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Abstract

The results of a randomized controlled trial that tested the effects of eight-week, six-contact multi-
dimensional interactive interventions for symptom management are presented. Four hundred and
thirty-five cancer patients with solid tumors undergoing chemotherapy were randomized to receive
either nurse-assisted symptom management (NASM) or automated telephone symptom management
(ATSM). A prior trial established the effectiveness of NASM compared with conventional care.
Seventeen symptoms commonly experienced by patients undergoing chemotherapy were rated on a
scale from 0 to 10 and were evaluated at baseline, at each of the six intervention contacts and post-
intervention observation at 10 weeks. Both groups achieved significant reduction in symptom
severity over baseline, and there was no difference between groups on symptom severity at 10 weeks.
Randomization accounted for possible reductions in severity due to response shifts. Severity of
symptoms reported by patients at each of the six intervention contacts was measured using a Rasch
model. Symptom pattern was different for lung and non-lung cancer patients, and they were analyzed
separately. Longitudinal analyses revealed that lung cancer patients with greater symptom severity
withdrew from later intervention contacts of the ATSM. The results suggest that both NASM and
ATSM achieved a clinically significant reduction in symptom severity. The NASM may be more
effective than ATSM in retaining lung cancer patients in the intervention. Further testing of ATSM
supplemented by NASM for patients with severe symptoms is warranted.
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Introduction

Cancer patients experience a number of life-altering symptoms during chemotherapy.
Symptom severity may be a function of the site and stage of a cancer, treatment regimens, or
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patient characteristics, and may change over time [1]. Measures of symptom severity produced
by established symptom scales [2-6] may not fully capture the impact of the intervention on
different symptoms because of summing severity scores across an array of symptoms. Recent
articles [7-8] confirm the need for more precise longitudinal measurement of symptom severity
and impact on quality of life.

Trials testing multi-dimensional interactive interventions to manage cancer patients' symptoms
have several problems that prohibit definitive conclusions. First, many trials compare novel
strategies to conventional care alone, failing to consider relative effectiveness of different
interventions. Further, analyses are confined to pre-post comparisons without testing the impact
of successive intervention contacts, and are limited to single sites of cancer or to one or two
symptoms [9-12]. Finally only a few test interventions directed toward multiple symptoms
across multiple cancer sites [13-14].

The purpose of this randomized trial is to test two multimodal interventions for multiple
symptoms experienced by patients with multiple cancer sites while addressing for the
methodological issues that have plagued other studies. Two interventions were tested: 1) a
Nurse Assisted Symptom Management (NASM) intervention delivered by telephone by trained
cancer nurses, and 2) an Automated Telephone Symptom Management (ATSM) intervention
that delivers a standard message focused on patients' symptoms.

An earlier trial [14] established the superiority of the NASM intervention for symptom
management over and above conventional care. In that trial, following the baseline interview,
118 patients were randomized to receive nursing intervention and 119 were assigned to receive
conventional care. At 10 weeks, a mid-point observation was made, and at 20 weeks, a post-
intervention interview was administered. Patients in the NASM arm who entered the earlier
trial with higher symptom severity reported significantly lower severity at 10 and 20 weeks.
Controlling for chemotherapy treatment status and supportive care medications did not alter
the effect of the experimental intervention. Once the effectiveness of the nursing intervention
compared to conventional care was established, ethical considerations led to the decision to
offer effective tools for symptom management to both groups in the current trial. Also, the
automated telephone system was used as a comparison to NASM to determine if a much lower
cost system with targeted instruction could deliver comparable outcomes and thus increase the
opportunity for translation into oncology practice.

In this trial, comparisons between NASM and ATSM are guided by the following research
questions. First, after adjusting for patient and disease characteristics, does the NASM result
in lower summed symptom severity scores at 10 weeks than the ATSM? Second, when a
longitudinal analysis of symptom severity at each of the six intervention contacts is performed,
does the NASM differ from the ATSM in their cumulative impact on severity scores at each
contact? Third, do the two interventions perform differently by patient and disease
characteristics, and are the two interventions were equally successful in retaining patients
throughout six contacts. The trial was powered to detect an effect size of 0.37 for group
differences on symptom severity at 10 weeks.

Background and Literature Review

Multi-dimensional interactive strategies are short-term and tailored [15-16]. Problems are
identified, and the therapist and patient together select strategies classified around coping,
reframing, education, and eliciting support for adapting to or overcoming the problem. At
subsequent contacts, each strategy delivered at the previous session is evaluated, those that the
patient could not implement or were not successful are dropped or modified, and different
strategies proposed. Successful strategies are retained [17]. Meta-analyses of tailored
multidimensional interventions reveal statistically significant effects on levels of anxiety,
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depression, pain, and nausea. Among cancer patients, these professionally administered multi-
dimensional strategies for management of stress and fatigue have proven only marginally better
than traditional educational interventions [18-20]. Evaluation of these trials rely on pretest-
posttest measures; few conduct longitudinal analyses to assess patients' responses at each
intervention contact.

Interactive/Automated Telephone Response Systems merge computer software to a pre-
recorded voice and an automated telephone system. Patients are called at specified times and
intervals, and their responses recorded using the touchtone pad of a telephone. Based on patient
responses to symptom severity, follow-up assessment and interventions can be tailored to
patients needs. Overall, patient evaluations indicate that automated systems have high usability
and acceptability [21], and are more accurate than in-person interviews in obtaining sensitive
information [22,23]. They appear equal to clinical interviews in obtaining data to make
psychiatric diagnoses [24], in promoting diabetic self-care management skills [25,26], and in
delivering pain coping strategies [27]. While there are few evaluations of cost effectiveness,
the literature suggests that this technology could become a valuable adjunct to more costly
interactions between therapists and patients.

Sample and Procedure

The Institutional Review Board (IRB) of the sponsoring university, and the IRBs of two
comprehensive cancer centers, one community cancer oncology program, and six hospital-
affiliated community oncology centers approved this research. Subcontracts were established,
and nurses from the respective clinical trials offices were hired and trained to implement the
recruitment protocol. Eligibility requirements included 1) being 21 years of age or older, 2)
having a diagnosis of a solid tumor cancer or non-Hodgkins lymphoma, 3) undergoing a course
of chemotherapy, 4) being able to speak and read English, and 5) having a touchtone telephone.
Patients agreeing to participate signed an informed consent form, and had all sociodemographic
information entered into a web-based tracking system. Patients were screened for symptom
severity using an automated voice response version of the M. D. Anderson Symptom Inventory
[7]. Following symptom management guides, a score of 2 or higher suggests a need for
monitoring. Therefore, patients scoring 2 or higher on severity of at least one symptom (range
0-10) entered the trial. Patients not scoring 2 or higher on any of the symptoms were called
twice weekly for up to six weeks. Those failing to report a severity score of 2 or higher on any
symptom were sent a letter thanking them for participation but were not entered into the trial.

Patients who scored 2 or higher had an intake interview, received a copy of the Symptom
Management Guide (SMG), and were randomized into either the NASM or the ATSM using
a computer minimization program [28] that balanced the arms with respect to recruitment
location and site of cancer. Both arms of the trial received one call each for the first four weeks,
skipped week 5, were called week 6, skipped week 7, and received a final call on week 8. At
10 weeks, outcome data were obtained through second interview. Figure 1 summarizes the
number of enrolled and attritted patients at each step, the number of cases meeting entry criteria
and number analyzed.

The trial sought to compare the impact of a six-contact, eight-week ATSM intervention
delivered via an automated system, with an NASM protocol delivered by experienced cancer
nurses, on reducing patient reports of severity of 17 symptoms: fatigue, pain, dyspnea,
insomnia, distress, nausea, fever, difficulty remembering, lack of appetite, dry mouth,
vomiting, numbness and tingling, diarrhea, cough, constipation, weakness, and alopecia.
Following guidelines, patients who rated severities of symptoms at 4 or higher (threshold) at
each contact received strategies to manage those symptoms. Four was set as the number at
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which clinical guidelines require active intervention. For symptoms scored at seven or higher,
patients in both arms were encouraged to call their oncology office if the symptom did not
improve. Reviews of medical records found no comments on the calls made by patients
regarding symptoms, and this information was not used in the analyses. Because of
randomization, the additional impact on symptoms produced by calling the oncology offices
likely occurred equally in the two arms. For patients assigned to the NASM group, nurses
delivered up to four strategies for each symptom supplemented with references to the SMG.
At each subsequent contact, assigned strategies were evaluated: the nurse inquired if the
strategy was tried, and if tried, was it helpful in managing the symptom. While each intervention
strategy was assessed as to whether or not it was tried and if tried, was successful, rehearsal or
practice were not emphasized. If a strategy was not tried, or tried but not found helpful, then
patients were counseled as to how they might fit strategy into their daily activities or were
offered different strategies. Successful strategies were reinforced and continued.

In the ATSM arm, a pre-recorded pleasant female voice queried patients regarding their
severity for the 17 symptoms. To rate severity, patients pressed the appropriate numbers on
their telephone keypads. For symptoms rated at 4 or higher, patients were directed to the section
of the SMG that informed them about strategies to manage each symptom. The ATSM was
programmed such that all symptoms scored at 4 or higher on the previous contact patients were
queried as to whether or not they tried the strategies identified in the SMG and, if so, were they
helpful in lowering the severity of that symptom. Numerical prompts were used so patients
could respond using their telephone keypad. When all symptoms above threshold at the
previous contact were evaluated, the system then reviewed the current severity of all symptoms.

Figure 2 contains an example of strategies available to address insomnia. For the NASM, the
strategies were organized according to intervention (action) verbs (assess, teach, prescribe
communicate, support) contained in the drop-down lists of the nursing intervention protocol
guide. The right hand column summarizes information contained in the SMG for insomnia
used in the ATSM.

Age, gender, site and stage of cancer were obtained from the patients' medical records, entered
into the tracking system, and confirmed in baseline interview. Comorbid conditions were
assessed at baseline using a 13-item questionnaire; patients were asked if a doctor had ever
told them they had such conditions as diabetes, high blood pressure and other chronic diseases
[29]. Severity of 17 symptoms were scored by patients on a scale ranging from absence (0) to
the worst severity possible (10) at baseline interview, each of the six intervention contacts, and
10-week interview. Scores at baseline and 10 weeks were summed across symptoms creating
an index of severity ranging from 0 to 170. Severity scores obtained during intervention
contacts were dichotomized as below a threshold of 4, or 4 or higher.

Data Analysis

Analysis of the interview data using summed scores of symptom severity—The
intention to treat approach was adopted for this analysis [30]. All patients were analyzed as
randomized regardless of their compliance with the intervention protocol. Generalized linear
models implemented in SAS 9.1® [31] were used to relate symptom severity at 10 weeks to
symptom severity at baseline, group, their interaction, and other potentially important
covariates: number of comorbid conditions, age and site of cancer. Residuals were examined
to evaluate model fit and outliers. The parameters associated with the group variable were
tested. To evaluate the change over baseline, a matched pairs t-test was performed for each

group.
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Rasch analysis of data from intervention contacts—To reflect the intervention
protocol, where only symptoms that reached a threshold of 4 or higher on severity were
addressed, in analyses of the intervention contacts, symptom severity scores were dichotomized
into below or above threshold. While using dichotomous instead of continuous variables may
result in loss of power, the categories form more stable referents to evaluate differences in
symptom patterns and gauge the effect of the interventions. A Rasch model suitable for yes/
no responses [32] was used to measure symptom severity at six intervention contacts. Rasch
model and its generalizations have been used to evaluate quality of life [33-36] and depressive
symptoms [36]. The model's symptom parameter is operationalized as the prevalence of a
symptom above threshold. The higher the prevalence of a symptom above threshold, the lower
the symptom parameter is. Within the Rasch framework, patients are more likely to report
symptoms with low symptom parameters before reporting symptoms with high symptom
parameters. Patient parameters (patients' Rasch severity scores) were derived at each contact.
Rasch severity scores could be thought of as a number of symptoms above threshold adjusted
for the differences among symptoms. For example, if two patients each have one symptom
above threshold at a contact, the patients will not have the same Rasch severity score unless
the symptom is the same or the two symptoms have the same prevalence above threshold at
that contact. Rasch analyses were conducted using WINSTEPS computer program [37].

To address the unidimensionality assumption of the underlying construct of symptom severity,
infit and outfit statistics reported as mean squares were used. Values of both infit and outfit
statistics outside of the interval from 0.6 to 1.4 indicated that a symptom tapped into a different
dimension than other symptoms, and the symptom was removed [38]. In the Rasch model,
symptom parameters are properties of symptoms and not patients who report symptoms. If
symptom parameters vary across site of cancer, then Differential Iltem Functioning (DIF) by
site of cancer is present, i.e., patients with the same underlying value of severity endorse a
symptom differently by site of cancer. In such a case, patient measures of symptom severity
can not be derived from a single Rasch model. Instead, separate models by site of cancer should
be fit to adequately measure the underlying construct. Several methods of DIF detection are
available [35]. We tested the stability of symptom parameters across groups of patients. In
multiple comparisons of symptom parameters, Bonferroni corrections were employed to
account for pairwise comparisons that corresponded to multiple categories and time points. To
avoid inflated type 11 error, we did not adjust the results for the multiple symptoms tested.

Once tested for dimensionality properties and DIF across time and important covariates,
symptom(s) tapping into different dimension were removed, and patients were divided into
subgroups according to values of the variable(s) for which DIF was present. Separate Rasch
models were fit for each subgroup of patients.

Longitudinal analysis of Rasch scores of symptom severity—Rasch severity scores
were entered into longitudinal models that tested the effect of the intervention for each subgroup
of patients across six contacts. Longitudinal models were fit using mixed procedure in SAS
9.1.[31] Rasch severity scores at contacts 2-5 were related to Rasch severity score at contact
1, study group, time, study group by time interaction and important covariates. Several ways
of modeling the time trend were examined as well as random versus fixed intercept, and model
with the best fit was selected using log-likelihood test. Least square (LS) means [39] of Rasch
severity scores at each contact were compared across groups. Data from all patients who
completed contact 1 and at least one more contact were used in this analysis. According to the
protocol, patients had to complete contact 1 in order to proceed with contacts 2-6.

Attrition and protocol adherence analyses—Symptom severity of patients who attrited

between baseline and 10 week interviews was compared by group. Generalized estimating
equations (GEE) for repeated binary data [40] were used to relate the probability of
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withdrawing from the intervention (but not necessarily dropping out of the study as some
patients completed less than six contacts and the 10-week interview) to symptom severity at
previous contact and contact number. Completed contacts were appropriately numbered to
reflect any contacts skipped by patients.

Based on the information in their medical records, 1605 cancer patients were eligible for the
study and were approached by nurse recruiters, and 815 signed informed consent forms. A total
of 806 patients were screened simultaneously for two separate symptom management trials.
Two hundred fifty-seven patients had a consented caregiver and entered the companion trial,
78 dropped out prior to entry, another 34 dropped out prior to the baseline interview. In total,
437 patients completed the baseline interview, and were randomized: 219 to the ATSM and
218 to the NASM.

A total of 13 patients (10 in the ATSM and 3 in the NASM) did not complete any of the
intervention contacts, but had 10-week interviews. These patients were included in the
intention-to-treat analysis of interview data. Thirty-two patients (17 from ATSM, 15 from
NASM) dropped out of the study prior to the first intervention contact, and 44 dropped out in
the course of the intervention (24 from ATSM, 20 from NASM), making the total attrited
between baseline and 10 weeks 76 (41 from ATSM, 35 from NASM). These patients did not
differ significantly on the symptom severity reported at baseline: 41 patients who attrited from
the ATSM averaged 42.32 on summed symptom severity at baseline, and 35 from the NASM
averaged 41.47 (P-value 0.89, not in tables). Table 1 summarizes the distribution of age, sex,
site and stage of cancer, baseline and 10 week symptom severity by group. Most measures
including symptom severity were equivalent at baseline.

Results Based on Interview Data Analysis

The first research question compared the impact of each arm on patient summed severity scores
at 10 weeks. The paired t-tests revealed that both arms of the trial produced a significant
reduction in symptom severity over baseline. The effect sizes were virtually identical (0.56
NASM, 0.59 ATSM). These effect sizes are just above medium in Cohen's classification [41]
and suggest clinically significant improvement over baseline in symptom severity of patients
in each group even though matched pairs analysis cannot attribute the improvement to the
interventions received. The group differences were tested in the linear model relating summed
severity score at 10 weeks to severity score at baseline, group, and symptom severity at baseline
and group interaction and the number of comorbid conditions. Other covariates, such age, site
of cancer (lung versus non lung) and gender, were not significant and are not included in the
final model. The additive group effect and group by symptom severity at baseline interaction
were not significant. Two outliers detected in the NASM group did not affect the results. The
number of comorbid conditions had a positive association with symptom severity at 10 weeks
(P<0.01, not in tables).

Rasch Analysis of Intervention Contacts Data

Because of a technical script error that occurred in the automated system, pain was not
measured in uniform manner across all intervention contacts; thus, it was not included in the
Rasch analysis. Because nausea and vomiting were combined for the purposes of the
intervention strategies, the Rasch analyses began with 15 symptoms. Alopecia had infit and
outfit parameters greater than 1.4 and was removed from the set of symptoms.

To investigate DIF across time, symptom parameters were compared over the six intervention
contacts. No significant differences were found. No significant DIF was found across age
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groups, gender, number of comorbid conditions. In testing by site of cancer, dyspnea, cough,
diarrhea and peripheral neuropathy exhibited DIF: t-test statistics were 3.39, 3.47, -2.37 and
—2.23, respectively, exceeding the critical value of 1.97 for 322 degrees of freedom. Diarrhea
had lower prevalence over threshold among lung cancer patients: 3.4% at contact 1 compared
to 13.4% for other cancer patients. The corresponding contact 1 prevalence above threshold
figures for dyspnea were 36.2% for lung and 18.5% for non-lung cancer patients (see Figure
3). Therefore two separate models, one for lung cancer patients, and one for non lung cancer
patients, were used to derive Rasch measures of patients' symptom severity based on 14
symptoms.

Patients' Rasch symptom severity measures were entered into two separate longitudinal
models. The measure at contact 1 was a covariate to adjust for the differences between groups
at contact 1. The models had a random intercept, and time was modeled as ordinal to reflect
that contacts were not equally spaced over time. First order auto regression (AR(1)) was chosen
as covariance structure with respect to time. Tests of fixed effects are presented in Table 2, and
LS means of Rasch scores of symptom severity at each contact are in Table 3. Figures 4 and
5 display the means of Rasch symptom severity scores plotted against contact number for each
group for lung and non lung cancer patients respectively.

The analysis of Rasch severity scores of non-lung cancer patients showed no significant
differences between the two groups. The analysis of lung cancer patients revealed significant
additive group effect and a group by contact number interaction that approached significance
(P=0.08). Patients in the ATSM showed greater improvement in symptom severity as
demonstrated by the comparison of LS means at each contact presented in Table 3. The number
of comorbid conditions had significant association with symptom severity in both models (lung
and non lung cancer): patients with more comorbid conditions at baseline had higher symptom
severity.

To further investigate why patients with lung cancer in the ATSM arm reported significantly
lower severity at later contacts, protocol adherence was analyzed. The probability of
withdrawing from the intervention was related to Rasch severity score at previous contact and
contact number through a GEE model.

For all patients, the probability of a patient withdrawing increased over time (P< 0.01, not in
tables). For lung cancer patients, the probability was positively associated with higher Rasch
severity score at previous visit for patients in the ATSM group (P=0.06) but not for patients
in the NASM group (P=0.30). Therefore among lung cancer patients, the decrease in mean
Rasch severity scores in the ATSM group compared to NASM group (Table 3) can be attributed
to the fact that patients with higher symptom severity in the ATSM group tended not to
complete later intervention contacts. For example, four lung cancer patients withdrew from the
intervention contacts after contact 3, at which time two patients in the NASM had 1.5 symptoms
above threshold on average (0 and 3), and 2 patients in the ATSM had 11 symptoms above
threshold on average (7 and 15). Among non-lung cancer patients, 12 stopped their intervention
contacts after contact three: three patients in the NASM had four symptoms above threshold
on average, and nine patients in the ATSM had 3.56 symptoms on average. The GEE models
for non-lung cancer patients revealed about the same strength of association between the Rasch
symptom severity score at a contact and probability of withdrawing from further intervention
contacts (P=0.07 for ATSM and P=0.01 for NASM). We ran separate GEE models for NASM
and ATSM because of the difference in parameters of covariance structure (treated as nuisance
in the models) between the groups.
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Discussion

By incorporating multiple sites of cancer, large number of symptoms, and comparison of
alternative interventions for symptom management into this randomized trial, we were able to
specify asite of cancer with a significantly different symptom pattern (lung); how interventions
differ at each contact; and the contacts at which one arm (NASM) may be more effective in
retaining severely affected patients and managing their symptoms. Evidence here supports our
arguments for comparing interventions using a multi-symptom, multi-cancer site sample, and
an intention-to-treat approach. Overall, a nurse-directed intervention was comparable to an
interactive voice response system that monitors symptoms and refers patients to SMG. No
differences were observed between groups post-intervention. The observed effect size for
group differences was virtually zero. Both groups produced clinically significant improvement
over baseline, with effect sizes exceeding .5. With no control group in this trial, some reduction
in symptom severity over baseline in both arms can be attributed to response shift or regression
to the mean. However, in a previous trial, NASM significantly lowered symptom severity
compared to conventional care alone, and following ethical considerations in this trial, NASM
was tested against another multimodal intervention.

In this paper, we did not confine analyses to pre-post comparisons. Symptom severities at each
contact were compared by using a longitudinal model. Rasch measures of symptom severity
used in longitudinal models provided a better measure of patient symptom severity by
accounting for differences in prevalence among symptoms at each contact. The DIF analysis
showed that symptom pattern of lung cancer patients differed significantly from the symptom
pattern of non-lung cancer patients. Therefore, separate analyses were conducted. These
analyses showed lower symptom severity at the last few contacts for ATSM compared to
NASM among lung cancer patients. This effect was due to the fact that lung cancer patients
with higher severity scores withdrew from the intervention and thus did not influence the
estimate for time trend at later contacts. Withdrawal from NASM group was not associated
with symptom severity at prior visit among lung cancer patients. This suggests that, for lung
cancer patients with severe symptoms, ATSM does not provide adequate symptom
management, while NASM was able to keep these patients from withdrawing from the
intervention.

These differences suggest that a future trial compare the ATSM alone with the ATSM plus
introduction of the NASM for lung cancer patients, or any patients who have high symptom
severity. A combination of ATSM and NASM might be employed. The automated system
could monitor and deliver SMG based strategies. When those are not helpful, then patients
might be shifted to a nursing call in order to more carefully tailor interventions or assess
dimensions of the problems. Such combination will make more judicious use of nurses' time.
The comparison of ATSM to the combination of ATSM and NASM could begin to establish
the points where patients benefit from the more resource intensive nursing arm. More specific
differentiation of patients' symptom management needs and appropriate strategies to assist and
support patients in their management of symptoms offers a valuable addition to the supportive
care of cancer patients.

Several limitations of this research should be noted. The lists of symptoms evaluated in the
interviews and during intervention contacts were slightly different: nausea and vomiting were
combined into one in the symptom assessment during intervention contacts, while they were
separate in the interview; peripheral neuropathy and depression were evaluated during
intervention contacts, and numbness and tingling and distress in interview. During the
intervention contacts, pain was not measured in a uniform manner throughout the trial, and
was not included in the intervention data analysis. Samples differed slightly for interview and
intervention analysis because some patients had interviews but not intervention contacts.
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In conclusion, this trial demonstrated the value of including multiple sites of cancer, multiple
symptoms, and two active intervention arms during which data are collected and assessed at
each of multiple contacts. Through these efforts, we were able to identify sites of cancer (lung)
in need of more intensive intervention strategies and to demonstrate the value of the ATSM
for the management of symptoms among cancer patients undergoing chemotherapy.
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Figure 3.
Prevalence above threshold for selected symptoms across contacts.
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Trend in unadjusted mean Rasch severity scores among lung cancer patients.
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Figure 5.

Trend in unadjusted mean Rasch severity scores among non lung cancer patients.
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Table 2
Longitudinal Model for Rasch Symptom Severity Scores at Contacts 2-6

Lung Cancer Non Lung Cancer
Effect F-value P-value F-value P-value
Rasch score at 1% contact 82.11 <0.01 213.99 <0.01
Comorbidity 19.80 <0.01 4.45 0.04
Group 7.19 <0.01 3.01 0.08
Contact number 2.65 0.03 6.26 <0.01
Group * Contact number 2.14 0.08 1.27 0.28
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