-of-the-Science consensus statement reported that
the three most prevalent and undertreated cancer-related symptoms are pain, fatigue, and
depression (1). In a clinical context, it is well established that these symptoms co-occur, but
are treated independently. Although the concept of “symptom clusters” has been employed
in other areas of medicine, this conceptual framework has only been recently introduced to
the field of oncology (2–6). Dodd and colleagues (2) defined a symptom cluster as “three or
more concurrent symptoms that are related to each other.” In the present study, we examined
the prevalence and distribution of the three most common cancer-related symptoms in
patients with hepatobiliary carcinoma. A growing body of research suggests that these
cancer-related symptoms, at a molecular level, may have shared underlying biological
mechanisms -- the cytokine immunological model (5–6).

Pain has been previously described as an evolutionarily adaptive constellation of responses
that enhance survival of the host (7). Pro-inflammatory cytokines have been found to
facilitate inflammatory and neuropathic pain (7). Spinal glial cells (astrocytes and microglia)
when activated lead to increased levels of pain but also release pro-inflammatory cytokines
within the central nervous system (8–10). Furthermore, the exogenous administration of
proinflammatory cytokines facilitates the induction of pain and agents that antagonize
proinflammatory responses have been shown to block pain (11).

In regard to fatigue, cytokines act as autocrine or paracrine growth factor for neoplastic
tissue that result in fatigue (12). In other disease states, such as multiple sclerosis, fatigue
has been found to be associated with elevations in IFN-γ and TNF-α. In patients with acute
myelogenous leukemia or myelodysplastic syndrome, fatigue was found to be associated
with elevations in interleukin (IL)-6, IL-1 and TNF- α levels in the serum. Bower and
colleagues also recently found that fatigue was associated with higher levels of serum
IL-1RA, soluble TNF-RII, and neopterin in women diagnosed with breast cancer (13).
Anemia, which is commonly associated with fatigue, has been shown to be associated with
blunting of erythropoietin response and cytokine changes, including elevations in IL-1, IL-6,
and TNF- α, which suppress erythropoiesis (14).

Finally, abnormal secretion of IL-1 and IFN-γ, as well as IL-2 and IL-6, have been observed
in people who report depressive symptoms (15–18). According to Raison and Miller,
changes in these cytokines may contribute to depressive symptoms in several ways,
including: (1) causing alterations in metabolism of monoamines, such as norepinephrine,
serotonin, and dopamine; (2) activating the HPA-axis and stimulating corticotrophin-
releasing hormone (19–20); (3) leading to the resistance of nervous, endocrine and immune
system tissues to circulating glucocorticoid hormones through direct inhibitory effects on the
expression or function of glucocorticoid receptors (21); and (4) reducing L-trypotophan and
induction of enzyme indolamine 2,3 dioxygensase (IDO), which breaks down tryptophan
into kynureinin and inhibit immunity (22–25). Suarez and colleagues found that, even while
controlling for age, race, alcohol use, and body mass index, mild to moderate depression
was associated with monocyte-associated (CD14) expression of interleukin-1β, tumor
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necrosis factor-α, IL-8, and monocyte chemotactic protein-1 (MCP-1) after in vitro
lipopolysaccharide stimulation of undiluted whole blood (26). Finally, it is also well
established that the introduction of exogenous interferon-alpha can lead to depression (27).

Although the cytokine-immunological theory has not been empirically tested, a plethora of
evidence has accumulated regarding the association between cancer-related symptom and
cytokines from research investigating the underlying biological mechanisms of “sickness
behavior” (5–6); administration of exogenous cytokines and subsequent induction of
symptoms (27), and the reduction of these symptoms with cytokine antagonists across a
variety of disease states (28). A separate but related literature regarding the role of tumor-
associated tissue and blood eosinophilia (TATE and TABE, respectively), has lead to
important advances in the treatment of cancer (29–30), namely the development of kinase
inhibitors (e.g., imatinib mesylate, sorafenib) (31–32). TABE followed by treatment with
kinase inhibitors has been shown to be associated with a favorable prognosis in patients with
solid tumors (31–37).

Eosinophils and cytokines are closely wedded. The production of eosinophils require
Interleukin IL-5, IL-3, and granulocyte-macrophage colony stimulating factor (38–39).
Eosinophils also result in the production of some of the pro-inflammatory cytokines
including TNF–α and transforming growth factor–beta (TGF-β) (38–39). Conceivably,
cancer-related symptom clusters may be not only associated with changes in cytokines but
may also be related to changes in eosinophils. Eosinophils, in the setting of neoplasia, have
two primary functions (1) a destructive effector function that limits the growth of the tumor
(e.g., gastrointestinal cancers), and (2) an immunoregulative activity to suppress immune
response and promote proliferation of tumor cells (oral squamous cell carcinoma (29).

Hepatobiliary carcinoma (HBC) is an excellent model to test the associations between
cancer-related symptom clusters, immunity, and survival. Suppression of nonadaptive
immunity, as well as changes in cytokines, have been found to be associated with disease
progression and survival in people diagnosed with hepatocellular carcinoma, which is the
most prevalent of the hepatobiliary carcinomas (40–55). The aims of the study were to
prospectively: (1) determine the prevalence and distribution of pain, fatigue, and symptoms
of depression and their covariation as a cluster in people with hepatobiliary carcinoma; (2)
characterize how variation in each individual symptom and/or their covariation as a cluster
are associated with changes in immunity; and (3) determine if the symptom clusters, and
associated biomarkers, are related to survival in people diagnosed with hepatobiliary
carcinoma.

Methods
Design

Patients were prospectively studied from diagnosis to death. For the purposes of this study,
data concerning symptoms were collected at baseline (prior to treatment), and at 3- and 6-
months follow-up.

Participants
Two hundred and six patients were recruited from the University of Pittsburgh’s Liver
Cancer Center between April 2002 and April 2007. Inclusion criteria for participants in this
phase of the study were: (1) diagnosis of hepatobiliary carcinoma, (2) fluency in English, (3)
age between 18–85 years. Exclusion criteria were: (1) participants who are too medically ill
to participate in the study or had a prognosis of less than 3 months, and (2) patients who
reported psychiatric symptoms that include psychosis or thought disorder, or report of
suicidal or homicidal ideation.
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Instruments/Assessment
Sociodemographic Characteristics—A 25-item questionnaire assessing the
participant’s gender, age, ethnic group, educational level, marital status, residence, number
of children, occupation, income, religious preference, and health care insurance was
administered.

The Functional Assessment of Cancer Therapy-Hepatobiliary (FACT-Hep)—
(56–57) was used to assess changes in symptoms and side effects of treatment. The FACT-
Hep is a combination of the FACT-General, a 27-item instrument that measures four
dimensions of quality of life (56), and a module with 18 additional items specific for
participants with hepatobiliary disease (57). The module includes questions that pertain to
symptoms of the disease as well as side effects of the treatment. The FACT is one of the
most widely utilized quality-of-life questionnaires in clinical trials for new cancer treatments
and the FACT-G and Hepatobiliary module has been demonstrated to be valid and reliable
(56–57).

Single items (“I have pain” and “I have fatigue”) and the emotional well-being (EWB)
subscale of the FACT-Hep were employed to measure pain, fatigue, and depressive
symptoms, respectively. In a subsample of patients (n=40), the single items (i.e., pain,
fatigue) and subscale (i.e., EWB subscale) were found to be significantly correlated with
multi-item standardized measures of these symptoms, including the Brief Pain Inventory
(58), FACT-Fatigue scale (59), and the Center for Epidemiological Studies-Depression scale
(60).

Liver Functioning Tests and Immune System Parameters
Each patient who is evaluated and treated at the Liver Cancer Center has weekly blood
draws as part of their routine work up and treatment. The panel of laboratory tests include
total bilirubin, PT, PTT, albumin, alkaline phosphatate, GGTP, hemoglobin, hematocrit,
alpha-fetoprotein, and creatine were performed at each visit. Peripheral blood leukocytes
counts and percentage of distinct cell types were assessed and included lymphocyte subsets
such as monocytes, eosinophils, neutrophils and basophils. The lymphocyte subsets, in
particular, were collected to assess neutropenia. Although these labs were not originally
collected for the purposes of this study, due to the resurgence in interest in TATE and TABE
and the link between eosinophils and cytokines, the study of these lymphocyte subsets and
cancer-related symptoms was undertaken.

Data Analyses
Using SPSS.v16, the data were entered and verified. Variables were examined to assess the
distribution, linearity, and where appropriate, reliability and internal consistency of scales.
The response scale for these single items, as well as the EWB subscale, is as follows: 0=not
at all; 1= a little bit; 2=somewhat; 3=quite a bit; and 4=very much. A higher score reflected
a greater frequency of that symptom in the last week for the single item. However, a higher
EWB subscale score reflects a higher level of emotional well-being. To determine whether
pain, fatigue and depressive symptoms clustered in unique pattern, a two-step hierarchical
cluster analysis was performed on symptoms (pain, fatigue, and depression) to discover
homogenous subgroups in the data file using Schwarz’s Bayesian Information Criterion
(BIC) on log-likelihood distance measures (58–61). Multivariate latent growth curve
modeling (MLGM), using structural equation modeling (SEM), was performed to examine
the relationships among rate of change of symptoms or symptom clusters and immune
system parameters over time (e.g., a correlation between rate of change of pain and
eosinophils). Parameters from these models were estimated using maximum likelihood with
Yuan-Bentler robust adjustments, which adjust for non-normal data with missing data (62).
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The models were evaluated using a Yuan-Bentler model chi-square and fit indices (62). A
model Chi-square in SEM is known to be biased against a sample size. Therefore, fit indices
are often used to evaluate a model fit. Hu and Bentler recommended a model be evaluated
using at least two different fit indices from two different classes (63–64). Comparative fit
index (CFI) (65) and root-mean-square-error-of-approximation (RMSEA) (66) were used. A
model is considered “good” if CFI is greater than or equal to 0.95 and RMSEA is less than
or equal to 0.06.

Cox regression analysis was employed to test the relationship between cancer-related
symptoms, immune system parameters, and survival. The variables were categorized to
maintain adequate power and provide clinically meaningful groups; they are as follows:
gender (male or female); age (≤50 or >50); ethnicity (Caucasian and non-Caucasian);
presence or absence of hepatitis B and/or C; presence or absence of cirrhosis, size of lesion
(<5cm or ≥5cm); number of lesions (≤2 or >2); vascularity of lesion (hypervascular/mixed
vascularity or hypovascular); and the presence or absence of vascular invasion. Kaplan
Meier survival analyses were employed to test the differences between eosinophil levels in
regard to survival while stratifying for vascular invasion. The data analyses were performed
with the entire sample as well as with patients diagnosed with only hepatocellular
carcinoma.

Results
Of the total sample (n=206), 72% were male and the mean age was 64 years (range 22–90
years). The majority of participants were Caucasian (91%). The patients were diagnosed
with hepatocellular carcinoma (84%), gallbladder carcinoma (6%), cholangiocarcinoma
(5%), or neuroendocrine carcinoma (3%), and other primary tumors with liver metastases
(2%). Table 1 provides details of sociodemographic and disease-specific characteristics of
the sample. Table 2 provides laboratory values at diagnosis for all patients by symptom
cluster.

Prevalence and Distribution of Symptoms Their Covariation as a Cluster in People with
Hepatobiliary Carcinoma

Fifty-nine percent of the patients reported pain at diagnosis and 67% reported pain at the
three-month follow-up; at the six-month follow-up, 62% reported pain. At diagnosis,
approximately 85% of patients reported fatigue. At the three- and six-month follow-ups,
85% and 77% of patients, respectively, reported fatigue. At diagnosis, three- and six-month
follow-ups, 70%, 65%, and 62% of patients, respectively, reported feelings of anxiety and
depression.

The cluster analyses yielded three clusters of patients who reported symptoms (Table 3).
The first cluster of patients (called asymptomatic) reported low levels of pain, low levels of
fatigue, and high levels of EWB (40%). The second cluster of patients (called symptomatic)
reported high levels of pain, high levels of fatigue, and low levels of EWB (25%). The third
cluster (called fatigue), about 35% of the participants, reported low levels of pain, high
levels of fatigue, and moderate EWB. Post-hoc analyses with only patients diagnosed with
hepatocellular carcinoma were performed and the same three-cluster solution was yielded.

Using repeated measures multivariate analysis of variance (MANOVA) with dependent
variables including lymphocytes, basophils, polymorphonuclear leukocytes (poly), and
eosinophils, a significant between-group difference was found between symptom clusters
and eosinophils (F[1,78]=3.1, P=0.05). The symptomatic cluster had significantly higher
eosinophils at three months (3.1 vs. 2.9 and 1.6) and six months (3.6 vs. 3.0 and 1.5) when
compared to the asymptomatic and the fatigued symptom cluster, respectively (Figure 1).
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Post-hoc analyses were performed to determine if comorbid diseases (e.g., allergies, asthma,
and autoimmune diseases) were associated with percentage of eosinophils. Using ANOVA
at each time point, no significant association was found between these medical conditions
and eosinophils at diagnosis (F[1,125]=0.03, P=0.86), three-months (F[1,84]=0.09, P=0.76),
and six months (F[1,42]=0.09, P=0.77). When employing repeated measures ANOVA, no
significant differences were found between patients with medical conditions known to be
associated with eosinophils and those without such conditions (F[2,27]=0.18, P=0.84)
(Table 3).

Variation in Symptoms and Its Association with Changes in Immunity
To investigate changes over time in symptom clusters and immune system parameters,
Multivariate Latent Growth Curve Models (MLGM) were employed. Three MLGMs were
performed on the FACT-EWB subscale, FACT-pain, and FACT-Fatigue. Yuan and Bentler
adjustment for non-normal data is analogous to Satorra and Bentler (67). The initial values
of EWB and FACT-Pain were negatively correlated (r=−0.909, z=−6.103). The rate of
change of EWB and FACT-pain was negatively correlated (r=−0.704; Yuan-Bentler χ2 (11)
= 22.893, CFI=1.00, RMSEA=0.071, SRMR=0.031). The variance of rate of change of
FACT-Fatigue was not significant (i.e., within individuals, there was no change in fatigue;σ̂
= .001, z=0.021). Similarly, there was no significant variance of rate of change of FACT-
Fatigue. The correlation between the rate of change of FACT-Fatigue and other variables
(FACT-Pain and EWB) was, therefore, not tested. The initial values of FACT-Fatigue and
FACT-Pain was positively correlated (r=0.764, z=5.129; Yuan-Bentler χ2 (13) = 49.371,
CFI=1.000, RMSEA=0.113, SRMR=0.042). The RMSEA is high but it tends to provide a
biased measure with a simple model. SRMR was added to assess fit and a good fit is
indicated by the fact that SRMS is below 0.08. The initial FACT-Fatigue and EWB were
negatively correlated (r=−0.725, z=−3.503; Yuan-Bentler χ2 (13) = 33.096, CFI=1.000,
RMSEA=0.084, SRMR=0.037). The rate of change in the symptom clusters and immune
system parameters were not significant but the correlation between rate of change in
symptom and immune system parameters were large, with a strong trend toward significance
for the rate of change for FACT-Pain and eosinophils, z=1.914, P = 0.056 (Table 4). Post-
hoc analyses that included only hepatocellular carcinoma patients yielded the same results,
with eosinophils and pain being significantly associated over time and a trend toward
significance in depressive symptoms and eosinophils.

Associations Between Symptom Clusters and Associated Biomarkers, and
Survival

Kaplan Meier analyses were performed to investigate the role of eosinophils on survival.
Kaplan Meier survival analyses were then performed after stratifying for vascular invasion,
which is consistently found to be associated with poor prognosis. Peripheral blood
eosinophils (above and below the median=2) were found to be significantly associated with
survival (Breslow Chi-square=4.9, P=0.03). For patients who had vascular invasion and a
median eosinophil count less than the median for the sample, a shorter survival (4.3 months
median survival; 95% confidence interval [CI]=3.3, 5.3) was found when compared to
patients who had eosinophils greater than the median for the sample (7.5 median months;
95% CI=5, 10). The same pattern of results were found with patients without vascular
invasion, in that patients who had eosinophil percentages less than the median for the
sample, shorter survival (15 median months; 95% CI=0.1, 30.8) was found when compared
to patients who had eosinophil percentages higher than the median for the sample (21.5
median months; 95% CI=11.4, 31.6) (Figures 2 and 3).
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Cox regression was employed to adjust for and examine the contribution of
sociodemographic, disease-specific, symptom clusters, and eosinophils in regard to overall
survival of people diagnosed with hepatobiliary carcinoma. The model remained significant
(Chi-square=21.1, P=0.03) with vascular invasion (P=0.003), age (P=0.05) and eosinophils
(P=0.03) significantly contributing to survival (P=0.01) (Table 5).

Discussion
Consistent with the NCI consensus statement, pain, fatigue and depression independently, as
well as a symptom cluster, were found to be prevalent in people diagnosed with
hepatobiliary carcinoma, with approximately 25% of patients experiencing high levels of
pain, depression, and fatigue, and another 35% of patients reporting persistent fatigue.
Overall, the three symptoms were reported in 62–85% of patients from diagnosis to six-
month follow-up.

Although research has been conducted regarding the association of cancer-related symptoms
and cytokines, no study has investigated the association between cancer-related symptoms
and eosinophils, which may have a significant role in the context of cancer. The high level
of cancer-related symptoms and association with eosinophils could not be accounted for by
comorbid diseases that are established as being associated with eosinophilia (e.g., allergy,
asthma).

Prospectively, pain was associated with higher percentages of eosinophils both at three-and
six-month follow-ups. Eosinophils are multifunctional leukocytes that are involved in
numerous inflammatory processes across disease types. Eosinophils, independent of other
subtypes of leukocytes, can be recruited from the circulation into inflammatory areas of the
body, and modulate immune responses through various mechanisms, including antigen
presentation and release of cytokines IL-2, IL-4, IL-5, IL-10, IL-12, IL-13, RANTES and
eotaxin-1. Activation and recruitment of eosinophils may regulate vascular permeability and
smooth muscle constriction. In addition, eosinophils may serve as a major effector cell,
inducing tissue damage by releasing toxic granule proteins.

Our finding are consistent with reports of hypereosinophila outside the context of cancer.
Eosinophilia has been associated with upper quadrant pain and fatigue (68), and is
hypothesized to be associated with necrotic cell death, particularly during periods of
nutrient, hypoxic, and oxidant stress (29). Although a trend toward significance was found
in regard to depressive symptoms and eosinophilia over time, fatigue was not found to be
associated with eosinophil percentage secondary to the lack of inter-individual variability in
the report of fatigue over time.

The link between pain and eosinophils is believed to result from a cascade of events,
possibly including increased tissue temperature caused by the release of histamines, which
stimulate pain-sensing neurons. This may be followed by an increase in capillary
permeability, resulting in the migration of leukocytes and macrophages from the circulatory
system to the damaged tissue (69). As a result of the increased leukocytes and macrophages
migrating into the tissue, edema and white blood cell body remnants, which increase the
cellular pressure, may result in the sensation of pain (69).

In the setting of cancer, pain is often thought to be associated with tumor burden, which may
also be indicative of decreased survival. However, post-hoc analyses were performed and
pain at diagnosis, as well as at three- and six-month follow-ups, found that pain was not
related to tumor size or survival. Prior studies have found that elevations in eosinophils were
associated with cirrhosis (70). However, posthoc analyses revealed a lack of association
between cirrhosis and eosinophil levels in the present study.
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Tumor-associated blood eosinophilia in the present study, as well as previous studies of
solid organ tumors, is consistent with a favorable prognosis for people diagnosed with
hepatobiliary carcinoma. Although the pathogenesis of eosinophilia is not well understood,
necrosis of the tumor has been hypothesized as a possible etiology of eosinophilia (29).
Although TATE and TABE often occur independently, TABE is more often observed in
advanced disease or metastatic disease (31–37).

Eosinophilia has been observed in a number of disease processes, most notably allergy and
parasitic infection (29–30); therefore, the elevations in eosinophils could be related to
comorbid diseases rather than the tumor cell death. Although random assignment, which
would control for the influence of comorbid medical conditions that may be correlated with
eosinophilia, was not the design of this study, post-hoc analyses found no association
between eosinophil levels and comorbid disease processes.

Although this is a rather new area of investigation, we did not expect that other leukocyte
subsets would necessarily be associated with symptoms or survival. Even though basophils
are associated with inflammatory reactions, these granulocytes are specifically associated
with allergic reactions or exoparasitic infections and therefore did not expect elevations or
associations in this subset. While we did expect neutrophils, and in particular, neutropenia,
to be associated with fatigue, secondary to the lack of variability over time and between
clusters, an association could not be detected.

A limitation of the present study included the use of single item measures of pain, fatigue,
and depression was used for the purposes of this study. However, in a subsample of patients,
these single items were found to be highly correlated with multidimensional instruments
such as the Center for Epidemiological Studies-Depression scale, Brief Pain Inventory, and
the Functional Assessment of Cancer Therapy-Fatigue scale.

Although we did assess other symptoms and side effects of treatment (e.g., nausea and
vomiting, itching, fevers), the frequency of these symptoms was low (<10%) and thus we
did not include these symptoms in the analyses. Future research should include
multidimensional instruments designed to measure each symptom to better understand the
“multiplicative” or catalytic effects of symptoms on one another and the use of multilevel
factor analysis (3).

The present study provides preliminary support regarding the co-occurrence of cancer-
related symptoms and the association between these symptoms, biomarkers, and disease
progression. However, cellular infiltration of eosinophils (e.g., TATE) should also be
studied in patients with hepatobiliary carcinoma to provide further evidence of the role of
tumor-associated tissue eosinophilia in disease progression. Furthermore, the cytokine-
immunological model of cancer-related symptoms warrants testing based on the results of
this study. Understanding the link between cancer-related symptoms, immunity, and disease
progression may contribute to the development of pharmacological interventions to facilitate
the management of cancer-related symptoms and potentially slow disease progression in
solid tumor cancers.
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Figure 1.
Percent of patients reporting pain, fatigue, and sadness from diagnosis to 6-months
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Figure 2.
Cumulative Survival of patients with vascular invasion Eosinophils greater than and less
than median of sample
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Figure 3.
Cumulative Survival of patients without vascular invasion Eosinophils greater than and less
than median of sample
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Table 1

Sociodemographic and Disease-Specific Characteristics of Sample

Variable Symptom Cluster Total

Asymptomatic Symptomatic Fatigue

Gender (%)

    Male 71 67 75 72

    Female 29 33 25 28

Age (years)*

    Mean 67.5 60.4 67.5 65

    Range 30–90 22–84 31–88 22–90

Ethnicity (%)a

    Caucasian 91 94 90 91

    African American 5 2 7 6

    Asian/Pacific Islander 3 6 2 2

    Hispanic 1 0 1 1

Diagnosis (%)

    Hepatocellular 88 75 87 84

    Cholangio 3 9 6 5

    Neuroendocrine 1 4 3 3

    Gallbladder 4 10 4 6

    Liver metastases 4 2 0 2

Hepatitis (%)b

    B 7.6 5.9 1.4 6

    C 24.1 17.6 19.2 28

    B and C 3.8 5.9 9.6 8

Cirrhosis (%)b 57 49 60 45

Tumor Size (cm)

    Median 5 6.2 6 7

    Range 0.9–21 1–22 0–18 0.5–22

Number of Lesions

    Median 2 3 2 3

    Range 1–6 1–6 1–6 1–6

Vascular invasion (%) 25.3 27.5 35.6 24

Vascularity (%)

    Hypervascular 78 74 79 77

    Hypovascular 20 15 17 17

    Mixed 2 10 4 6

Treatment (%)

    Transarterial Infusion

        Chemotherapy 80 83 69 77

        90-Yttrium 20 17 30 23

Survival (months)
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Variable Symptom Cluster Total

Asymptomatic Symptomatic Fatigue

    Median 9.9 8.8 7.5 8

    Range 0.4–52 0.9–63.5 0.8–91.2 0.4–91.2

a
P<0.001.

b
P<0.01.
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Table 3

Mean (SD) of Eosinophils for Patients with and without Comorbid Conditions Known to Be Associated with
Eosinophilsa

Time Point No Comorbid Condition Comorbid Condition

Diagnosis (n=126) 2.3 (3.2) 2.1 (1.8)

3-months (n=85) 2.3 (2.4) 2.0 (2.2)

6-months (n=43) 2.9 (3.2) 2.4 (2.7)

SD = standard deviation.

a
For example, allergies or asthma.
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