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Abstract

Purpose Patient-reported outcomes (PROs) have been
found to be significant predictors of clinical outcomes such
as overall survival (OS), but the effect of demographic and
clinical factors on the prognostic ability of PROs is less
understood. Several PROs derived from the 12-item Short-
Form Health Survey (SF-12) and M. D. Anderson Symp-
tom Inventory (MDASI) were investigated for association
with OS, with adjustments for other factors, including
performance status.

Methods A retrospective analysis was performed on data
from 90 patients with stage IV non-small cell lung cancer.
Several baseline PROs were added to a base Cox propor-
tional hazards model to examine the marginal significance
and improvement in model fit attributable to the PRO:
mean MDASI symptom interference level; mean MDASI
symptom severity level for five selected symptoms; SF-12
physical and mental component summaries; and the SF-12
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general health item. Bootstrap resampling was used to
assess the robustness of the findings.

Results The MDASI mean interference level had a sig-
nificant effect on OS (p = 0.007) when the model was not
adjusted for interactions with other prognostic factors.
Further exploration suggested the significance was due
to an interaction with performance status (p = 0.001).
The MDASI mean symptom severity level and the SF-12
physical component summary, mental component sum-
mary, and general health item did not have a significant
effect on OS.

Conclusions Symptom interference adds prognostic
information for OS in advanced lung cancer patients with
poor performance status, even when demographic and
clinical prognostic factors are accounted for.
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Abbreviations

ECOG PS Eastern Cooperative Oncology Group
performance status

European Organisation for Research and
Treatment of Cancer

HR Hazard ratio

EORTC

MDASI M. D. Anderson Symptom Inventory
NSCLC Non-small cell lung cancer

PRO Patient-reported outcome

SF-12 12-item Short-Form Health Survey
SF-36 36-item Short-Form Health Survey
Introduction

The use of patient-reported outcomes (PROs) in oncology
has increased steadily in the past decade. With the emer-
gence of the Patient-Reported Outcomes Measurement
System (PROMIS) [1], the publication of the U.S. Food and
Drug Administration’s guidance to support labeling claims
[2], and the development of the PRO version of the Com-
mon Terminology Criteria for Adverse Events [3], we
expect to see continued use of PROs in descriptive studies
and clinical trials. This use is being facilitated by the
accumulation of validation evidence for widely used
assessment tools such as the M. D. Anderson Symptom
Inventory (MDASI) [4], the Functional Assessment of
Chronic Illness Therapy [5], the European Organisation for
Research and Treatment of Cancer (EORTC) Quality of Life
Questionnaire QLQ-C30 [6, 7], and the 36-item Short-Form
Health Survey (SF-36) [8] or its derivative, the SF-12 [9].

Patient-reported outcomes not only capture symptom or
quality-of-life information for clinical use, they also often
serve as prognostic factors for clinical outcomes such as
overall survival [10-12]. Indeed, some studies have sug-
gested that patient-reported quality-of-life information is a
more valuable prognostic factor than clinician-assessed
performance status [10]. However, most studies have found
only modest improvement in predictive ability when PROs
are added to models already containing other prognostic
factors [10, 13]. Many PROs, especially those pertaining to
the interference of symptoms with patients’ daily activities,
have not been studied as predictors of survival.

In this study, we sought to test whether adding various
PROs to models containing established prognostic factors
would improve the prediction of survival in patients with
advanced non-small cell lung cancer (NSCLC). We placed
particular emphasis on a less-studied PRO: baseline ratings
of the interference scale of the MDASI, which measures
how much symptoms interfere with life domains. Although
symptom interference was shown previously to be predic-
tive of primary tumor recurrence in patients with brain
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tumors [14], symptom interference has not been used to
examine survival in patients with lung cancer. We also
considered the added prognostic ability of several other
PROs derived from either the MDASI or the SF-12.
Because many studies of modeling survival have used
performance status as part of a statistically significant index
(e.g., [15-19], we were particularly interested in whether
PROs improved survival prediction when models were
adjusted for the “gold standard” of performance status.

Methods
Patients

Patients were recruited between January 2004 and
December 2008 from the thoracic medical oncology clinic
at The University of Texas MD Anderson Cancer Center.
Eligible patients had stage IV NSCLC, were at least
18 years old, spoke English, had an Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0, 1, 2,
or 3 and were scheduled for first-line chemotherapy.
Patients provided written informed consent, and the MD
Anderson Institutional Review Board approved the study.

The current study is a reanalysis of data obtained in a
previous study [20], for which patients were recruited from
several kinds of treatment facility, including MD Ander-
son. Because of variations in symptom management
between tertiary cancer centers and other hospitals, patients
were excluded from the present study if they were not
treated at MD Anderson.

Prognostic factors

With the goal of understanding the added benefit of various
PROs in modeling overall survival, we considered prog-
nostic factors of two types: those based on baseline
demographic or clinical variables related to overall sur-
vival, according to previous studies [11, 12, 14] and those
based on baseline PROs. The demographic and clinical
prognostic factors were age (in years), ECOG PS (poor,
defined as >2, vs. good, defined as <1), previous chemo-
therapy (yes vs. no), and sex (male vs. female).

The PROs considered were derived from the baseline
administration of the MDASI [4] and the SF-12 [9]. The
MDASI solicits patient self-report of the severity of 13
common cancer-related symptoms and the degree to which
symptoms interfere with daily functioning [4]. The severity
of each symptom is reported on an integer scale of O (“not
present”) to 10 (“as bad as you can imagine”). For this
study, we used the MDASI-LC [21], a validated lung
cancer version of the MDASI that assesses three additional
symptoms, constipation, coughing, and sore throat. The six
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MDASI symptom interference items are also reported
using an integer scale of 0 (“did not interfere”) to 10
(“interfered completely”). These items measure interfer-
ence with activity, work, walking, mood, relations with
others, and enjoyment of life.

The mean of all symptom severity scores can provide a
convenient one-number summary for use as a prognostic
factor; however, to have a more sensitive measure, we
elected to use the mean of only five of 15 MDASI symptom
scores (the MDASI-LC item “sore throat” was excluded
from the analysis because it is related to radiation therapy,
which none of our sample received). In a previous report of
data from a sample that included patients in the present
study, symptoms were ranked by severity and analyzed as
predictors of overall survival on an individual basis [12]; in
the current study, we calculated the composite score of the
five symptoms with the highest average baseline levels
(fatigue, disturbed sleep, shortness of breath, drowsiness,
and pain), rather than analyzing them individually. Men-
doza et al. [21] suggested that different composite scores
can be derived using various combinations of MDASI-LC
items so long as they are specified a priori. We also eval-
uated the mean of the scores for the six interference items
as a potential prognostic factor.

The SF-12 is a validated derivative of the SF-36 [8, 9].
The 12 items of the SF-12 include one item for the
respondent’s self-reported general health. One apparent
advantage of a single-item measure is its simplicity [22].
The five response categories for the general health item
were combined to form a binary response: poor or fair
versus excellent, very good, or good. The SF-12 items can
be combined to form the physical component summary
(PCS) and mental component summary (MCS) [9], each of
which ranges from 0 (worst) to 100 (best). In addition to
the dichotomized general health item, we evaluated the
PCS and MCS as potential prognostic factors.

Statistical analysis

Descriptive statistics for the prognostic factors and PROs
were computed. In addition, the univariate significance of
each potential prognostic factor in a Cox proportional
hazards model was assessed. To facilitate comparisons,
only data from patients with observed values for each
factor considered were included. This guaranteed that the
same subset of patients was used in every analysis.

Most of the factors evaluated in this study were cate-
gorical, but several were treated as quantitative factors.
Age, SF-12 PCS, and SF-12 MCS were manifestly quanti-
tative. Although both the mean MDASI interference level
and the mean MDASI symptom severity level were based
on ordinal items rather than quantitative measurements, the
11 possible categories for each item were sufficiently

refined and had an inherent equal spacing to justify their
treatment as a quantitative response; this assumption was
even more reasonable for the average of several such items.

To assess the added prognostic ability of the various
PROs considered, a Cox proportional hazards model was fit
using the demographic and clinical factors noted above.
This base model was assessed for validity. To this base
model was added in turn each of the PROs, and if the PRO
significantly improved the model fit (likelihood ratio test
p < 0.05), then interactions between the PRO and other
factors were also considered.

The additive benefit of a potential prognostic factor to
a model can be assessed by comparing the C statistic for
models with and without the factor. The C statistic [23]
measures the concordance between the model’s predicted
risk and overall survival for all pairs of patients in which
it is possible to determine which patient lived longer
[24].

Bootstrapping techniques were used to check the
robustness of the findings. This was particularly important
because of the relatively small ratio of events to factors in
the models. The small ratio heightened concerns about the
potential of influential points to drive model conclusions.
The bootstrap procedure implemented was to construct
confidence intervals for hazard ratios (HRs) using the per-
centile method. The preliminary step was to resample (with
replacement) the same number of observations from the
original data set 1,000 times and then to refit a given model
to each of these resampled data sets. The HR estimate for
any factor of interest was computed for each sample, and
the 2.5th and 97.5th percentiles of these HR estimates from
the 1,000 samples were used to form a 95 % bootstrap
confidence interval. This is one of the most straightforward
bootstrap techniques that can be used [25]. In addition, we
determined the proportion of the bootstrap samples for
which the factor had p < 0.05. Such a proportion can be
used in assessing the usefulness of a prognostic factor [26].

All calculations were performed using R [27] with the
survival package [28]. p values are in all instances based on
the (two-sided) likelihood ratio test.

Results

Of a potential pool of 95 patients, 90 had no missing
information for any of the factors and thus were included in
our analysis. The five patients with missing information
had missing SF-12 PCS and SF-12 MCS scores (three
patients), ECOG PS (one patient), MDASI pain severity
(one patient), and MDASI relationship interference (one of
the patients also missing SF-12 PCS and SF-12 MCS). The
median time span between diagnosis of lung cancer and
baseline symptom assessment was 58 days. At the time of
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the initial analysis, 88 of the 90 patients had died. The
median survival time was 8.4 months.

Summary information for these 90 patients, including
the univariate significance of each potential prognostic
factor, is included in Table 1. For the factors treated as
quantitative, the comparison for the HRs corresponds to a
change in the measure of roughly one-half standard devi-
ation. Using an unadjusted « of 0.05 for each factor as a
predictor of overall survival, only the mean MDASI
symptom interference score and the SF-12 general health
item were found to be significant. The Cronbach’s alpha for
the composite of the five symptoms with the highest
average baseline levels (fatigue, disturbed sleep, shortness
of breath, drowsiness, and pain) was 0.74. The mean score
from these five symptoms for patients with good ECOG PS
was 1.9 (SD = 1.49), whereas patients with poor ECOG
PS had a mean score of 3.19 (SD = 1.75). Hence, the
groups differed statistically (p < 0.001) and meaningfully
(effect size = 0.79), demonstrating known-group validity.

The base Cox model with sex, age, previous chemo-
therapy, and ECOG PS had a pronounced weakness
because the estimated survival function appeared to behave
differently for good ECOG PS than for poor ECOG PS.
Because of this, we stratified the base Cox model by good
versus poor ECOG PS. Figure 1 depicts the estimated
survival curve for patients [29] in each stratum.

Table 2 displays the estimated adjusted HR of each
factor for this base model and for the models with each
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Fig. 1 Estimated overall survival curves for two “average” patients
with stage IV NSCLC who differ at baseline only by ECOG PS group
membership

PRO-derived measure added. Each PRO had its estimated
effect in the anticipated direction, but only the mean
MDASI interference had a p value <0.05 for its marginal
effect when added to the base model.

Further investigation found that the effect of mean
MDASI interference depended on ECOG PS, so the model
with this interaction was also considered (Table 2). When
the interaction was included, the effect of mean MDASI
interference on overall survival was significant only among
patients with poor ECOG PS. The estimate and 95 %
Wald’s confidence interval for the adjusted HR of a one-
point increase in mean MDASI interference was 1.03

Table 1 Baseline characteristics of 90 patients with stage IV non-small cell lung cancer and univariate significance in a Cox proportional

hazards model for overall survival

Characteristic n (%) Mean (SD) Comparison Estimated HR p
Sex Male versus female 1.43 0.114
Female 34 (38)

Male 56 (62)

Previous chemotherapy Yes versus no 0.96 0.850
No 66 (73)

Yes 24 (27)

Age 61.4 (9.2) 5 years increase 0.99 0.790
ECOG PS?* Poor versus good 1.47 0.103
Good (0 or 1) 60 (67)

Poor (2 or 3) 30 (33)

SF-12° general health item Fair, poor versus excellent, very good, good 1.55 0.049
Fair or poor 42 (47)

Excellent, very good, or good 48 (53)

Mean MDASI interference 2.6 (2.3) One-point increase 1.19 0.002
Mean MDASI symptom severity (five items) 24 (1.7) One-point increase 1.11 0.138
SF-12 physical component summary 35.6 (11.4) Five-point decrease 1.08 0.093
SF-12 mental component summary 47.4 (10.7)  Five-point decrease 1.01 0.824

# Fifteen patients (17 %) had ECOG PS = 0; 45 (50 %) had ECOG PS = 1; 27 (30 %) had ECOG PS = 2; three (3 %) had ECOG PS = 3
® Five patients (6 %) responded excellent; 16 (18 %), very good; 27 (30 %), good; 33 (37 %), fair; nine (10 %), poor
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Table 2 Estimates of adjusted HRs of each factor in the base Cox proportional hazards model and when the PRO-based measures were added

Potential Comparison Base  Base + mean Base + mean Base + SF- Base + SF- Base + SF- Base + mean MDASI
prognostic factor model MDASI MDASI 12 PCS 12 MCS 12 general interference + mean MDASI
interference severity health interference*ECOG PS
Sex Male versus female 1.45 1.67* 1.47 1.45 1.51 1.32 1.58
Age 5 years increase 0.96 0.98 0.96 0.96 0.96 0.97 0.98
ECOG PS Poor (2 or 3)
(stratum for versus good
baseline Oorl)
hazard)
Previous Yes versus no 0.98 1.04 0.98 0.93 0.99 0.93 0.92
chemotherapy
PRO a 1.18* 1.06 1.07 1.03 1.32 1.03; 1.54%°
Overall C statistic 0.546  0.560 0.558 0.574 0.532 0.553 0.570
ECOG PS < 1 only 0.543  0.526 0.546 0.558 0.521 0.555 0.534
ECOG PS > 2 only 0.558  0.699 0.606 0.637 0.574 0.549 0.715

* Significant at p < 0.05

# For mean MDASI symptom interference and mean MDASI symptom severity, comparison is a one-point increase; for SE-12 PCS and SF-12 MCS, comparison is
a five-point decrease; for SF-12 general health item, comparison is poor/fair versus excellent/very good/good

° Main effect (1.03) and additional multiplicative impact if ECOG PS > 2 (1.54) of a one-point increase in mean MDASI symptom interference

w
o~

Adjusted Hazard Ratio
1.0 15
|
——

0.5

0.0

Good
(PS=0-1)

Poor
(PS=2+)

ECOG PS

Fig. 2 Estimates and 95 % confidence intervals of the adjusted HR
associated with a one-point increase in mean MDASI symptom
interference level, by ECOG PS stratum; HR > 1 indicates difference
in survival

(0.89-1.20) for the good ECOG PS group and 1.58
(1.26-1.99) for the poor ECOG PS group. Fig. 2 depicts
these estimates and 95 % confidence intervals for the
stratum-specific adjusted HRs.

Because the multivariate Cox proportional hazards
models were stratified by ECOG PS, the C statistic was
computed within each stratum and by combining the stra-
tum-specific concordance results (Table 2). The overall C
statistic for all models was low, but when computed sep-
arately within each stratum, the C statistics revealed that
for each model, the concordance was substantially higher

among patients with poor ECOG PS than among those with
good ECOG PS.

The bootstrap procedures yielded results agreeing with
the earlier findings. The 95 % bootstrap confidence inter-
vals for each PRO’s adjusted HR are shown in Table 3. Not
surprisingly, these intervals tended to be wider than Wald-
based confidence intervals [25, 30]. Mean MDASI inter-
ference was the only PRO for which the confidence interval
excluded 1.00, and when allowed to be stratum specific,
symptom interference had a marked effect for the poor
ECOG PS stratum but not for the good ECOG PS stratum.

The proportions of bootstrap resamples in which each
PRO had p < 0.05 when added to the base model are given
in Table 4. These proportions were high only for the mean
MDASI interference score.

Discussion

Our results indicate that symptom interference may be a
prognostic factor for overall survival in patients with stage
IV NSCLC. This finding seemed robust despite the small
sample size. Some of the evidence for the added prognostic
benefit of the mean MDASI symptom interference score
might be attributable to the increased precision that this
PRO offers compared with ECOG PS, which is already
categorical and which we further dichotomized. Still more
of the evidence might be due to the restricted range of
ECOG PS in the analysis data set: no patients had baseline
ECOG PS = 4 and only 3 % had ECOG PS = 3. Even so,
a particular range of ECOG PS scores might be expected
for patients who are eligible for a particular treatment.
Therefore, a PRO might further differentiate patients likely
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Table 3 Bootstrap-based confidence intervals for the adjusted HR when PRO-based measures were added to the base model

PRO measure Mean MDASI Mean SF-12 PCS SF-12 SF-12 general  Mean MDASI interference
interference (no MDASI MCS health (interacting with ECOG PS)
interaction symptom
considered) severity

Change One-point increase One-point Five-point  Five-point  Poor/fair to One-point One-point

increase decrease decrease excellent/ increase (for increase (for
very good/ good ECOG poor ECOG
good PS) PS)

95 % confidence (1.04-1.37) (0.91-1.33) (0.95-1.25) (0.91-1.19) (0.74-2.25) (0.87-1.22) (1.26-2.23)

interval for
adjusted HR

Table 4 Proportion of bootstrap resamples for which the PRO
measure was a significant prognostic factor for overall survival when
added to the base model containing only demographic and clinical
factors

PRO measure Proportion of bootstrap resamples

with effect having p < 0.05

Mean MDASI interference (no  0.769
interaction considered)

Mean MDASI symptom 0.229
severity

SF-12 PCS 0.294

SF-12 MCS 0.093

SF-12 General health 0.200

Mean MDASI interference (interacting with ECOG PS)

Main interference effect 0.075
additional interference effect
@if ECOG PS > 2) 0.870

to live longer from those likely to live shorter, at least if the
patients have poor performance status.

Guidelines for the interpretation of C statistics [31]
indicate that the models considered in this analysis may not
be comparable with those used in clinical practice. One
possible cause of the relatively poor prognostic ability of all
models considered is that the patient population was limited
to patients with stage IV NSCLC, who would be expected to
die sooner than patients with early-stage NSCLC. Therefore,
stage, which has previously been identified as a significant
prognostic factor for overall survival in patients with
NSCLC [32], could not be used to improve the model.

Of the many available patient-reported measures, we
considered only a few for our retrospective analyses. Ide-
ally, more PRO instruments would have been considered.
Availability of data from the EORTC QLQ-C30 [6], for
instance, would have permitted us to consider the physical
functioning scale, which Braun et al. [32] reported as a
prognostic factor for NSCLC. The ability to verify the
usefulness of EORTC’s physical functioning scale would
have been especially useful in our assessment of the added
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prognostic benefit of PROs after adjustment for ECOG PS,
because Braun et al. did not control for performance status.
Likewise, although we included one single-item measure
(SF-12 general health), it was not the same single-item
measure (overall quality of life) previously shown to be a
significant prognostic factor in NSCLC [11].

Most of the PROs we considered did not meet our cri-
terion for having a significant added benefit, but this might
be because our analysis data set was relatively small,
especially if one considers the ratio of observed deaths to
prognostic factors. Even most of the demographic and
clinical factors were generally not significant. For example,
sex was the non-PRO factor that had the strongest evidence
for being important, but it was not statistically significant
in many of our models even though it was demonstrated to
be a significant prognostic factor in a larger data set [33]. In
addition, all of the patients in this study were treated at a
tertiary cancer center; however, Cleeland et al. [20] showed
that type of treatment site is associated with differences
in symptom management. Further studies should include
patients from different patient populations and treatment
settings, including community clinics and public hospitals,
and should include more PROs.

We do not claim that symptom interference is the best
PRO for use as a prognostic factor in oncology research
and practice. Instead, we note that it demonstrated a sta-
tistically significant effect in a prognostic model in
advanced lung cancer despite a small sample size and
despite adjustments for multiple clinical and demographic
factors. It is especially interesting that symptom interfer-
ence—a patient-reported measure that has not been
extensively studied as a prognostic factor—was more
predictive in our analysis than demographic or clinical
factors and was not redundant in models stratified by
ECOG PS. In fact, the usefulness of the measure seemed to
entirely depend on ECOG PS, suggesting that symptom
interference and clinician-assessed performance status
should be seen as complementary. To our knowledge, the
interactive effect of symptom interference and performance
status as a prognostic factor for overall survival in NSCLC
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has not been previously established. While our results
apply directly to patients with advanced NSCLC, it is
plausible that mean MDASI symptom interference and/or
other PROs could serve as important prognostic factors in
other patient populations, especially for patients with
advanced disease. Hence, the use of the MDASI symptom
interference is encouraged to assist in providing clinicians
with prognostic information in practice.

Some have proposed using PROs as stratifying factors in
clinical trials because of their frequent superiority vis-a-vis
performance status in predicting survival [34]. We agree
that PROs should be considered in randomization strata.
Our findings also suggest that the utility of at least one
PRO as a prognostic factor depends on performance status.
Further attention should be devoted to studying possible
interaction effects between performance status and PROs,
especially symptom interference, in prognostic models. In
addition, future studies should include patients across all
types and stages of cancer.

Acknowledgments The authors acknowledge the editorial support
of Bryan F. Tutt, MA, ELS, of the Department of Scientific Publi-
cations at MD Anderson, and Jeanie F. Woodruff, BS, ELS, of the
Department of Symptom Research at MD Anderson. This project was
supported in part by the National Institutes of Health through MD
Anderson’s Cancer Center Support Grant, Award Number CA016672,
and by Award Number CA026582 from the National Cancer Institute
to Charles Cleeland, PhD. The content is solely the responsibility of
the authors and does not necessarily represent the official views of the
National Cancer Institute or the National Institutes of Health..

Conflict of interest None.

References

1. Cella, D., Riley, W., Stone, A., Rothrock, N., Reeve, B., Yount,
S., et al. (2010). The Patient-Reported Outcomes Measurement
Information System (PROMIS) developed and tested its first
wave of adult self-reported health outcome item banks:
2005-2008. Journal of Clinical Epidemiology, 63(11),
1179-1194.

2. US Food and Drug Administration. (2009). Guidance for indus-
try. Patient-reported outcome measures: Use in medical product
development to support labeling claims. U.S. Department of
Health and Human Services. http://www.fda.gov/downloads/
Drugs/GuidanceComplianceRegulatoryInformation/Guidances/
UCMO71975.pdf. Accessed 31 July 2012.

3. Basch, E. M., Reeve, B. B., Mitchell, S. A., Clauser, S. B.,
Minasian, L., Sit, L., et al. (2011). Electronic toxicity monitoring
and patient-reported outcomes. Cancer Journal (Sudbury, Mass.),
17(4), 231-234.

4. Cleeland, C. S., Mendoza, T. R., Wang, X. S., Chou, C., Harle,
M. T., Morrissey, M., et al. (2000). Assessing symptom distress
in cancer patients: The M.D. Anderson Symptom Inventory.
Cancer, 89(7), 1634-1646.

5. Cella, D. F., Tulsky, D. S., Gray, G., Sarafian, B., Linn, E.,
Bonomi, A., et al. (1993). The Functional Assessment of Cancer
Therapy scale: Development and validation of the general mea-
sure. Journal of Clinical Oncology, 11(3), 570-579.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

. Aaronson, N. K., Ahmedzai, S., Bullinger, M., Crabeels, D.,

Estape, J., Filiberti, A., et al. (1991). The EORTC core quality of
life questionnaire: Interim results of an international field study.
In D. Osoba (Ed.), Effect of cancer on quality of life (pp.
185-203). Boca Raton, FL: CRC Press.

. Aaronson, N. K., Ahmedzai, S., Bergman, B., Bullinger, M., Cull,

A., Duez, N. J., et al. (1993). The European organization for
research and treatment of cancer QLQ-C30: A quality-of-life
instrument for use in international clinical trials in oncology.
Journal of the National Cancer Institute, 85(5), 365-376.

. Ware, J. E, Jr, & Sherbourne, C. D. (1992). The MOS 36-item

short-form health survey (SF-36). I. Conceptual framework and
item selection. Medical Care, 30(6), 473-483.

. Ware, J, Jr, Kosinski, M., & Keller, S. D. (1996). A 12-Item

short-form health survey: Construction of scales and preliminary
tests of reliability and validity. Medical Care, 34(3), 220-233.
Quinten, C., Coens, C., Mauer, M., Comte, S., Sprangers, M. A.,
Cleeland, C., et al. (2009). Baseline quality of life as a prognostic
indicator of survival: a meta-analysis of individual patient data
from EORTC clinical trials. Lancet Oncology, 10(9), 865-871.
Sloan, J. A., Zhao, X., Novotny, P. J., Wampfler, J., Garces, Y.,
Clark, M. M., et al. (2012). Relationship between deficits in
overall quality of life and non-small-cell lung cancer survival.
Journal of Clinical Oncology, 30(13), 1498-1504.

Wang, X. S., Shi, Q., Lu, C., Basch, E. M., Johnson, V. E.,
Mendoza, T. R., et al. (2010). Prognostic value of symptom
burden for overall survival in patients receiving chemotherapy for
advanced nonsmall cell lung cancer. Cancer, 116(1), 137-145.
Mauer, M., Bottomley, A., Coens, C., & Gotay, C. (2008).
Prognostic factor analysis of health-related quality of life data in
cancer: A statistical methodological evaluation. Expert Review of
Pharmacoeconomics & Outcomes Research, 8(2), 179—-196.

. Armstrong, T. S., Vera-Bolanos, E., Gning, 1., Acquaye, A.,

Gilbert, M. R., Cleeland, C., et al. (2011). The impact of symp-
tom interference using the MD Anderson Symptom Inventory-
Brain Tumor Module (MDASI-BT) on prediction of recurrence in
primary brain tumor patients. Cancer, 117(14), 3222-3228.
Hoang, T., Xu, R., Schiller, J. H., Bonomi, P., & Johnson, D. H.
(2005). Clinical model to predict survival in chemonaive patients
with advanced non-small-cell lung cancer treated with third-
generation chemotherapy regimens based on eastern cooperative
oncology group data. Journal of Clinical Oncology, 23(1),
175-183.

Ikeda, M., Okada, S., Tokuuye, K., Ueno, H., & Okusaka, T.
(2001). Prognostic factors in patients with locally advanced
pancreatic carcinoma receiving chemo radiotherapy. Cancer,
91(3), 490-495.

Kim, J. G., Ryoo, B. Y., Park, Y. H., Kim, B. S., Kim, T. Y., Im,
Y. H., et al. (2008). Prognostic factors for survival of patients
with advanced gastric cancer treated with cisplatin-based che-
motherapy. Cancer Chemotherapy and Pharmacology, 61(2),
301-307.

Kim, T. J., Song, S., Kim, C. K., Kim, W. Y., Choi, C. H., Lee, J.
H., et al. (2007). Prognostic factors associated with brain
metastases from epithelial ovarian carcinoma. International
Journal of Gynecological Cancer, 17(6), 1252-1257.

Park, S. R., Kook, M. C., Choi, I. J., Kim, C. G., Lee, J. Y., Cho,
S.J., etal. (2010). Predictive factors for the efficacy of cetuximab
plus chemotherapy as salvage therapy in metastatic gastric cancer
patients. Cancer Chemotherapy and Pharmacology, 65(3),
579-587.

Cleeland, C. S., Mendoza, T. R., Wang, X. S., Woodruff, J. F.,
Palos, G. R., Richman, S. P., et al. (2011). Levels of symptom
burden during chemotherapy for advanced lung cancer: Differ-
ences between public hospitals and a tertiary cancer center.
Journal of Clinical Oncology, 29(21), 2859-2865.

@ Springer


http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM071975.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM071975.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM071975.pdf

2150

Qual Life Res (2013) 22:2143-2150

21.

22.

23.

24.

25.

26.

27.

28.

Mendoza, T. R., Wang, X. S., Lu, C,, Palos, G. R., Liao, Z.,
Mobley, G. M., et al. (2011). Measuring the symptom burden of
lung cancer: The validity and utility of the lung cancer module of
the M. D. Anderson Symptom Inventory. Oncologist, 16(2),
217-227.

Sloan, J. A., Aaronson, N., Cappelleri, J. C., Fairclough, D. L., &
Varricchio, C. (2002). Assessing the clinical significance of sin-
gle items relative to summated scores. Mayo Clinic Proceedings,
77(5), 479-487.

Harrell, F. E, Jr, Lee, K. L., Califf, R. M., Pryor, D. B., & Rosati,
R. A. (1984). Regression modelling strategies for improved
prognostic prediction. Statistics in Medicine, 3(2), 143-152.

R Documentation. (2012). Compute a concordance measure.
http://stat.ethz.ch/R-manual/R-patched/library/survival/html/surv
Concordance.html. Accessed 31 July 2012.

Burr, D. (1994). A comparison of certain bootstrap confidence
intervals in the Cox model. Journal of the American Statistical
Association, 89(428), 1290-1302.

Sauerbrei, W., & Schumacher, M. (1992). A bootstrap resampling
procedure for model building: Application to the Cox regression
model. Statistics in Medicine, 11(16), 2093-2109.

R Core Team. (2012). R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. http://www.R-project.org. Accessed 23 Aug
2012.

Therneau, T. (2012). A package for survival analysis in S. R
package version 2.36-14. The R Project for Statistical Comput-
ing. http://cran.r-project.org/web/packages/survival//survival.pdf.
Accessed 23 Aug 2012.

@ Springer

29.

30.

31.

32.

33.

34.

R Documentation. (2012). Compute a survival curve from a Cox model.
http://stat.ethz.ch/R-manual/R-patched/library/survival/html/survfit.
coxph.html. Accessed 31 July 2012.

Altman, D. G., & Andersen, P. K. (1989). Bootstrap investigation
of the stability of a Cox regression model. Statistics in Medicine,
8(7), 771-783.

Ohman, E. M., Granger, C. B., Harrington, R. A., & Lee, K. L.
(2000). Risk stratification and therapeutic decision making in
acute coronary syndromes. The Journal of the American Medical
Association, 284(7), 876-878.

Braun, D. P., Gupta, D., & Staren, E. D. (2011). Quality of life
assessment as a predictor of survival in non-small cell lung
cancer. BMC Cancer, 11, 353.

Visbal, A. L., Williams, B. A., Nichols, F. C, I. I. I., Marks, R. S.,
Jett, J. R., Aubry, M. C., et al. (2004). Gender differences in non-
small-cell lung cancer survival: An analysis of 4,618 patients
diagnosed between 1997 and 2002. The Annals of Thoracic
Surgery, 78(1), 209-215.

Gotay, C. C., Kawamoto, C. T., Bottomley, A., & Efficace, F.
(2008). The prognostic significance of patient-reported outcomes
in cancer clinical trials. Journal of Clinical Oncology, 26(8),
1355-1363.


http://stat.ethz.ch/R-manual/R-patched/library/survival/html/survConcordance.html
http://stat.ethz.ch/R-manual/R-patched/library/survival/html/survConcordance.html
http://www.R-project.org
http://cran.r-project.org/web/packages/survival//survival.pdf
http://stat.ethz.ch/R-manual/R-patched/library/survival/html/survfit.coxph.html
http://stat.ethz.ch/R-manual/R-patched/library/survival/html/survfit.coxph.html

	Prognostic value of patient-reported symptom interference in patients with late-stage lung cancer
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patients
	Prognostic factors
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


