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Abstract

Objectives—Identification of biologic pathways of symptom clusters is necessary to develop
precision therapies for distressing symptoms. This review examined extant literature evaluating
relationships between biomarkers and symptom clusters in cancer survivors.

Data Sources—PubMed, CINAHL, Web of Science and Cochrane Library were searched using
terms “biological markers” or “biomarkers” and “symptom cluster” or “symptom complex” or
“multiple symptoms”.

Results—Biomarkers related to inflammation (e.g., cytokines) were the most studied and showed
the most significant relationships with clusters of symptoms.

Conclusion—This review suggest that clustering of symptoms related to cancer or cancer
therapy is linked to immune/inflammatory pathways.

Implications for Nursing Practice—Understanding the etiology of symptom clusters may
guide future nursing interventions for symptom management.
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Advances in treatment and screening for early detection of cancer have resulted in increased
survival for millions of individuals.! There are over 14 million cancer survivors living in the
United States, and this number is expected to reach 19 million by 2024.2 Regardless of
where one is in the spectrum of cancer survivorship, symptoms are a major concern for
individuals and their caregivers. Symptoms may be associated with the stage of the cancer or
adverse effects of treatments. Frequency, severity, and the number of co-occurring symptoms
contribute to symptom burden, which negatively affects health-related quality of life of
cancer survivors.3

Although individual symptoms may have unique manifestations clinically, it is hypothesized
that co-occurring symptoms may share common biologic underpinnings.#® The etiology
behind clustering of symptoms observed in oncology patients is poorly understood. A recent
review identified inflammatory pathways to explain the biology of symptom cluster (pain,
fatigue, sleep disturbance, and depression) reported by breast cancer women after therapy.®

Cancer and its treatment are known triggers of acute and persistent inflammatory and
immune responses,’~9 as well as influential players in the hypothalamic-pituitary-adrenal
(HPA) axis function.10-12 |t was reported that cancer treatment directly increases the
synthesis and release of cytokines from macrophages, 1314 which bind to receptors in target
cells and produce additional inflammatory cytokines and chemokines to mount a systemic
inflammatory response to counter the cellular damage inflicted by the cancer therapy.1® This
systemic inflammatory response is believed to target inflammatory-responsive neurons in the
central nervous system, which produces co-occurrence of symptoms to include fatigue,
anorexia, cognitive dysfunction, and other cytokine-induced sickness behavior.16:17

Inflammatory pathways were also suggested to explain the biology of clustering of
symptoms in clinical populations other than cancer. Levels of interleukin (IL)-15 and I1L-1
receptor agonist were negatively associated with the clustering of neuropsychiatric
symptoms including depression, apathy, agitation, and sleep in individuals with Alzheimer’s
disease.18 In women with fibromyalgia, an inflammatory transcriptome profile distinctly
delineated subjects complaining of fatigue associated with pain from those reporting fatigue
associated with catastrophizing.1®

The goal of this review is to investigate the biology of clustering of symptoms related to
cancer or cancer therapy. Specifically, this review examined studies focusing on
relationships of biological markers and the co-occurrence of cancer-related symptoms.
Central to the development and implementation of targeted, individualized, symptom
management strategies for symptom clusters is to understand the mechanisms undergirding
their development and/or persistence.
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An extensive literature search was performed with the assistance of a medical librarian at the
University of Florida using four commonly referenced databases (PubMed, CINAHL, Web
of Science, and Cochrane Library). The initial search resulted in 2656 articles using search
terms listed in Table 1. After removal of duplicates (n=24), 2632 articles remained. Articles
were included if they were written in English, published between 2005 and 2015 to capture
the most recent information, and enrolled only human subjects who were at least 21 years of
age. All articles reviewed were studies in which participants had a cancer diagnosis (any
type, any stage, receiving any cancer treatment), reported co-occurrence of more than one
symptom, and explored the relationship of biological markers and reported symptoms. The
2632 articles were assessed for relevance to the review by visually examining their titles and
abstracts using the inclusion/exclusion criteria, and additional 2435 articles were removed,
which left 197 articles for consideration. Articles were further excluded if they were
reviews, commentaries, editorials, or dissertations, which left 56 articles for full text review.
After a thorough review of the full text of the remaining articles, an additional 42 articles
were excluded because they did not explore a symptom cluster (n=21), did not include a
biomarker in relation to a symptom cluster (n=19), or were previously unidentified
duplicates (n=2). The process for article selection is described in Figure 1.

There were a total of 14 articles (see Table 2) that explored biological mechanisms related to
clustering of cancer-related symptoms.20-33 Of these 14 studies, 8 were
longitudinal?0.22:24.26,27, 30, 32,33 and 6 were cross-sectional in design.21:23.2528.29.31 The
majority (12/14, 86%) of articles reviewed were published within the last five
years.20-26,28-31.33 | addition, most studies (n=12/14, 86%) were conducted in an
outpatient setting with varying sample sizes ranging from N=24 participants2® to N=718
participants.2* The predominant cancer populations explored were women with breast
cancer (n=4/14, 29%) and individuals with lung cancer (n=4/14, 29%). Other populations
explored were individuals with hematologic cancers (n=3/14, 21%); those with hepatic
carcinoma and malignant melanoma (n=2/14, 14%); and one on gastrointestinal cancer, lung
cancer, or pancreatic cancer.24

Cluster of Symptoms

The symptom cluster most frequently examined was pain, depression, and fatigue in 64%
(n=9/14) of the studies, 5 of which were cross-sectional?3:25.28.29.31 and 4 were longitudinal
studies.20.24.26.30 Other symptom clusters explored included cognitive symptoms and fatigue
(n=1/14, 7%),2” anxiety and depression (2/14, 14%),21.26 and depression, anxiety, fatigue,
and sleep disturbance.26

Symptoms were assessed using varied self-report measures. Pain was most often assessed
using a multi-item scale (n=7/14, 50%) and less frequently measured using a numeric scale
(n=3, 21%) and the Brief Pain Inventory (n=3, 21%). Depressive symptoms were measured
using the Hospital Anxiety and Depression Scale (n=3, 21%) or the Center for
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Epidemiologic Studies Depression Scale (n=3, 21%). Fatigue was most often assessed (n=4,
29%) using the Brief Fatigue Inventory.

Biologic Pathway

The biologic pathway most frequently explored (n=13, 93%) to explain the clustering of
cancer-related symptoms was the immune/inflammation pathway. Cytokines were examined
in almost half (n=6/14, 43%) of the studies.22:25-27.32.33 C_reactive protein was examined in
five (36%) studies.?1:24-26:31 |mmune markers including viral load and white blood count
were examined in two (14%) studies,?3:30 and cytokine encoding genes were examined in
three (21%) studies.20:28.29

Inflammation

IL-6 and Tumor Necrosis Factor (TNF)- alpha (a) were the most measured cytokines (n=5,
36%).25-27:32.33 |n fact, IL-6 was measured in 50% of the longitudinal studies.26:27:32.33
Specific cytokines were observed to correlate with specific symptoms, but not with clusters
of symptoms. For example, TNF-a significantly correlated with depression, but not with
pain, fatigue, or anxiety.2® 1L-6 significantly predicted worsening of symptoms.32
Inconsistencies with these associations were observed among the reviewed studies. For
example, TNF-a was significantly associated with fatigue only in one study,2 in another
study TNF-a was only significantly correlated to depression,2® and in a third study, no
significant associations between with TNF-a levels and symptom scores were found.2 In
addition, two studies from the same group of authors reported that they were unable to detect
TNF-a levels in their samples.32:33 Inconsistent findings were also reported in the
association of C-reactive protein (CRP) with symptom clusters. For example, two studies
reported significant correlations between CRP and the clustering of depression, pain, and
fatigue,24:26 while another study did not.2> One study used the Glasgow Prognostic Scale,
where a numeric value from levels of CRP and albumin was assigned as a biologic marker,
and found that this value was significantly correlated with depression and anxiety.?!

Immune Markers

Genetics

Viral load and white blood cells were assessed in two (14%) studies.23-30 High viral load for
cytomegalovirus (CMV) was associated with high levels of pain, depression, and fatigue.23
In addition, elevated levels of eosinophils were associated with pain, fatigue, and
depression.30

There were three (21%) studies that examined genes encoding cytokines as a biological
marker of cancer-related symptoms.2%:28.29 Homozygous for rare allele in 1L-6 rs2069845
increased the odds for participants to have high symptom burden from the clustering of pain,
depression, fatigue, and sleep disturbance.29 Two studies were done by the same research
group, which investigated the involvement of immune response genes with the clustering of
pain, depressed mood, and fatigue in lung cancer patients with different disease stages.28.29
IL-8-T251A was significantly associated with pain, depressed mood, and fatigue, and
individuals with IL-8-T251A T/T genotypes were less prone to report severe pain or fatigue,
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but more prone to have severe depression compared with individuals with A/T and A/A
genotypes.2® These significant associations were not observed in participants with early-
stage lung cancer.2? In addition, these authors found that mutant alleles in ENOS (-1474
T/A); IL1B T-31C; TNFR2 Met196Arg mutant alleles of PTGS2 exon 10+837T>C; and
IL10RBLys Glu predicted the clustering of pain, depression, and fatigue.28

Hormones were the least studied. Investigators from only one study reported significant
associations with sympathetic nervous system and hypothalamic-pituitary-adrenal axis
hormones (epinephrine, norepinephrine, and cortisol) with the clustering of pain, depression,
and fatigue.3!

Discussion

This review describes the current investigations conducted in humans to explain the
biological underpinnings of clustering of cancer-related symptoms. Although our findings
suggest that inflammatory, immune, and hormonal markers are associated with the clustering
of cancer-related symptoms, several inconsistencies in these associations were observed.
These inconsistencies may result from different measurement techniques of biological
markers and symptoms. In addition, the inconsistencies with the definition of symptom
cluster itself may contribute to our findings.

Recent technological advances have allowed investigators an unprecedented opportunity to
measure different blood markers (i.e., cytokines) with more accuracy; however, this has also
created significant challenges contributing to inconsistencies observed in the literature.3* For
example, inconsistencies in the measurement of cytokines stem from the experimental
design including the method of collection, the time of day for collection, the type of
specimen obtained (serum vs. plasma), where the specimen is obtained (arterial vs. venous),
processing and storage of specimen, as well as the health status of the research
participant.34:3% In addition, the technical expertise of the lab personnel and the
commercially-available assay used greatly influence the findings.34:36 Most of these
important variables (e.g., time of day, technical expertise of the lab personnel often reported
as inter-/intra-assay variations) are not mentioned in most of the reviewed articles.

The three clustering symptoms (pain, depression, fatigue) that were most frequently
measured in the reviewed articles were assessed using various unidimensional and
multidimensional questionnaires. For example, pain was measured by a numeric rating scale
in two studies from the same sample?8.2% and measured by a health-related quality of life
instrument (SF-36) in another study.?3 This discordance in measuring a specific symptom in
a cluster might influence the association of the symptom cluster with a potential biomarker.
Because symptoms are subjective experiences, researchers often rely on patient self-report to
measure them.37 It is important to measure the same construct across studies to collectively
understand their biological underpinnings.3” As we move into the era of “Big Data,”
symptom science researchers must find ways to gather, store, and share information about
symptoms to work across studies to make comparable associations among symptoms and
symptom clusters to move symptom science forward. The use of common data elements
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(CDEs) makes certain that a construct is consistently measured across studies both
conceptually and operationally.38 It is also recommended that symptoms should be
consistently measured across disciplines.3?

The clinical relevance of the cytokine-induced clustering of cancer-related symptoms
observed from our findings warrants further investigation. To move us forward with our
mechanistic investigations, it is very important to address the other limitations we observed
while conducting this review. There was no clear definition of symptom cluster. Two of the
reviewed articles26:30 used a previously reported definition of symptom cluster of three or
more co-occurring symptoms.* Although several authors of the reviewed articles mentioned
“symptom cluster” in the titles, a clear definition of how they conceptually defined symptom
cluster was not provided.20-2428.31 Other terms used to denote co-occurrence of symptoms
included, “multiple co-occurring symptoms experienced by cancer patients”.2° Several of
the studies did not define symptom cluster, but used various statistical methods to confirm
the relationship among symptoms.21-23.25.27.32.33 Haying an agreed upon definition of
symptom cluster will advance our science investigating the biological basis for clustering of
cancer-related symptoms.

Other challenges encountered while reviewing the articles included the clustering of a
specific symptom with a related physical condition. For example, fatigue with vomiting or
fatigue with weight loss. For consistency, the authors of this review only included articles
that explored the relationship of biomarkers with subjective report of co-occurrence of
symptoms related to cancer or its therapy. In addition, the biologic samples used in all
studies were only from peripheral blood; hence, the interplay of peripheral and central
mechanisms causing the clustering of symptoms can only be hypothesized. Further, most of
the reviewed articles used small sample sizes,21:25.26:31-33 making it challenging to
generalize the findings of this review.

Future investigations should explore the biological basis of clustering of cancer-related
symptoms in larger samples. Use of longitudinal studies will greatly inform and validate the
relationship of symptom clusters with specific biomarkers. The knowledge gained from this
review is critically relevant to nurses and other health care providers. Understanding the
biological mechanisms associated with the clustering of cancer-related symptoms will
inform the future development and testing of targeted therapeutics and personalized
interventions to mitigate cancer-related symptoms and improve the health-related quality of
life of cancer survivors. Optimization of targeted therapeutics will more likely result in
successful symptom management and may improve adherence to treatments.

This review brings to light an interesting question regarding symptom science research. In
this review five studies investigated the associations of pain, depression, and fatigue as a
symptom cluster based on assumptions: 1) pain, depression and fatigue are common cancer-
related symptoms and 2) they commonly occur together.4941 Examining these symptoms as
a cluster decreases spurious statistical associations by accounting for the co-variance of
symptoms. However, at what point is it necessary to examine these symptoms as a cluster
and not as isolated symptoms? When investigating a particular symptom, should other
symptoms be examined to provide perspective, knowing that oftentimes, symptoms cluster
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together? There are many symptoms associated with a single illness or with co-morbid
conditions. Providing perspective of both clinical and biologic features of symptoms is
critical to scientific progression toward alleviating suffering due to symptoms.*2

Conclusion

The current state of our understanding of the pathobiology of clustering of symptoms related
to cancer and cancer therapy is limited. This review provides initial information that
inflammatory and neuroimmune markers are associated with the clustering of common
cancer-related symptoms such as pain, fatigue, and depression. Further investigations are
warranted to identify and validate potential pharmacodynamics targets. This information will
be particularly important to nurses and other health care providers in planning optimal
interventions to manage these symptom clusters.
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2,632 * Remove duplicates (n=24)
articles | o Examined titles and abstracts using inclusion criteria:
- Published between 2005-2015
- Written in English
- Enrolled human subject with cancer diagnosis, >21 years of age
Explored relationship of biomarker and >1 symptom

Articles excluded (n=2435)

197 o Review articles, commentaries, abstracts, dissertations, animal/in-vitro studies
i were removed (n=141)

articles
L 56 o Articles that did not meet inclusion criteria after full text review were
articles removed (n=42)

Figure 1.
Process of selecting articles for inclusion in this review
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Table 1

Summary of Search Terms

Database

Search Strategy

PubMed

(“Biological Markers”[Mesh] OR biomarker*[Text Word] OR “Inflammation”[Mesh] OR inflammatory markers”
[Text Word] OR “Epigenesis, Genetic’[Mesh] OR “Genomics”[Mesh] OR “Metabolomics”’[Mesh] OR “Proteomics”
[Mesh] OR “Mitochondria”’[Mesh] OR “Cytokines”[Mesh] OR “Bacteria”[Mesh] OR “Viruses”’[Mesh]) AND
(“Syndrome”[Mesh] OR “symptom cluster”[Text Word] OR “symptom clusters’[Text Word] OR “symptom complex”
[Text Word] OR “multiple symptoms”[Text Word]). Filters: 10 years, Humans, English, Cancer Subset (subset search
strategy available here: https://www.nIm.nih.gov/bsd/pubmed_subsets/cancer_strategy.html).

Cumulative Index of
Nursing and Allied
Health Literature

(((MH “Biological Factors™) OR (MH “Immunologic and Biologic Factors”) OR (MH “Biological Markers+”) OR
(MH “Inflammation”) OR (MH “Genomics”) OR (MH “Nutrigenomics:) OR (MH “Epigenomics”) OR (MH
“Proteomics”) OR (MH “Mitochondria”) OR (MH “Cytokines+”)) OR biomark* OR inflammation OR genomic* OR
epigenetic* OR proteomic* OR metabolomic* OR mitochondria* OR cytokine*) AND ((MH “Neoplasms+”) OR
cancer OR neoplasm*) AND ((MH “Symptoms”) OR (MH “Syndrome”) OR “symptom cluster*” OR syndrome).
Limiters: Published Date: 20050101-2015-1231; Language: English.

Web of Science

TOPIC: ((biological marker* OR biomarker* OR inflammation OR epigenetic* OR genomic* OR metabolomic* OR
proteomic* OR mitochondria* OR cytokine* OR “inflammatory marker*”)) AND TOPIC: (cancer* OR neoplasm*
OR tumor*) AND TOPIC: (“symptom cluster*” OR syndrome OR “multiple symptoms” OR *“symptom complex”)
AND TOPIC: (human OR participant* OR volunteer* OR patient*) NOT TOPIC: (animal OR mouse OR mice OR rat
OR murine). Refined by PUBLICATION YEARS: (2015 OR 2014 OR 2013 OR 2012 OR 2011 OR 2010 OR 2009
OR 2008 OR 2007 OR 2006 OR 2005) AND LANGUAGE: (ENGLISH) AND WEB OF SCIENCE CATEGORIES:
ONCOLOGY

Cochrane Library

‘biological marker* OR biomarker* OR inflammation OR epigenetic* OR genomic* OR metabolomic* OR
proteomic* OR mitochondria* OR cytokine* OR “inflammatory marker*” and cancer* OR neoplasm* OR tumor*
and “symptom cluster*” OR syndrome OR “multiple symptoms” OR “symptom complex”.
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