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ABSTRACT
EVALUATION OF TIME TO RESPONSE IN SYMPTOM MANAGEMENT
INTERVENTIONS FOR PAIN AND FATIGUE EXPERIENCED BY CANCER
PATIENTS
By

Sangchoon Jeon

This research was performed to understand how physical and
psychological characteristics of cancer patients impact symptom response to
management interventions for pain and fatigue. In addition, this research used an
approach to define clinically meaningful reductions in pain and fatigue and
identified important predictors of symptom response using several survival
analysis approaches.

Six hundred and one cancer patients who were undergoing chemo-
therapy were enrolled in one of two clinical trials (termed A and B) that tested
interventions for managing cancer-related symptoms over an 8 week period. To
define “symptom response” as a clinically meaningful change in symptoms,
severity categories of mild score (<1), moderate score (2-4), and severe score (5-
10) were established based on the reported interference with the patient’s daily
life. Time to response was measured by counting the number of days from onset
of symptoms to a symptom response, defined as a transition from severe to

moderate, severe to mild, or moderate to mild severity.



Several survival analysis methods were implemented to identify important
predictors of symptom response including age, comorbidity, and depression after
adjusting for gender, site of cancer, physical function, and trial type (A or B). The
survival analyses were performed under different assumptions regarding the
proportional hazards assumption and the type of censoring. First, by assuming
proportional hazards, the log-rank, Wilcoxon, and Cox proportional hazard model
were used. Second, several alternative methods were implemented that do not
require the proportional hazards assumption, including the Lin & Wang's test,
Cox model with weighted estimations, and Rahbar's method. The impact of
interval censoring was assessed by generating Accelerated Failure Time (AFT)
models, and finally the effect of the correlation between pain and fatigue were
explored using a marginal Cox regression model.

All final models found a significant comorbidity effect for pain and fatigue.
Low comorbidity was significantly associated with shorter time-to-response for
pain and fatigue in all applied models. There was no significant effect of age after
adjusting for comorbidity in the Cox proportional hazard model or the marginal
Cox regression model. The AFT model found that younger age and less
depressed patients had shorter time-to-response for pain after adjusting for
comorbidity as well as a priori confounders, including gender, site of cancer,
physical function, and trial type (A or B). None of other survival models found
significant association between depression and time-to-response for pain and

fatigue.
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OVERVIEW

Cancer patients may suffer from multiple symptoms that originate from the
disease itself, the side effects of treatment, or comorbid conditions. Successful
symptom management for cancer patients can help maintain therapeutically
effective chemotherapy, physical and social functioning, and reduce emotional
distress of patients (1-5). To maintain effective management of symptoms, it is
important to understand how physical and emotional conditions of cancer
patients are related to improvement of symptoms in response to interventions.
Pain and fatigue are most prevalent and difficult to resolve among cancer
patients. Severe pain and fatigue cause delay or premature termination of
important therapies or treatments, impair physical function, and cause significant
distress (6, 7). This delay or early termination of treatments may directly affect
survival of cancer patients (8).

This study aims to make two contributions to the research program that
evaluates symptom management for cancer patients. First, understanding the
influence of patient socio-demographic, physical, and emotional conditions on
resolution of symptoms will extend our knowledge of symptom management
interventions by identifying which cancer patients will likely benefit more or less
and sooner or later from symptom management. Second, by defining a clinical
meaningful reduction in each symptom through analysis of time to symptom
response, this study will help define a strategy for evaluating the effectiveness of
interventions for symptom management in cancer patients experiencing pain and

fatigue.



This study will address the following specific research questions:

1)

2)

3)

4)

Can clinically meaningful changes in pain and fatigue symptoms
be measured using the four dimensions of interference
(emotions, enjoyment of life, relations with others, and general
daily activities) to define clinically meaningful cut-points that
separate levels of symptom severity (mild, moderate, and
severe)?

Using the clinically meaningful severity cut-points, which factors
are predictors of time-to-response in pain and fatigue among
cancer patients when using survival analysis techniques (the log-
rank test, the Wilcoxon test, and the Cox proportional hazard
model) that require the assumption of proportional hazards?

Do the findings based on survival analysis techniques
appropriate for the proportional hazards assumption, hold when
using alternative survival techniques (the Lin & Wang's test, the
Rahbar’s test, and the Cox model with weighted estimation) that
do not require the proportional hazard assumption?

Do the findings based on survival analysis techniques that are
appropriate for right censoring (the Cox proportional hazard
model and the Cox model with weighted estimation) hold when
using the Accelerated Failure Time model that accounts for

interval censoring?



5) Do the findings from the separate models of pain and fatigue
(the Cox proportional hazard model, the Cox model with
weighted estimation, and the Accelerated Failure Time model)
hold when using the marginal Cox model that accounts for the
correlation between the two symptoms (pain and fatigue)?

Data used in this research are derived from 2 randomized clinical trials of
symptom management. Cancer patients who were undergoing chemotherapy
received symptom management interventions during 6 scheduled intervention
contacts over an 8 week period. Chapter 1 is a comprehensive literature review
that describes what is known about the burden of pain and fatigue among cancer
patients and reviews factors related to severity of these symptoms and their
management. Patient factors include; gender, age, stage of cancer, site of
cancer, the number of comorbid conditions, and depressive symptoms. These
patient factors are important because they may be associated with response of
pain and/or fatigue when interventions are delivered. These factors could
therefore influence the effectiveness of interventions and result in prolonging or
shortening time to response of pain and fatigue.

Chapter 2 describes the methodological issues in assessing symptom
change and addresses the difficulty of measuring a clinically meaningful
symptom change with conventional methods. Supportive evidence for using
interference based cut-points of symptom severity is described. Previous studies
have suggested methods for developing and testing cut-points to establish

symptom severity categories: such as “mild”, “moderate”, and “severe”. Symptom



response to interventions for managing pain and fatigue are defined using
transitions among these categories, and used to measure time to symptom
response.

In Chapter 3, several alternative survival analysis methods are introduced
based on their underlying assumptions. The log-rank (Mantel and Haenszel
1959), Wilcoxon (Breslow 1974), and the Cox proportional hazard model (Cox
1972) are commonly used for survival analysis. When survival functions do not
cross one another the hazard functions are proportional, and these methods are
valid. To address how to evaluate time to response of pain and fatigue when the
proportional hazard assumption is not satisfied in survival analysis, we applied 3
different approaches a nonparametric test for equality of survival function (Lin &
Wang 2004), the Cox model with weighted estimation (Schemper 1992), and a
nonparametric test for equality of survival mean (Rahbar 2007). To answer if the
findings from these survival analysis methods that account for right censoring
can be confirmed using a survival analysis method with interval censoring, the
Accelerated Failure Time (AFT) model is tested. To answer if the identified
factors still have impact on time to response of both pain and fatigue after
accounting for the correlation between two symptoms within a patient, the
marginal Cox model (Wei 1989) was used.

Chapter 4 describes the data and the methods used for the analyses in
this study. Data from 601 cancer patients were collected from the two
intervention trials for symptom management (the Family Home Care for Cancer

project (Trial A) and the Automated Telephone Monitoring for Symptom



Management project (Trail B)). Patients rated their symptoms and multiple
interference items on a 0 to 10 scale at 6 scheduled contacts. They received
symptom management intervention when their symptom severity was rated at a 4
or higher. The optimal cut-points of severity were developed based on the sum of
four interference items' at the first intervention contact. Severity categories? from
the identified cut-points were examined to see if they consistently differentiated
across the sum of the four interference items. Once longitudinal differentiation
was confirmed, time to symptom response® was used as a measure of
meaningful symptom change in response to interventions. The number of days
from onset contact* to response contact was recorded as time to response, and
time from onset to last contact without a response was considered the censoring
time. To identify important covariates associated with time to response for pain
and fatigue, several survival analysis methods introduced in Chapter 3 were
employed and their underlying assumptions explicated.

In Chapter 5, results including the development of cut-points and
assessing time to response are described. Based on the identified cut-points,
three severity categories were defined: “mild” (sore of 1), “moderate” (score of 2
through 4), and “severe” (score of 5 or greater). These categories significantly
differentiated the summed interference scores at each of the contacts.

Comorbidity was consistently identified as an important independent covariate

! The 4 interference items include emotions, enjoyment of life, relations with others, and general
daily activities.

2 Severity categories include mild, moderate, and severe level of severity.

3 Symptom response includes transition from severe to moderate, severe to mild, and moderate
to mild categories of symptom severity.

4 Onset contact is an intervention contact when patient initially reported a severity of 4 or higher
for pain and fatigue.



associated with time to response for pain and fatigue by the different survival
analysis methods used. Patients who had less than 3 comorbid conditions had
shorter time to response for pain and fatigue compared to those who had less
than 3 comorbid conditions. The effects of age and depressive symptom were
not significant in three multivariable models (the Cox proportional hazard model,
the accelerated failure time model, and the marginal Cox model).

In Chapter 6, the following points are summarized: 1) potential biases
associated with combining data sets from two trials 2) evaluation of clinically
meaningful changes in the severity of each symptom, 3) use of survival analysis
to assess time-to-response among symptoms and conclude with an assessment
of the conditions under which each survival technique would be appropriate for
use.

This study demonstrates how to assess symptom changes in response to
intervention in terms of measurement and analysis of symptom data leading to
defining conditions under which time-to-response can be assessed and
alternative approaches for evaluating time-to-response given different
distributional properties of the responses. The developed measure of symptom
response was reviewed as an evaluative measure based on a guideline for
measure in clinical medicine (134). Using different survival analysis methods
provided consistent statistical evidence for the effect of comorbidity on time-to-
response for pain and fatigue. Comorbid conditions are considerable

impediments to reducing pain and fatigue severity through interventions.



CHAPTER 1 BACKGROUND OF CANCER-RELATED PAIN AND FATIGUE

In this chapter, Section 1.1 will describe briefly the experience of pain and
fatigue among cancer patients and its impact on the quality of patient’s daily lives.
The association between cancer-related pain and fatigue during treatments will
also be discussed in this section. In Section 1.2, | will review potential factors
associated with pain and fatigue among cancer patients, in order to evaluate if
these factors are also related to the reduction of pain and fatigue in response to
symptom management.

A literature review was conducted to investigate the burden of pain and
fatigue among cancer patients and the characteristics associated with severity of
pain and fatigue. Relevant literature was found in the MEDLINE database using
the National of Library of Medicine PubMed with the following keywords;
“cancer,” “pain,” “fatigue,” and "chemotherapy.” Combinations of each keyword
were also used. The review articles were selected by reviewing abstracts; articles

were restricted to the English language and published between 1960 and 2008.

1.1 Burden of Pain and Fatigue among Cancer Patients

This section is an overview of pain and fatigue in terms of the definitions,
prevalence, pathologies, correlation with one another and associations with other
cancer related symptoms. Prevalence describes how commonly cancer patients
suffer from pain and fatigue at any given point in time; and is the preferred term

to describe burden. Incidence measures the burden of symptoms over a specific



time window, however, only prevalence data are presented in the reviewed

studies.

1.1.1 Cancer-Related Pain

The pain from treatment is greatly short term and its severity varies
relative to the disease itself. According to a practical guideline from the National
Comprehensive Cancer Network (NCCN) (9), pain can be classified into
nociceptive and neuropathic pain according to the predominant mechanisms of
pain pathophysiology. Nociceptive pain, which results from “injury to somatic and
visceral structures and from activating nociceptors,” is described as sharp, well
localized, throbbing, and pressure-like. This type of pain usually occurs after
surgical procedures or from bone metastasis. Neuropathic pain, which results
from “injury to the peripheral or central nervous system,” is described as burning,
sharp, or shooting. It often occurs as an adverse effect of chemotherapy or
radiation therapy (9).

Pain is one of most prevalent symptoms among cancer patients, being
reported between 36% and 75% of patients. Patients with advanced cancer
experience more severe pain (10). In a meta-analysis of fifty-two studies (11),
Everdingen and colleagues estimated the pooled prevalence of pain among
cancer patients for four different subgroups; patients after curative treatment
(33%, 95% confidence interval (Cl): 21% to 46%), patients under anticancer
treatment (59%, 95% Cl: 44% to 73%), patients with advanced/metastatic/

terminal disease (64%, 95%CI: 58% to 69%), and patients at all disease stages



(53%, 95% CIl: 43% to 63%). In a 1991 study of a large population of cancer
patients from seven hospices in Europe, the United States, and Australia, the
prevalence of pain was 60% in breast cancer, 52% in lung cancer, 64% in
colorectal cancer, and approximately 80% in gynecological cancers (12).
According to one cancer pain study (13), 70% of cancer patients with advanced
neoplasm reported pain, while 50% of patients at all stages of cancer reported
pain. Pain is defined as “a sensory and emotional experience associated with
actual or potential tissue damage or described in terms of such damage.” (14)
Cancer-related pain can occur due to the disease or the treatment. When tumor
cells stimulate nerves or cause organ dysfunction patients feel severe pain that
can be relieved by removing the tumor cells. Also, cancer patients often suffer
from pain as a result of surgery, radiation, or chemotherapy.

The National Cancer Institute (NCI) recommends that the management of
pain should be flexible and individualized according to the stage of the disease,
personal preferences, and responses to pain interventions. Patient self-report is
the standard assessment method for pain. Severity of pain is usually rated using
a 0 to 10 point scale; but a categorical or pictorial scale, that uses pictures of
faces for rating pain, is also available (9). Cancer-related pain is managed by
providing psychological supports, specific educational materials, as well as pain-
relieving drugs, such as nonsteroidal anti-inflammatory drugs (NSAIDs), opioids,
and combination of analgesics. The NCCN practice guidelines suggest that
management should be distinguished by three categories (mild, moderate, and

severe) of pain intensity (9). It has been shown that cancer related pain has a



significant association with depression and anxiety. However, the causality
among these symptoms has been debated. Cancer patients with pain reported
severe depression, anxiety, and/or other psychosomatic symptoms in several
studies (15-17). Chronic pain has been considered an important factor leading to
severe depression in cancer patients (18, 19). Depression and/or anxiety from
concern about the disease may worsen pain, and cancer patients with serious

depression and/or anxiety tend to report more pain (15).

1.1.2 Cancer-Related Fatigue

The National Comprehensive Cancer Network (NCCN) describes cancer-
related fatigue as “a persistent, subjective, sense of tiredness related to cancer
or cancer treatment that interferes with usual functioning.” Although cancer-
related fatigue has been reported as the most important symptom that impairs a
patient's quality of life and daily activities, it has received less attention in
management compared with other symptoms such as pain, nausea, or vomiting
(20). Fatigue is the most prevalent symptom among cancer patients - a recent
report from the NCCN highlights that 7Q% to 100% of cancer patients experience
fatigue (21). Most cancer patients suffer from fatigue while receiving cytotoxic
chemotherapy, radiation therapy, bone marrow transplantation, or treatment with
biological response modifiers® (22). Cancer patients experience fatigue resulting
from the disease itself, cancer treatment, psychosocial burdens, and comorbid

conditions: this fatigue worsens during the course of chemotherapy and persists

% Biological response modifier is a type of cancer treatments that enhances body's immune
system.
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for months after completing treatment (23). In a study conducted by Greene et al,
82% of breast cancer patients reported fatigue after the first course of
chemotherapy (24). Among cancer patients receiving a course of chemotherapy
and radiotherapy, 61% reported clinical fatigue (25). In other studies, 89% and
90% of cancer patients reported some degree of fatigue during their
chemotherapy (26, 27).

Cancer-related fatigue is that most people generally suffer from in normal
life, and it is not relieved by rest or sleep (28). Like pain, fatigue is also subjective
and patient self-reports is the standard method for assessment. Additionally, the
medical history, physical examination, laboratory data, and description of patient
behavior by family members are all important sources of information to gauge the
burden of fatigue, especially for children (22). The NCCN practice guideline
recommends that fatigue be managed by an interdisciplinary institutional
committee, comprised of representatives from medicine, nursing, social work,
physical therapy, and nutrition (22).

Despite the high prevalence of fatigue among cancer patients, the
biochemical, physiological, and behavioral mechanisms of this complex symptom
are poorly understood, making it difficult to identify factors that are associated
with fatigue. However, several risk factors associated with cancer-related fatigue
have been proposed. Hwang and colleagues proposed a multidimensional
conceptual model with situational, biological, physiological, and psychological
dimensions that predict cancer-related fatigue (29). The situational dimension

represents demographic information including age, gender, stage of cancer,

11



active cancer treatment, and caregiver status. The biological dimension can be
described by serum chemistry profiles. There is evidence that anemia, which is a
common side effect of chemotherapy or radiation therapy in cancer patients, is a
major factor causing fatigue (30, 31). The impact of anemia on fatigue may be
different depending on onset time, patient age, and comorbidity. Psychological
factors, such as depression and anxiety, may contribute to the development of
chronic fatigue before and after chemotherapy among patients with solid tumors
(32). Distress after a diagnosis of cancer can be caused by the initial fatigue,
and other side effects of upset, like insomnia which may also increase in patients
undergoing chemotherapy. In a study of cancer patients with a history of
chemotherapy, fatigue lasted the longest relative to other side effects and had

the greatest impact on activities of daily living (5).

1.1.3 Correlations between Pain and Fatigue

Most cancer patients suffer from a number of symptoms which may impair
function, therefore it is important to evaluate the impact of multiple symptoms on
patient outcomes (33). Pain and fatigue are often observed along with other
common symptoms, such as insomnia and depression in cancer patients (34-40).
It has been observed that pain, fatigue, sleep disturbance, emotional distress,
and poor appetite generally occur together (38). Significant negative effects of
the symptom cluster of pain, fatigue and insomnia on physical function was found
to be independent of the type of cancer, treatment, stage of cancer, or comorbid

conditions (39, 40). Dodd et al. defined a “symptom cluster,” as a group of

12



symptoms that are related to each other. They proposed four groups in cancer
patients based on severity of pain and fatigue (i.e. group 1: high fatigue and low
pain, group 2: low pain and low fatigue, group 3: low fatigue and high pain, group
4: high pain and high fatigue) (33).

Many studies have shown that pain and fatigue are significantly
associated with other common symptoms, treatments, and other factors. For
example, in a study with breast cancer patients, pain and fatigue are related to
one another and their presence is associated with depression, insomnia, and
menopausal symptoms such as hot flashes and night sweats (41). Kaasa et al.
found, based on five studies, that pain and fatigue are more common in the more
severity affected populations (i.e. palliative care and those with bone metastasis)
(42). While chemotherapy alone or in combination with radiation has a significant
impact on the level of fatigue, pain is more closely related to the timing of
treatment or to the advanced nature of the disease (43). However, the
assessment of cancer-related symptoms remains complex due to the multiple
symptoms, the multiple etiologies, varying severity, duration, and, co-occurrence

of symptoms.

1.1.4 Impact of Pain and Fatigue on Function and Quality of Life

Patients who are diagnosed with solid tumors and are undergoing
chemotherapy treatment experience multiple symptoms which are a serious
burden for patients as well as for their oncologists and primary care providers (1).

These symptoms negatively impact dimensions of the quality of life, such as

13



physical functioning and depression, and are related to increased morbidity and
health care costs (5, 44-46). It has been reported that the cancer-related
symptoms have a positive association with negative emotions (47). Gift et al. (48)
and Cooley (49) found that fatigue and pain are the most distressing symptoms
for lung cancer patients. Pain, fatigue, and depression are recognized as
prominent contributors in the suffering experienced by many cancer patients; and
clinical studies have increasingly focused on obtaining a better understanding of

these symptoms, as well as the development of new, more effective treatments.

1.2 Factors Related to Severity of Pain and Fatigue

Effective symptom management is defined as clinical interventions
designed to reduce symptoms through a combination of drugs and other clinical
treatments. Effective symptom management over time is a key to maintaining
therapeutically effective dosing of chemotherapy agents, physical and social
functioning, and to reducing the emotional distress in patients. To increase the
effectiveness of symptom management, it may be important to identify the health
conditions or patient characteristics which impact the management of symptoms.
Identifying factors that predict change in these symptoms may also contribute to
the design of effective symptom management studies. By evaluating the effects
of interventions designed to manage pain and fatigue, we will be better able to
identify those that actually help to resolve or to relieve these symptoms. Because

pain and fatigue are key symptoms that may indicate the presence of other
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symptoms (33), the factors associated with the reduction of pain and fatigue may
be important in predicting change in the overall symptom burden during the
period of active symptom management. In this section, potential factors that
influence reduction of pain and fatigue in response to symptom management will

be reviewed.

Gender and Age It is often recommended that the gender and age of
patients should be considered in symptom management (50-53). Since socio-
demographic factors are often associated with disease or other health outcomes,
it may be difficult to interpret their role in symptom response.

It has been argued that female patients report pain and fatigue differently
than male patients. In a recent study, younger patients and female patients had
significantly higher fatigue levels (54). They suspected that higher severity in
younger patients was due to underreporting by patients who were over 80 years
of age. Sechzer and colleagues addressed inappropriate and questionable
generalization of findings in cancer research due to sampling bias toward male
patients. In response, Miaskowski suggested that this bias exists in symptom
management research, and she reviewed articles related to difference in pain
and fatigue according to gender among cancer patients (50). In her review of two
published studies (44, 51) and her own unpublished studies (50), no gender
difference was observed in the prevalence and severity of pain. Research
performed by Cleeland and colleagues (44) found that female patients were more

likely to be untreated for their cancer-related pain compared to male patients. In
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reviews of gender differences in cancer-related fatigue, three studies that
evaluated outpatients who were undergoing chemotherapy or radiation therapy
(54-56) found that female patients reported higher severity and prevalence of
fatigue. However, these gender differences in severity and prevalence could be
explained by other factors associated with gender, such as site of cancer, and
communication with caregiver. In previous research with 110 cancer patients
receiving a 10 contact cognitive behavioral intervention (57), male patients were
more likely to report necessary more time to resolve their fatigue compared with
female patients in unadjusted analyses. However, resolution for gender was not
significantly associated with time to resolve pain and fatigue after adjusting for
site of cancer. More lung cancer in male patients may be responsible for poor
results concerning fatigue.

Age is another factor potentially associated with pain in terms of its
prevalence, severity, and duration. It has been observed that elderly patients are
more likely to have high risk of comorbid conditions and late stage cancer (53, 58,
59). Elderly patients tend to attribute their pain as a normal part of aging and
avoid reporting pain in order not to disrupt their cancer treatment (60). If elder
patients rate the severity of their pain less than they actually feel, their pain might
not be sufficiently managed by nurses or care providers. Because anxiety is
recognized as a risk factor of fatigue (32), the association between age and
anxiety is an important to account for fact, when evaluating the response of
fatigue in different age groups. In a longitudinal study conducted with hospitalized

cancer patients in Tokyo, younger patients were more distressed and reported

16



more anxiety than elderly patients (61). It is possible that relatively severe anxiety
in younger patients decreases the effectiveness of fatigue management among
younger patients. Also based on these findings, elderly patients were probably
less likely to have intervention for pain and fatigue because they under-reported

their symptoms and have higher comorbid conditions.

Cancer Site and Stage Since pain and fatigue can result from treatment
of the disease, site and stage of cancer are important clinical factors likely to be
associated with response to these symptoms. Site and stage of cancer may also
influence the clinical strategy both for treating disease and managing symptoms.
Paters and colleagues observed that patients with ovarian and lung cancer
experience greater fatigue compared to those with breast and other cancers (54).
In a longitudinal study of elderly cancer patients aged 65 or older (43), patients
with lung cancer were significantly more likely to have pain and fatigue compared
with those with breast cancer. Since the site of cancer is usually associated with
several factors, including gender, age, and stage of cancer, it may be difficult to
separate the effect of cancer site on the response time of fatigue from these
other factors.

Significantly longer time in pain resolution was observed in patients with
late stage of cancer compared with those with early stage of cancer (57).
Advanced stages of cancers were more likely to be related to the occurrence of
pain in two studies; but a significant association between the stage of cancer and

the prevalence of fatigue was not observed (43, 62). In a survey of cancer-
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related pain with the Brief Pain Inventory (BPI), 86% of patients with advanced
cancer believed that their pain was caused by cancer itself (63). When patients
believe their pain is caused by cancer, there is greater interference with their

daily activities (10).

Burden of Comorbidity and Other Symptoms Comorbidity is usually
measured by counting the number of different chronic conditions. Comorbid
conditions are related to older age and chronic fatigue (64). It was found that
both age and comorbidity strongly influence patient clinical decision-making (52,
65, 66); older patients with severe comorbid conditions are less likely to have
intensive cancer treatments (563). According to the NCCN practice guideline;
patient comorbidities are known to be associated with fatigue and they
recommend more attention should be paid to chronic conditions in conjunction
with the treatment of cancer-related fatigue (21). In a cohort study among cancer
patients who were older than 64 years of age, high comorbidity, late stage of
cancer, and lung cancer were associated with high risk of pain and fatigue (43).

It is observed consistently that high comorbidity is significantly associated
with high prevalence and longer time to resolve fatigue among cancer patients
undergoing chemotherapy (57). Based on these findings, more comorbid
conditions result in more severe fatigue and may impede treatment of symptoms.
That is, comorbidity is a risk factor for severe fatigue, as well as a modifier of the

effect for symptom management.
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Since cancer patients usually experience multiple symptoms after
beginning chemotherapy, more symptoms could impede the effect of any single
intervention. Multiple severe symptoms can also produce adverse psychological
outcomes, including anxiety and depression which influence adherence to
treatment (67-69). Co-occurrence of multiple severe symptoms may result in
patients receiving a number of interventions not only for pain and fatigue, but
also for other symptoms. For cancer patients who have poor health-related
outcomes, a large number of interventions may reduce the effect on each of the

symptoms.

Depressive Symptoms A strong interrelationship among pain, fatigue,
and depression has been found (69-73). In a meta-analysis, DiMatteo and
colleagues found that depressive patients are less likely to comply with medical
treatment recommendations (67). They propose several explanations for the
effect of depression on treatment. First, depression often causes a high level of
hopelessness that treatment is not worthwhile. Second, depression may result in
social isolation from individuals who could provide emotional support or
assistance; and third, impairment of cognitive function could impair memory
which can lead to less compliance among depressed patients.

In general, a measure of fatigue in cancer patients correlates positively
with a measure of depression (74). However, Visser and colleagues suggest that
there is no evidence of a causal relationship between fatigue and depression and

that the same underlying pathology may be responsible for co-occurrence of
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these two symptom (71). They observed the consistent correlation between
fatigue measured by the Multidimensional Fatigue Inventory (MFI-20) and the
mood component of the Center for Epidemiologic Studies of the Depression
Scale (CES-D) at the start of treatment, 2 weeks after completion of radiotherapy,
and 9 months later. Therefore, depressive symptoms represented by the CES-D

may be a good predictor of change of fatigue during the intervention period.
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CHAPTER 2 BACKGROUNDS FOR MEASURING SYMPTOM RESPONSE

To examine if the factors described in Chapter 1 have an impact on
symptom response to treatment, it is important to define the change in pain and
fatigue that represents “clinically meaningful change.” The conventional
conceptualization and operationalization of symptom responses have been
conducted in an unsatisfactory manner. The question is, how can optimal cut-
points for severity be determined based upon different magnitudes of
interference with patient's daily life. Also, there is the question of whether the
established cut-points can reliably and consistently differentiate interference
scores over time.

Section 2.1 describes the important measurement issues in assessing
pain and fatigue for cancer patients and addresses the difficulty of measuring
clinically meaningful change in symptoms with conventional methods. Section 2.2
describes evidence to support the use of interference based cut-points linking
differences in severity scores to levels of interference. The previously suggested
methods for developing and testing cut-points to establish categories of symptom
severity are also described in Section 2.2. A newly proposed method reduces the
conventional ordinal symptom scale of 0 to 10 into a more clinically practical
classification of three categories: “mild,” moderate,” and “severe.” In Section 2.3
Response to interventions will be defined using transitions among these

categories.
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2.1 Conventional Measurement: Problems and Suggestions

By definition, symptoms are derived from the patient's perspectives (38).
Patients are often asked to rate the severity of a symptom on a numerical scale.
Since the American Pain Society used the 11-point scale (from 0=not present to
10=worst possible) for measuring pain (75), it has been extended to measure the
severity of other cancer-related symptoms by the NCCN (21). The Brief Pain
Inventory (BPI) (76) and Brief Fatigue Inventory (BFI) (4) are widely used
instruments that assess sensory (severity) and reactive (interference) dimensions
of pain and fatigue, respectively. These instruments define four aspects of
severity (worst, least, average, and pain/fatigue right now) along with how greatly
pain or fatigue interferes with general activities, mood, walking, normal work,
relations with others, enjoyment of life, and sleep (Appendix A).

Once the numerical scales are established, the next step is taken to
measure the changes in pain and fatigue. The ultimate purpose in measuring the
severity of symptoms is to evaluate the relationship between the reduction of
symptoms and the degree to which that has an impact on the patient's quality of
life. More specifically, both practitioners and researchers are interested in the
question of how the interventions prescribed by care providers ameliorate
symptoms, and contribute to maintaining and improving patient's quality of life.
For that purpose, it is necessary to have a valid and reliable method of

measuring and interpreting changes in symptoms.
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Clinically important changes in the severity of symptoms have been
evaluated in several ways based on either relative difference or absolute
differences (i.e. percent reduction in severity). For instance, Farrar et al. (77)
proposed that an relative improvement of more than 30% on the pain intensity
scale is a clinically important change among cancer patients. They observed pain
intensity for patients who completed clinical trials of pregabalin®. The patients
rated their pain on a 0 to 10 point scale at baseline and at the end of the clinical
trial. After completing the clinical trial they also evaluated changes in pain
intensity on a seven-point scale, includes “Very Much Improved®, “Much
Improved”, “Minimally Improved”, “No Change”, “Minimally Worse”, “Much
Worse”, and “Very Much Worse.” Patients who had more than 30% reduction of
pain intensity also evaluated their change in symptoms as “Very Much Improved”
or “Much Improved.” In other studies, a absolute reduction of approximately two
points on a scale of 0 to 10 for pain intensity represented a clinically important
difference (“Very Much Improved” and “Much Improved” ) (78). Cepeda et al. (79)
performed a study with postsurgical patients to assess meaningful reduction of
pain intensity. Patients rated pain intensity on a 0 to 10 point scale and 4-Likert
scale (None, Mild, Moderate, and Severe) at baseline and every 10 minutes
during administration of analgesic. They also reported the degree improvement in
pain on a 5-point Likert scale. For patients with moderate pain, 35% and 45%
reduction of pain intensity represented “Much Improved” and “Very Much

Improved,” respectively. These ordinal scales are relatively easy to be interpreted

& Pregabalin is an anticonvulsant drug for neuropathic pain
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by clinicians compared with a 0 to 10 scale. Therefore, in this study, | assessed
cut-points to categorize the severity of symptoms measured on a 0 to 10 scale.

However, the use of the 0 to 10 scale may be not sufficient to evaluate the
impact of pain and fatigue on interferences. For example, Serlin (80) found that
the absolute difference in the numerical rating on severity may not always bring
about equal levels of differences in distress or functional impairments. Put
differently, 20% reduction of severity of pain on a scale of 0 to 10 may not always
represent the same percent of improvement in physical function or a reduction of
interference scores. Although the validity and reliability of using a scale of 0 to 10
for measuring symptoms has been confirmed to some degree (81), one serious
problem has yet to be addressed: patients tend to interpret differently the lower,
middle, and higher sections of an 11 point scale (80, 82). For example, from a
clinical perspective, the same thirty percent reduction, for instance, 9 to 6 and 3
to 2, may not be equivalent and thus should not be interpreted to have the same
meaning.

In response, another approach has been developed to represent a
clinically meaningful reduction by using a 3 level categorization scheme: mild,
moderate, and severe levels of symptoms. Serlin et al. (80) proposed a threefold
classification (mild, moderate, and severe) to describe pain severity, based on a
set of interference items. They identified several advantages of the threefold
categorization. First, patients are likely to use the lower, middle, and higher
sections of the 0 to 10 point scale differently. Second, the threefold classification

would be more useful to both clinicians and investigators than a finer
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classification with more than three categories. That is, it could facilitate efficient
communication between a patient and clinician. For instance, mild pain would not
seriously distract patients. Moderate pain could be considered the level of pain
that is hard to be ignored by patients. When patients feel their pain needs clinical
attention, pain could be consider being severe. Third, it could reflect the fact that
a non-linear relationship between severity and interference is better captured
with a threefold classification. The non-linear association between severity of
pain and fatigue and interference has been demonstrated (34, 76, 83-85). In
some cancer pain and fatigue studies, the increased rates of interference were
not equal across the 0 to 10 severity scale and relatively small increases were
observed at two points of severity (4, 80). Therefore, the three levels of pain
severity would be more informative than the finer quantitative gradation such as
the 0 to 10 scale. Also the threefold classification has been often used for
assessments of cancer-related pain by the National Comprehensive Cancer
Network (NCCN), and the Agency for Health Care Policy and Research (AHCPR)
(9, 21, 86). These findings are extended to assess the effect of intervention on
fatigue in this study. Significant changes in relationship between interference and
severity of fatigue were observed for the two cut-points that define the threefold

classification (4).

2.2 Developing Cut-points and Testing Longitudinal Consistency of Cut-

points
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Patients can express the intensity of their pain. The difficulty is that
intensity is an abstract concept that is likely to differ by patient. Cleeland et. al.
found that the variance of patient self-report can be effectively captured by two
dimensions (“sensory” and “reactive”) in pain intensity (76). The sensory
dimension refers to the severity of pain, while the reactive dimension refers to the
interference with the patient's function and quality of life caused by pain.
Cleeland defines (87) the measure of symptom burden as “a summative indicator
of the severity of the symptoms that are most associated with a disease or
treatment, and a summary of the patient's perception of the impact of these
symptoms on daily living.” He suggests that both symptom severity (sensory) and
symptom interferences (reactive) constitute symptom burden. A variety of
instruments are designed to assess both the severity of symptoms and their
interference with daily life (4, 74, 88, 89).

Serlin suggests that severity is a primary factor in assessing a symptom,
because it is more crucial to providing successful clinical management (80).
Interference with daily life also is an important factor in understanding how much
patients suffer from a symptom, because serious interference contributes to high
distress in cancer patients (90). Although high correlations between severity and
interference have been observed in several studies (4, 80, 85, 91), severity on 0
to 10 point scale does not always lead to greater interference. For example,
patients who report a severity of 3 may not experience more interference

compared with those who report a severity of 2 or 1. Therefore, categorization of
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severity based on interference would be a more informative measure since it
describes both symptom severity (sensory) and interference of daily life (reactive).

Anchoring individual patient reports of pain and fatigue severity to
differences in interference using cut-points of mild, moderate, and severe
categories has been shown to be appropriating for both research and clinical
practice (4, 80, 92-94). It is suggested that these established categories, based
on interference scores, provide more stable and more meaningful clinical
interpretation in measuring the impact of behavioral interventions for
management of pain and fatigue than simply calculating the percent of change
using the conventional O to 10 scales (77, 78, 95).

There is no agreed-upon definition of the optimal cut-points that separates
mild from moderate and moderate from severe pain or fatigue. Rather, different
researchers define different cut-points. For instance, Serlin et al. (80) performed
an analysis of variance (ANOVA) to find the optimal cut-points of symptom
severity based on interferences in daily life. They defined the following range of
each category using a 1 to 10 scale: 1—4 for mild pain, 56 for moderate pain,
and 7-10 for severe pain. The other two studies found the cut-points of severity
based on seven (general activity, mood, walking ability, sleep, enjoyment of life,
normal work, and relations with others) and six interference items (general
activity, mood, walking ability, normal work, relations with others, and enjoyment
of life) using multivariate analysis of variance (MANOVA). In a study with
oncology outpatients (Breast (52%), Prostate (11%), Lung (11%), and Other

(26%)) who experienced pain from bone metastasis, Paul et al. (92) reported that
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5 and 8 were optimal cut-points for moderate and severe pain, respectively. In
the other study with oncology inpatients (Leukemia (33%), Lymphoma (43%),
Breast (10%), Gastrointestinal (6%), Gynecologic (2%), Genitourinary (1%), and
other (5%)) who experienced fatigue, Mendoza et al. (4) suggested that the cut-
points for severity of fatigue, based on six interference items in the BFI, are 1-3
for mild fatigue, 4—6 for moderate fatigue, and 7-10 for severe fatigue in cancer
patients. These studies had fairly consistent cut-points (4 or 5 for moderate, and
7 or 8 for severe) using the ANOVA or MANOVA. However, it is a question that
the used interference scores had a normal distribution. If they did not have
normal distribution, the result form ANOVA and MANOVA may not be valid.

Our research seeks to determine if, while receiving help with managing
their pain and fatigue over time, patients continue to differentiate among levels of
interference according to whether their symptom is categorized as mild,
moderate, or severe. Patient can report their symptom differently by different
measurements. It is known as shift in response which is a major threat to this
argument. As patients implement strategies that lower the severity of pain or
fatigue, they may “recalibrate” their definitions of severity, interference, or both.
For example, patients may report declines in severity but continue to associate
these new levels of severity with the same or increased interference.
Retrospective assessments are likely to be adjusted by current patient
perceptions. In this research patient responses to interventions are followed,
compared with their reports of interference at each subsequent observation at

which symptoms are rated as severe, moderate or mild. |, then, determine if
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interference scores consistently differentiate between severe and moderate and
moderate and mild levels of severity of pain and fatigue. If the integrity of the
interference-based severity cut-points are preserved over time, then they can be

used to measure patient’s responses to these intervention strategies (96).

2.3 Defining Response of Pain and Fatigue

This study aims to identify factors, associated with reduction of pain and
fatigue, in response to symptom-management interventions. In order to pursue
this aim, it is important to define “response of symptom” as a meaningful
reduction of symptom, using a reliable measurement of levels of intensity in
symptoms. That is, a symptom response during the intervention would represent
how successfully pain and fatigue were reduced by treatment. The symptom
response can be effectively reflected by a dichotomous variable: “response” or
“‘non-response”. After the threefold categories of mild, moderate, and severe
were developed to represent levels of severity in symptoms, their longitudinal
consistency in differentiating interference scores were examined. If established
severity categories differentiate the interference consistently over time, then the
meaningful symptom reduction can be captured by transitioning from moderate
or severe to a lower category level.

The underlying hypothesis therefore is that when pain and fatigue move
from a higher category of severity to a lower category (e.g. Severe to moderate

or mild, moderate to mild) they will exhibit substantial reductions in interference
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scores. | believe that this would represent a clinically important improvement that
oncologists would view as being meaningful. Reduction from moderate to mild
may be less clinically important however. For instance, reduction in fatigue from
3 (moderate) to 1 (mild) may not be considered important by oncologists since
moderate fatigue would not be considered serious enough to alter the treatment
dosing or schedule. However, from a quality of life perspective, a reduction of 3
to 1 in the severity of fatigue corresponds to a decrease in the limitations of daily
activities caused by fatigue and results in substantial improvement in physical
function (21). Therefore, these three shifts (‘severe to moderate’, ‘severe to mild’,
and ‘moderate to mild’) can be interpreted as clinically meaningful reductions in
pain and fatigue, and will be called “symptom response” in this study. Non-
response includes no shift (‘moderate to moderate’ and ‘severe to severe’) and

transition from moderate to severe.
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CHAPTER 3 SURVIVAL ANALYSIS FOR TIME TO SYMPTOM RESPONSE

Having defined and addressed the relevant measurement issues in
Chapter 2, this chapter discusses statistical and technical issues regarding the
use of survival analyses for analyzing time-to-response for pain and fatigue. To
obtain valid results for testing time-to-response of pain and fatigue, it is important
to understand the basic concepts of time-to-event (response) data and the
underlying assumptions for survival analysis methods. In this chapter, | highlight
the analytical problems associated with assessment of time-to-response of pain
and fatigue. These problems include; 1) the proportional hazard assumption, 2)
interval censoring, and 3) not accounting for the existence of correlations
between two symptom outcomes.

Section 3.1 describes the basic concepts and terminology needed in time-
to-event (response) data including censoring, survival function, and hazard rate.
Commonly used survival analysié methods including the log-rank, Wilcoxon, and
Cox proportional hazard methods are introduced and their underlying
assumptions are discussed in section 3.2. When the underlying assumptions of
these methods are not met, then, section 3.3 introduces three alternative
methods including a nonparametric test for survival functions, a modified Cox
model for a non-proportional hazard model, and a survival analysis method
based on mean time-to-response. Section 3.4 introduces survival models for
using interval censored data. Finally, a marginal Cox model accounting for

correlation between pain and fatigue will be introduced in Section 3.5.
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3.1 Survival Analysis for Assessing Time to Symptom Response

The concepts of censored data, survival functions, and hazard rates will

be described in this section.

3.1.1 Censoring

The dichotomized outcome “symptom response” can be defined as the
symptom reduction below a pre-specified level over a defined follow-up period,
when exposed to an intervention. Cancer patients who participated in the trials
analyzed in this thesis had their symptoms monitored and received intervention
strategies at 6 contact periods (Case A in Figure 1). However, individual patients
had different time periods over which their pain or fatigue was monitored. These
different monitoring time intervals could have occurred due to the following two
reasons. First, a patient did not complete the scheduled contacts due to lost to
follow-up (for any number of reasons including death, becoming too sick, being
busy, and not being interested) as shown by Case B in Figure 1. Second, the
onset of symptoms was different for each patient. For example, patients could
report their first pain 4 weeks after starting the 8 week study, as shown by Case
C in Figure 1. This patient who reported pain at 4 week could be monitored only
for 4 additional weeks. In contrast, a patient experiencing pain at the first
intervention contact could be monitored for the full 8 weeks.

For these reasons, symptom response is not observed or the exact time-

to-response is not known for some individuals. These types of data, including in-
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completed observations, are called censored data and there are three possible
censoring schemes,; right-censoring, interval-censoring, and left-censoring.

Right-censoring is the most common censoring type. Due to loss to follow-
up or death, monitoring of symptoms is often terminated before patients
experience symptom response. The term of “right-censoring” implies that
symptom response occurs some time after the termination of monitoring patients
or the lost to follow-up. Additionally, even if patients complete the follow-up, there
are some patients who do not experience a response to a symptom until the end
of the study. Any termination of monitoring a symptom before a response occurs
is called right-censoring. Time from onset to termination of monitoring a symptom
or lost to follow-up is becomes the right-censored time for symptom response.
Therefore, right-censored time is always shorter than actual time to response.

Interval-censoring is another form of censoring. This term reflects that
symptom response occurs between two monitoring times but the exact time is
unknown. If a symptom is monitored once every week, actual symptom response
may occur within the interval between the two contacts. Since the exact time to
symptom response is unobservable in this situation, it can be represented by an
interval of time. For interval-censored time, actual time to response is between
the two interval-censored times.

The third type of censoring is left-censoring, which is encountered when
symptom response already occurred before monitoring symptom starts. If actual

symptom response occurs before the first monitoring contact the time from onset
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to the first monitoring symptom is left-censored time. The left-censoring was not
observed in the data analyzed in this thesis.

With right-censored data, several survival analysis methods have been
developed to estimate survival curves or assess the importance of covariates.
However, few survival analysis methods and software packages are available for

interval-censored and left-censored data.

Figure 1 Monitoring symptoms during intervention period
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