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Structured Abstract
Objectives—To evaluate the relationship of age with symptoms and interference with daily
function and QOL during RT.

Design—A prospective observational study.

Setting—A university-based radiation oncology department.

Participants—903 cancer patients who received radiation therapy (RT). The mean age was 61
yrs (18-92) and 41% were ≥ 65 yrs.

Measurements—A symptom inventory was administered pre- and post-RT. Patients rated 10
symptoms and their interference with daily function and QOL on a Likert scale from 0 (not
present) to 10 (as bad as possible). A total symptom score was calculated by adding the ratings of
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individual symptoms. T-tests, Pearson correlation coefficients, and mixed modeling were used to
investigate relationships between symptoms and their interference with daily function and QOL.

Results—For older and younger patients, the total symptom score worsened during RT (p's < .
001). There were no differences in the change in total symptom burden and interference with QOL
between older and younger patients during RT. After RT, although younger patients reported
significantly worse pain (p = .03), nausea (p <.01), and sleep disturbance (p <.01), symptom
interference with walking was more severe in older patients (p = .01). Mixed modeling showed
that older age (p=<.001), time of survey (after RT, p<.001), and age*time interaction (p<.001)
increased the likelihood of reporting that symptoms interfered with walking.

Conclusion—The prevalence of symptoms was similar for older and younger patients during
RT. Older patients are more likely to report that symptoms interfere with walking after RT.
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elderly; cancer; symptoms; radiotherapy

Introduction
Cancer and its treatment produce multiple physical and psychological symptoms that can
interfere with daily function and quality of life.1 Older patients with underlying
comorbidities or lower baseline functional status experience a different symptom profile
resulting from cancer and its treatment than their younger counterparts. These symptoms can
lead to delays or early discontinuation of cancer therapies, especially in older patients who
may have a reduced tolerance for side effects from treatment.2

Several studies have assessed the impact of overall symptom burden on the quality of life
(QOL) of cancer patients undergoing radiation therapy (RT). In one study, 63% of lung
cancer patients receiving chemoradiation suffered from moderate-to-severe levels of
multiple symptoms by the end of treatment.3 Investigators at the University of Rochester
characterized the longitudinal course of common symptoms in 1,129 consecutive patients
during RT.4 In 419 patients, all symptoms significantly increased in frequency during the 5-
week study period. Only 13% of RT patients reported no fatigue.5

Few studies have evaluated the differential impact of symptoms during RT for cancer on
daily function in older patients compared to younger patients. There is little information
from large patient cohorts about when individual symptoms begin to appear in the context of
cancer treatment, how symptoms compare to each other in frequency and severity, and
whether individual symptoms worsen or improve during RT in older patients compared to
their younger counterparts. In this study, we utilized a standardized validated symptom
inventory (SI)4, 5 to assess whether the prevalence and severity of multiple symptoms and
their interference with daily function and QOL in patients undergoing RT differs with age.
The primary objectives were to determine the association of age on the prevalence and the
pattern of change in specific symptoms during and after RT and on the interference of
symptoms with daily responsibilities and QOL.

Materials and Methods
Patients

The sample consisted of 903 consecutive cancer patients beginning RT at the James P.
Wilmot Cancer Center (JPWCC). Older patients were classified as those aged 65 years and
over. All radiation oncology patients who were not receiving concurrent chemotherapy were
asked to fill out a SI before and after RT. Patients who completed the SI in the first week
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and last week of RT were included in the analysis. Patients received their first RT treatment
between January 3, 2001 and March 4, 2004.

Procedures
The procedures utilized in this study have been described in previous research.4, 5 All
patients completed a patient authorization form allowing the information obtained in the SI
to be stored in a database that is maintained by the JPWCC Behavioral Medicine Unit for
research purposes. Permission for this study was obtained from the University of Rochester
Research Subjects Review Board.

Measures
Demographics—Demographic and relevant medical information was obtained from a
review of patient medical records. This information included age, sex, race, cancer type,
days of RT, and RT dose.

Symptom inventory (SI)—The SI is a list of 10 symptoms (fatigue, sleep disturbance,
drowsiness, pain, nausea, feeling distressed [upset], shortness of breath, memory trouble,
loss of appetite, vomiting)6. The 1 -page questionnaire, which takes approximately 5
minutes to complete, consists of a series of scales on which the presence and severity of
each symptom is rated when it was at its worst during the prior five days. Patients filled out
the appropriate circle on an 11-point horizontal scale anchored by 0 = —Not Present” and 10
= —As Bad As You Can Imagine.” The presence of a symptom was defined as a score of at
least 1 “on the 11-point SI scale. Severity of each symptom was measured by this score
which reflects the highest intensity of symptom over the prior 5 days as reported by the
patient. Patients also rated the interference of symptoms (in total) on 5 measures (work,
mood, activity, walking, and relationships) and overall QOL using the same scales as
described for the individual symptoms.

Statistical Analyses
Analytical methods included the calculation of descriptive statistics to assess patient
demographics and symptoms. Two-sample t-tests were used to evaluate age differences
(Young vs. Old) for the Pre-RT and Post-RT responses, and the change scores, Post-RT –
Pre-RT. Symptom severity was represented by calculating the mean score of each symptom.
Because patients were asked to rate each symptom at its worst over the prior 5 days, this
score represents the highest intensity of each symptom. Total symptom burden was
calculated by adding the mean scores of each of the 10 symptoms. Pearson correlations were
utilized to assess the relationship between total symptom burden and interferences. Chi-
square tests were used to assess differences in proportions of young and old patients with
symptoms and interferences. All tests for significant differences were performed at the 0.05
level of significance.

The above comparisons treated age as a dichotomous variable. To evaluate age as a
continuous variable, mixed modeling was employed to provide detailed information about
age, time (pre- versus post-RT), and gender on each symptom and interference. We noted
nonlinear age effects and therefore entered age into the model through cubic basis splines
with three degrees of freedom.7 A cubic spline is a nonparametric regression method based
on subdividing age, and fitting a cubic polynomial into the data in each of the sections with
continuity constraints between the polynomial fits.7,8 The results of the analyses were
converted to graphs to display symptom/interference score versus age, broken down by
gender and time.
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Results
Patients

A total of 903 patients provided complete data at baseline and during the last week of RT.
Table 1 shows the descriptive data on patient characteristics for the total sample and by age
group (i.e., younger versus older patients). The median age of the sample was 60.8 years. Of
the 903 patients, 368 (40.7%) were aged 65 years or older. Among the most frequent
diagnoses for which patients were receiving RT were breast carcinoma, 27.3%;
genitourinary carcinoma, 19.2%; and lung carcinoma, 12.1%. Older patients were more
likely to be female (p<.001) and were less likely to have breast cancer as their diagnosis (p<.
001). There were no significant differences in number of days or dose of RT between
younger and older patients.

Baseline prevalence and severity of symptoms and their interference with daily function
and QOL

Total sample—At the beginning of RT, 83.8% of the total sample experienced at least one
of the 10 symptoms (Figure 1). The most frequent symptoms were drowsiness (62.3%),
fatigue (60.9%), sleep disturbance (50.8%), and distress (50.3%). The most severe
symptoms included fatigue (mean score 2.70, 95% CI: 2.52-2.89), drowsiness (mean score
2.34, 95% CI: 2.10-2.57), and sleep disturbance (mean score 1.88, 95% CI: 1.71-2.05).

In the total sample, 66.3% of patients reported that their symptoms interfered with at least
one domain prior to RT. The most frequently affected was working (53.1%), general
activities (51.8%), and mood (52.2%). Fifty-two percent of patients reported that symptoms
interfered with overall QOL. Interference with working was the most intense (mean score
2.33, 95% CI: 2.13-2.54) followed by interference with general activity (mean score 2.18,
95% CI: 1.99-2.37).

Age-related differences in symptom prevalence and severity and their
interference with daily function and QOL before RT—The most prevalent
symptoms at baseline among both the younger and older patients were fatigue, drowsiness,
sleep disturbance, and distress (Table 2). Sleep disturbance, distress, and pain were
significantly less prevalent among the older patients compared to the younger patients (p's<.
01), while shortness of breath was significantly more prevalent among older patients before
RT (p=.04). More younger patients reported that symptoms interfered with mood (p=.02)
and working (p=.03). Older patients were more likely to report that their symptoms
interfered with walking, although this result was not statistically significant (44.3% versus
38.5%, p=.09).

Multiple symptoms were reported by all patients. The younger patients had an average of
3.7 symptoms (median=4, range 0-9) and 3.0 interferences (median=3, range 0-6) at
baseline. The older patients had an average of 3.4 symptoms (median=3, range 0-9) and 2.7
interferences (median=2, range 0-6). Although there were no differences in prevalence of
patients who reported 2 or more symptoms prior to RT, younger patients were more likely
than older patients to report 2 or more interferences (51.4% vs 44.3%, p=.04)

Younger patients reported a significantly higher intensity of sleep disturbance (2.20 versus
1.43, p<.01), distress (1.80 versus 1.42, p=.02), and vomiting (0.43 versus 0.23, p=.02). At
baseline, the only significant difference in interference was that older patients reported
higher interference of symptoms with walking (1.97 versus 1.57, p=.04).

Mohile et al. Page 4

J Geriatr Oncol. Author manuscript; available in PMC 2012 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Changes in prevalence and severity of symptoms and their interference with daily function
and QOL during RT

Total sample—The total symptom score significantly worsened (12.6 versus 14.3, p<.01)
during RT as did scores of all interferences. There were significant positive correlations
between change in total symptom score and all interferences (all p values <.001).

Age-related differences in prevalence and severity of symptoms and their
interference with daily function and QOL after RT—After RT, more younger
patients had sleep disturbance (p=.04), distress (p=.01), and nausea (p=.02) than older
patients. Younger patients also had greater interference of symptoms with mood (p=.04) and
relationships (p=.02). More older patients reported interference of symptoms with walking
after RT (53.1% versus 46.0%, p=.04).

After RT, younger patients rated sleep disturbance (2.30 versus 1.76, p<.01), pain (2.00
versus 1.64, p=.03), and nausea (1.06 versus 0.73, p<.01) as more intense than older
patients. Older patients reported more severe interference of symptoms with walking after
RT (2.19 versus 1.70, p=.01).

Age-related changes in prevalence and severity of symptoms and their
interference with daily function and QOL over RT—Among both younger and older
patients, the prevalence of most symptoms increased significantly during RT (Table 2). The
prevalence of memory difficulties significantly increased for older patients (p<.01), but not
for younger patients. The prevalence of sleep disturbance increased more for older patients
over the course of RT than younger patients (p=.02). The prevalence of patients reporting
any interference increased more for older patients than for younger patients when using 70
as the age cut-off (change of 15.1% versus 6.9%, p=.03).

Both younger and older patients had an increase in severity of scores for fatigue and loss of
appetite over RT. After RT, older patients also reported more sleep disturbance (1.76 versus
1.43, p=.03) and distress (1.71 versus 1.42, p=.03). There were statistically significant
increases in severity of symptom interference with general activity (2.52 versus 2.15, p=.01)
and QOL (2.40 versus 2.02, p<.01) among the younger patients. Older patients had an
increase in severity of distress while severity of distress symptoms did not change for
younger patients (0.23 versus −.06, p=.046) (Table 3).

Association of age on symptoms and interference with daily function and QOL
Mixed modeling of the symptoms showed significant age effects for nausea (p=.03), pain
(p=.02), and sleep disturbance (p<.01), with a maximum in these symptoms at 50 years of
age. Mixed modeling of the interference with walking showed a significant age effect (p<.
001), age*time interaction (p<.001), gender effect (p=.048), gender*time interaction (p=.
02), and time effect (p<.001). Figure 2 depicts the results graphically. Before RT, the age
effect was small, while post-RT walking interference increased with age. In other words, the
age effect is the most salient feature; before RT, the age effect was small, while post-RT
walking interference increased with age.

Discussion
In a large sample of consecutive patients receiving RT for cancer, older patients have a
similar symptom burden profile before and after RT compared to younger patients.
However, a higher prevalence of older patients reported greater interference of symptoms
with walking after RT and severity of distress increased more for older patients over the
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course of RT. This study is one of the first studies to report differences in prevalence and
severity of symptoms between older and younger patients receiving RT for cancer.

At any given time during the patient's diagnosis or treatment course, symptom burden
consists of the subjective perception of the patient's overall impressions of cancer and
treatment burden.9 In this study, 90% of older patients reported a symptom and 75% of older
patients reported that symptoms interfered with daily function or QOL after RT. The high
prevalence of symptoms and their interference with QOL in elders with cancer has been
described in other studies. Given et al. reported that symptoms such as insomnia, fatigue and
pain had a consistent and significant effect on QOL unrelated to the type of cancer,
treatment, stage of disease or comorbid conditions in 826 elderly patients with cancer.10

High fatigue and pain levels are associated with interference with QOL and functioning in
elderly lung cancer11, 12 and breast cancer patients.13 Our study adds to the literature by
evaluating symptoms, in a large cohort of patients, over the course of a single treatment
modality, RT.

Younger and older patients have similarities in symptom prevalence and the change in
symptom prevalence over the course of RT. Fatigue, drowsiness, and pain were very
common and severe, and increased during RT for both younger and older patients. Other
studies have reported that 70% to 100% of patients undergoing treatment experience cancer-
related fatigue (CRF).2, 14 CRF is usually more intense and more disruptive than other
etiologies of fatigue and is not relieved by rest.15, 16 The National Comprehensive Cancer
Network Guidelines (NCCN) reports that a score of 4 or more on a 10 point scale for fatigue
or other symptoms should trigger a comprehensive intervention.17 Our study showed that
the mean scores of symptoms and their interferences were in the —mild” range has
described by the NCCN. A systematic review of CRF found that most studies reported no
relationship between age and level of fatigue.18 Most studies have evaluated fatigue at a
single point in time rather than longitudinally in relationship with cancer treatment. Ahlberg
et al. found that CRF increased in women with uterine cancer who were undergoing RT
(mean age 66, range 37 to 84).19 Cleeland et al. found that fatigue increased longitudinally
in patients receiving concurrent chemo-radiotherapy for lung cancer.3 It has been reported
that 50% to 90% of older adults with cancer experience pain.2 Even with this high
prevalence, few studies have specifically examined cancer pain in the elderly or addressed
the issue of differences related to age.16, 20

A higher prevalence of younger patients had sleep problems and nausea after RT compared
to older patients. Other studies have shown that older patients with cancer may be less likely
to experience or report these symptoms.21, 22 Younger patients also reported greater
interference of symptoms with working and relationships which may be due to a higher level
of day-to-day responsibilities. In this study, older age was significantly associated with
greater interference of symptoms with walking. Although several studies have reported
interference of cancer symptoms with physical functioning, these studies have been small
and heterogeneous in the timing of survey administration as related to treatment, and they
have not evaluated age differences in outcomes.12, 15, 23 In one study, Gift et al. showed that
in elderly patients with lung cancer, dyspnea and fatigue interfered with physical activity in
approximately 50% of patients.12 Cancer treatments such as chemotherapy and hormonal
therapy have been associated with adverse physical performance in elders. For example,
prostate cancer patients receiving androgen deprivation therapy have a high prevalence of
falls and physical performance deficits.24-26

This study suggests that clinicians should assess not only symptoms but also their effects on
daily functioning and physical performance. Although certain symptoms are more common
and more severe in younger patients, the interference of symptoms with function may be
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more prevalent and severe in older patients. Interference of symptoms with function can lead
to a higher level of distress in older patients. This study showed that the severity of distress
increased more during RT for older patients than for younger patients. This finding is
consistent with the results of a study by Hurria et al. which showed that poor physical
functioning was the best predictor of distress in older cancer patients.27 This information has
implications for clinical practice and research. Interventions to improve or reduce the impact
of cancer and cancer treatment on physical functioning in older patients could improve
overall quality of level and reduce distress.

There are limitations to this study. Our study did not collect detailed information about
comorbidities and functional status through geriatric assessment. Therefore, it is unclear
how much other non-cancer health problems outside the cancer contribute to the higher
interference of symptoms with walking in older patients. Our study also had inherent
heterogeneity in terms of types of cancer and stages included. A significant limitation of this
study was that the data collection did not include whether the intent of RT was curative or
palliative, and therefore we cannot accurately assess whether symptoms and/or interference
differ for patients in these groups. However, the older and younger patients in this sample
did not have differences in days on RT or RT dosing (which would reflect goals of RT),
which likely reflects that the younger and older subgroups had similar underlying
characteristics in terms of goals of therapy. In addition, we did not have information on
treatments (chemotherapy or otherwise) that could affect symptoms of patients prior to RT.
Another study limitation was that the patients were primarily white and from a single
institution. Despite these limitations, the strengths of the study include the size of the sample
and longitudinal assessment of symptoms and interference with daily function and QOL.

The majority of previous symptom research has focused on single symptoms. In reality,
patients experience symptoms simultaneously, and many symptoms co-occur.28 Symptom
clusters of fatigue, pain, insomnia, and mood disturbance have been shown to negatively
impact function and QOL in older patients during cancer therapy over and above the effects
of each symptom independently.29 Future work with the database utilized in this study will
evaluate whether a difference exists in symptom clusters and their impact on function
between older and younger patients.

In summary, this study finds that for the most part, the prevalence and severity of symptoms
in younger and older cancer patients are similar. The impact of symptoms on walking is
more pronounced in older patients with cancer receiving RT than in younger patients.
Severity of distress also increased more during RT for older patients. Assessment of older
cancer patients should include an evaluation and assessment of physical performance before
therapy is initiated and continued throughout the treatment course.
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Figure 1. Mean Percent Increase During Radiation Therapy of Symptom Severity and Their
Interference with QOL and Daily Life Responsibilities
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Figure 2. Interference of symptoms with walking as related to RT (before versus after), by age
and gender
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Table 1
Patient and Disease Characteristics

Total Young Older P value

Age-median and range (yrs) 60.7 (18-92) 51.7 (18-64) 74.1 (65-92) NA

 <65 59.3%

 >=65 40.7%

Gender <0.01

 Female 49.7% 43.7% 58.4%

 Male 50.3% 56.3% 41.6%

Race 0.19

 White 90.3% 89.5% 92.0%

 African American 6.9% 8.0% 4.78%

Diagnosis

 Breast 27.3% 34.4% 17.1% <0.01

 Genitourinary Tract 19.2% 11.6% 30.4% <0.01

 Lung 12.0% 9.5% 15.8% <0.01

 Brain & Peripheral Nervous System 9.9% 12.3% 6.5% <0.01

 Alimentary Tract 8.1% 6.7% 10.1% 0.07

 Hematologic 8.1% 10.3% 4.9% <0.0

 Head & Neck 6.2% 6.2% 6.3% 0.96

 Soft-Tissue Sarcoma 3.3% 4.5% 1.6% 0.02

 Bone & Cartilaginous 1.6% 1.9% 1.4% 0.56

 Skin 1.5% 0.4% 3.3% <0.01

 Gynecologic 0.9% 1.3% 0.8% 0.48

 Unknown Primary 0.9% 0.4% 1.6% 0.05

 Melanoma 0.4% 0.6% 0.3% 0.52

RT characteristics

Total Gy—median and range 57.6 (30-168) 57.2 (30-168) 57.6 (30-161) 0.95

Total days treated—median and range 28.0 (10-48) 28.5 (10-42) 28.0 (10-48) 0.95
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