Integrating Health Status and Survival Data
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Rationale: In studies that address health-related quality of life (QoL)
and survival, subjects who die are usually censored from QoL
assessments. This practice tends to inflate the apparent benefits of
interventions with a high risk of mortality. Assessing a composite
Qol-death outcome is a potential solution to this problem.
Objectives: To determine the effect of lung volume reduction surgery
(LVRS) on a composite endpoint consisting of the occurrence of
death or a clinically meaningful decline in QoL defined as an increase
of at least eight points in the St. George's Respiratory Questionnaire
total score from the National Emphysema Treatment Trial.
Methods: In patients with chronic obstructive pulmonary disease and
emphysema randomized to receive medical treatment (n = 610) or
LVRS (n = 608), we analyzed the survival to the composite endpoint,
the hazard functions and constructed prediction models of the slope
of QoL decline.

Measurements and Main Results: The time to the composite endpoint
was longer in the LVRS group (2 years) than the medical treatment
group (1 year) (P < 0.0001). It was even longer in the subsets of
patients undergoing LVRS without a high risk for perioperative
death and with upper-lobe-predominant emphysema. The hazard
for the composite event significantly favored the LVRS group,
although it was most significant in patients with predominantly
upper-lobe emphysema. The beneficial impact of LVRS on QoL
decline was most significant during the 2 years after LVRS.
Conclusions: LVRS has a significant effect on the composite Qol-
survival endpoint tested, indicating its meaningful palliative role,
particularly in patients with upper-lobe-predominant emphysema.
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Lung volume reduction surgery (LVRS) improves the
chances of survival in some patients with advanced em-
physema. The effects of LVRS on patients’ health-related
quality of life adjusted for the survival time has received
less attention.

What This Study Adds to the Field

This study demonstrates the beneficial effect of LVRS on
a composite endpoint consisting of the occurrence of death or
a clinically meaningful decline in quality of life. The benefit
was even stronger in LVRS subsets of patients without high
risk for perioperative death and with upper-lobe—predomi-
nant emphysema. The results indicate that LVRS provides
a meaningful palliative effect beyond the survival benefit.

Keywords: chronic obstructive pulmonary disease; outcome assess-
ment; palliative care; quality of life; survival, emphysema

The choice of methods and endpoints to use in evaluating the
quality of life (QoL) trajectory requires careful consideration in
chronic obstructive pulmonary disease (COPD). Patients who
die during the period of observation from QoL assessments are
often censored, as if their outcomes were neither good nor bad
(1). Censoring may inflate the apparent benefits of treatment
interventions that are associated with increased mortality, such
as lung volume reduction surgery (LVRS) (1). One possible
solution to this problem is to use a composite endpoint that
combines mortality and QoL. For our study, we created
a composite endpoint that consisted of the occurrence of death
or a clinically meaningful decline in QoL. We tested the effect
of LVRS on the selected composite endpoint in patients with
severe emphysema who participated in the National Emphy-
sema Treatment Trial (NETT) (2, 3) to define a more meaning-
ful representation of the benefits of the procedure on QoL
(palliative effect). Some of the results of these studies have been
previously reported in the form of an abstract (4).

METHODS

Database

The design and methods of the NETT have been described previously
(2, 5). Briefly, the 1,218 patients with severe emphysema who partic-



240 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 180 2009

ipated in the NETT underwent pulmonary rehabilitation and then were
randomized to receive continued medical treatment or LVRS. The 610
patients in the medical treatment group (38% female) and the 608
patients in the LVRS group (42% female) were asked to complete
several measures, including St. George’s Respiratory Questionnaire
(SGRQ), no more than 3 weeks before randomization (baseline) and at
multiple points after randomization (6 mo, 12 mo, and once per year up
to 5 y). During the follow-up period, the patients’ vital status was
assessed through regular phone calls and confirmed in the Social
Security death index.

Patients were classified according to predefined parameters in terms
of their differential risk of mortality. The initial analysis of NETT data
with 24 months of follow-up (2) showed two parameters that were
relevant for defining a group in which LVRS produced a survival
advantage: (/) emphysema distribution by computed tomography
predominantly upper-lobe emphysema versus non-upper-lobe pre-
dominant emphysema and (2) exercise capacity (high vs. low, measured
in watts). High exercise capacity was defined as a maximum workload
achieved during an incremental cycle ergometry study of more than
40 W for men and more than 25 W for women at the postrehabilitation
baseline. In our analyses, we used these same definitions (2). A later
analysis of NETT data showed a modest but significant benefit of
LVRS on survival in all patients without high risk for perioperative
mortality at Year 5 of follow-up (3). That report included an analysis of
the beneficial effects of LVRS on disease-specific QoL measures at
specific time points not adjusted for differential mortality between
treatment groups (3).

The group defined as “high risk” of perioperative mortality
emerged from the recommendation of the Data and Safety Monitoring
Board after interim analysis of the data. This group is characterized by
the presence of a FEV; value of no more than 20% of the predicted
value and the presence of a homogeneous distribution of emphysema
on computed tomography or a carbon monoxide diffusing capacity that
was no more than 20% of the predicted value (2, 6).

Endpoints of Interest

Using the same criteria used in NETT (2, 3), we considered a meaning-
ful decline in a patient’s total score on the SGRQ as an increase in at
least eight points in the SGRQ score. Eight points represents an un-
questionable and meaningful deterioration in QoL (twice a previously
identified minimal clinically important difference) (7, 8). The SGRQ
version used was the American-English language version with 1-year
recall that has a range of scores from 0 to 100 (0 = best; 100 = worst),
whereby a drop in score represents an improvement and an increase
a worsening.

In our analysis, we considered three endpoints: (/) the occurrence of
death, (2) the occurrence of a clinically meaningful decline in QoL, and
(3) a composite of the two. We defined the time to decline in QoL as the
time to the first observance of at least an eight-point increase in SGRQ
(worsening QoL). We defined the time to the composite endpoint as the
time until the patient experienced a decline or died, whichever occurred
first. This composite endpoint was the main outcome of this study. We
used this endpoint to retrospectively examine data from patients in the
NETT (2,3) who were randomized to receive continued medical therapy
or medical therapy plus LVRS and were followed for up to 5 years. The
other two component endpoints were included to compare the in-
dependent influence of LVRS on QoL and death. We censored patients
at the earlier follow-up time when a differential follow-up existed for the
two components of the composite outcome.

All data except death dates were measured at the scheduled
interview time points (time of randomization, 6-month follow-up, and
yearly follow-up). Therefore, we performed discrete failure time
analyses to investigate time from randomization to the QoL endpoints
for the following samples of patients: all patients in the study, patients
without a high risk of perioperative mortality, and the four previously
defined subsets of patients (predominantly upper-lobe emphysema and
high exercise capacity, predominantly upper-lobe emphysema and low
exercise capacity, non-upper-lobe predominant emphysema and high
exercise capacity, and non—upper-lobe predominant emphysema and
low exercise capacity), excluding the high-risk subgroup. The P values
for the subgroup analyses were adjusted using the Bonferonni multiple
comparison procedure.

We used mixed models to study the progression of QoL over time.
Knowing the QoL trajectory in individuals who have different clinical
characteristics and have undergone LVRS can help healthcare pro-
viders and patients weigh the risks and benefits of this type of surgery
and make appropriate decisions concerning whether it should be
pursued in particular cases.

Statistical Analyses

We used discrete time analysis to describe the failure probability from
the time of randomization until the occurrence of an at least eight-
point increase in the total SGRQ score or death in each treatment
group (the medical treatment group and the LVRS group). To
compare the failure probabilities of the two treatment groups, we used
the generalized Wilcoxon test.

To study the natural progression of QoL over time, we used mixed
hierarchical models. We fit several functional forms, including poly-
nomials and piecewise polynomials, to select a model that best
captured the variation over time. To take possible heterogeneity
among patients into account, we included random intercepts and
random slopes and tested the significance of these effects.

Because the data involved missing information, we conducted
a sensitivity analysis using the method of simultaneously modeling
progression of QoL over time and time to missing data.

RESULTS

Patient Characteristics

Of the 1,218 patients in the NETT trial, 610 received continued
medical therapy, and 608 underwent LVRS. The two treatment
groups had similar characteristics at baseline (i.e., after pulmo-
nary rehabilitation but before randomization) (Table 1).

Endpoints

In the total sample of patients, the median time to the
composite event was significantly shorter in the medical treat-
ment group (1 y) than in the LVRS group (2 y) (P < 0.0001)
(Table 2). In three of the subsets of patients, based on
emphysema distribution and exercise capacity, the difference
between the medical treatment group and the LVRS group was
also highly significant (Table 2).

Figure 1 shows the discrete failure functions for the com-
posite endpoint (solid lines) and for mortality alone (dotted
lines) in the total sample and in all subsets of the sample. These
curves indicate that patients receiving LVRS, particularly those
with upper-lobe—predominant emphysema, had combined QoL

TABLE 1. SOCIODEMOGRAPHIC AND CLINICAL
CHARACTERISTICS OF PATIENTS AT
BASELINE (RANDOMIZATION)

Medical Treat-

ment Group LVRS Group
(n=610) (n = 608)
Characteristic Mean SD Mean SD
Age, years 67.2 5.9 67.0 6.3
FEV4, % of predicted value 26.7 7.0 26.8 7.4
Residual volume, % of predicted value 223.3 48.9 220.5 49.9
Dico, % of predicted value 28.4 9.7 28.3 9.7
Maximum workload, watts 39.4 22.2 38.7 21.1
Distance walked in 6 min, meters 368.8 96.3 367.9 94.6
St. George’s Respiratory Questionnaire 53.6 12.7 52.5 12.6
(total score)

Quality of Well-Being Questionnaire 0.53 0.11 0.55 0.12

(total score)
UCSD Shortness of Breath Questionnaire 63.4 18.5 61.6 18.1
(total score)

Definition of abbreviations: LVRS = lung volume reduction surgery; UCSD =
University of California at San Diego.
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TABLE 2. DISCRETE SURVIVAL TIMES (IN MONTHS) TO THE
COMPOSITE EVENT (THE OCCURRENCE OF DEATH OR AN
AT LEAST EIGHT-POINT INCREASE IN THE TOTAL SCORE
ON ST. GEORGE'S RESPIRATORY QUESTIONNAIRE)

Median Time to the
Composite

Patient Group n Endpoint (mo) P Value
All randomized patients <0.0001
Medical treatment 610 12
LVRS 608 24
All patients without “high risk” <0.0001
for perioperative mortality
Medical treatment 540 12
LVRS 538 24
Upper lobe predominant, high <0.0001
exercise capacity
Medical treatment 213 12
LVRS 206 24
Upper lobe predominant, low <0.0001
exercise capacity
Medical treatment 151 12
LVRS 139 24
Non-upper lobe predominant, 0.35
high exercise capacity
Medical treatment 111 12
LVRS 109 24
Non-upper lobe predominant, 0.13
low exercise capacity
Medical Treatment 65 12
LVRS 84 12

Definition of abbreviation: LVRS = lung volume reduction surgery.

and survival benefits that exceeded the survival benefits alone,
suggesting a slowing of the rate of deterioration.

Hazard Ratios

The hazard of reaching each endpoint was determined for the
medical treatment group and the LVRS group. Figure 2 shows
the results of the hazard ratios (HRs) in the total sample and in
all subsets of the sample. If the HR of LVRS to medical
treatment was less than 1, it favored the LVRS group. If it was
greater than 1, it favored the medical treatment group. The
asterisks on the different periods indicate statistical significance
(P < 0.05).

In each case, two endpoints were modeled separately: time
to a decline in QoL (gray line) and time to the composite event
(black line). For time to the composite event, the HR favored
LVRS in the non-high risk group. The first 6 months favored
the medical treatment group, most likely driven by the peri-
operative mortality. The effect of LVRS was significant in the
upper-lobe—predominant emphysema groups but was not sig-
nificant in the non—upper-lobe predominant emphysema groups.
There was a nonsignificant increase in the HR in the fourth and
fiftth year in the upper-lobe-predominant emphysema low-
exercise group that is most likely related to the very low
number of subjects in that population at the time of follow-up.

For time to a decline in QoL alone, the HR favored the
LVRS group during all 5 years of follow-up, although the effect
began to diminish 2 years after randomization.

Observed and Predicted Changes in Quality of Life over Time

For the total sample and all subsets of the sample, the observed
SGRAQ scores are shown in Table E1A of the online supple-
ment, the scores predicted by mixed models with random
intercepts and random slopes are shown in Table E1B, and
the scores predicted by mixed models with random intercepts
are shown in Table E1C. The ML-based likelihood ratio tests
revealed that the mixed models with random intercepts and
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random slopes were the most appropriate, so our main analyses
were based on them.

The medical treatment group demonstrated an increase of
five to six points over time in the observed and predicted SGRQ
scores over the initial 4 years after randomization (a change of
four points was the minimal clinically important difference for
the SGRQ instrument) (8). In the LVRS group, the observed
and predicted scores showed a significant decrease in the initial
year after surgery, consistent with an improvement of QoL. The
trend thereafter was in the direction of an increase toward the
baseline value. However, only in the two non-upper-lobe
predominant emphysema subsets (the high-exercise-capacity
and low-exercise-capacity groups) did the final score achieve
a worse QoL than at baseline.

Figure 3 shows the predicted changes in total SGRQ scores,
based on the mixed models with random intercepts and random
slopes. For the medical treatment group (black line) and the
LVRS group (gray line), testing showed that the slope was
constant after year 3 in the total sample and all subsets.
Therefore, the final models were linear for each yearly follow-
up interval (piecewise).

For the first 2 years, the slopes were significantly steeper in the
LVRS group than in the medical treatment group (P < 0.01) (Figure
3). For the LVRS group, this reflected a significant improvement
in QoL in the first year and then a trend toward the baseline in
the second year. After the third year, there was no significant
difference between the slopes of the two groups (P = 0.10).

Although the SGRQ includes data on emotional factors and
activity, it does not take age and gender into account. When we
tested whether age and gender were independent predictors of
QoL, we found that neither of these factors was a significant
predictor of improvement in the LVRS group during the first year,
the period that accounted for most of the palliative effect of LVRS.

To investigate the effect of missing data, we compared the
results from two approaches: (/) the mixed hierarchical models
and the simultaneous models of QoL progression and (2) time
to missing data. The point estimates and the inference tests of
the QoL progression were similar using these two approaches.
Therefore, the modeling results of QoL progression indicated
above were not sensitive to the missing information.

DISCUSSION

Our study demonstrated the beneficial impact of LVRS on
a composite outcome that integrates QoL and survival data of
patients who had severe emphysema and participated in the
NETT. Although the NETT has previously demonstrated (2, 3)
that LVRS offers a survival advantage to patients, we have
extended these findings by observing that LVRS further offers
a palliative effect in these patients by effecting a significant and
clinically meaningful improvement in QoL trajectory and that
this improvement is most profound in the initial year after LVRS.

We further extended previous QoL analyses of NETT
subjects by creating a composite endpoint that accounts for
death events, thus accounting for the benefits and risks of LVRS.
In our assessment, we used an at least eight-point increase in the
total SGRQ score as an indication of a clinically meaningful
decline in QOL. The eight-point unit change selected is arbitrary
(albeit conservative) and not a product of a formal statistical
methodology. Although the four-point threshold has been
accepted as a minimal clinically important difference (8), we
chose the more robust eight-point threshold because of the
nonblinded nature of the NETT trial and the unquestionable
significance of an eight-point difference when testing a highly
invasive intervention. The original NETT publications also
supported the eight-point threshold for its analyses.
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Figure 1. Probability of reaching the composite event (CE) or mortality for the lung volume reduction surgery (LVRS) or medical treatment groups.
Failure functions, shown as the proportion of patients developing the event over time, in the following samples of patients: (A) All patients in the
study. (B) Patients without high risk of perioperative mortality. (C) Patients without high risk for perioperative mortality, upper-lobe-predominant
emphysema, and high exercise capacity. (D) Patients without high risk for perioperative mortality, upper-lobe-predominant emphysema, and low
exercise capacity. (E) Patients without high risk for perioperative mortality, non-upper-lobe predominant emphysema, and high exercise capacity.
(F) Patients without high risk for perioperative mortality, non—upper-lobe predominant emphysema, and low exercise capacity. Solid lines relate to
the composite event, which is the occurrence of death or the occurrence of at least an eight-point increase in the total score on St. George's
Respiratory Questionnaire, whichever happened first. Gray solid lines represent the medical treatment group, and black solid lines represent the LVRS
group. Dotted lines represent the previously reported results of survival analysis for the same sets of patients (n = 9) and are included for comparison.
The P value in the upper left corner of each panel refers to the value found when Wilcoxon tests were used to compare the failure functions for the
composite event in the medical treatment group with those in the LVRS group. The number at risk refers to the number at risk for the composite
event. The failure functions are described for death alone and for the composite event.
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Figure 2. Hazard ratio (HR) of lung volume reduction surgery (LVRS) to medical treatment for decline of at least a nine-point increase in the total
St. George's Respiratory Questionnaire (SGRQ) score or composite event. Discrete hazard ratios are shown for the following samples of patients: (4) All
patientsin the study. (B) Patients without a high risk of perioperative mortality. (C) Patients without high risk for perioperative mortality, and with upper-
lobe—predominant emphysema, and high exercise capacity. (D) Patients without high risk for perioperative mortality, upper-lobe—predominant
emphysema, and low exercise capacity. (E) Patients without high risk for perioperative mortality, non-upper-lobe predominant emphysema, and
high exercise capacity. (F) Patients without a high risk for perioperative mortality, non-upper-lobe predominant emphysema, and low exercise
capacity. Black lines indicate HRs for the composite event, which is the occurrence of death or the occurrence of an at least eight-point or higher
increase in the total score on the SGRQ, whichever happened first. Gray lines indicate HRs for an at least eight-point increase in the total SGRQ score
only. An HR of greater than one favors the medical treatment group for the specific endpoint, and an HR of less than one favors the LVRS group for

the specific endpoint. *Statistical significance (P < 0.05).

The failure probability curves in Figure 1 document large
differences between the LVRS group and the medical treatment
group in the composite occurrence of death or a clinically
meaningful decline in QoL. The beneficial effects of LVRS
become more apparent and more pronounced with the com-
posite endpoint analysis compared with an analysis using solely
mortality as the endpoint. The benefit for the composite

endpoint in the subset of patients with upper-lobe—predominant
emphysema and high exercise tolerance is most noteworthy in
that a beneficial effect in this group could not be identified using
a mortality analysis alone (3).

The results of the HRs for the composite outcome and for
the decline of at least eight points in the SGRQ (Figure 2)
conclusively demonstrate the palliative effect of LVRS. These
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Figure 3. Predicted progression of total scores measured in St. George’s Respiratory Questionnaire (SGRQ) for the following samples of patients: (A)
All patients in the study. (B) Patients without a high risk of perioperative mortality. (C) Patients without high risk for perioperative mortality,
and with upper-lobe-predominant emphysema and high exercise capacity. (D) Patients without a high risk for perioperative mortality, upper-
lobe—predominant emphysema, and low exercise capacity. (E) Patients without a high risk for perioperative mortality, non-upper-lobe predominant
emphysema, and high exercise capacity. (F) Patients without a high risk for perioperative mortality, non-upper-lobe predominant emphysema, and
low exercise capacity. Black lines indicate predicted total SGRQ scores for the lung volume reduction surgery (LVRS) treatment group. Gray lines

indicate predicted total SGRQ scores for the medical group.

analyses show that LVRS tends to significantly decrease the risk
of developing a profound decline in QoL (HR < 1) in the total
sample of patients with severe emphysema and in all subsets
except those who have non-upper-lobe predominant emphy-
sema and a high risk for perioperative mortality.

We believe that our analysis represents the longest trajectory
analysis of QoL in patients with severe emphysema with or
without LVRS. Other reports have documented QoL in severe
emphysema from different series, including NETT, but at

specific time points, without modeling QoL progression over
time (9-11). The documentation of the progression of QoL in
the well-screened and well-characterized NETT patient popu-
lation should prove particularly helpful in understanding health
status progression due to severe emphysema because this
population is less confounded by the presence of comorbidities
that could dominate any assessment of QOL.

Our study showed that mean SGRQ scores (observed and
predicted) were stable in the medical group during the first 4
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years and improved in the fifth year (Table E1 of the online
supplement). That response could be explained by the survival
bias effect and has been previously described with respect to
lung function (12) and QoL (13) in cohorts of patients with
severe COPD. Our results differ from those of the Inhaled
Steroids in Obstructive Lung Disease in Europe (ISOLDE)
study, which reported a decline of 3.2 points per year (14). The
ISOLDE cohort was significantly less compromised than the
NETT cohort, and thus the difference in response was probably
influenced less by survival bias effect. In addition, our study
showed that the QoL trajectory in the medical group differed
significantly from that in the LVRS group (Figure 3). The
LVRS group demonstrated a meaningful improvement in QoL
(more than eight points) in the first year after surgery. Although
this was followed by a trend toward the baseline, the trajectory
for the LVRS group remained clinically and statistically differ-
ent than that of the medical treatment group in the second year
and throughout the 5-year period. The authors of an earlier
study of patients with moderate to severe COPD found that
a four-point increase was associated with a 12.9% increase in
COPD-related mortality at 3 years of follow-up (13). Although
the slopes of decline for the LVRS and medical treatment
groups differed during the first 2 years, the slopes did not differ
thereafter. These findings confirm a palliative effect of LVRS,
with initial improvement of QoL and subsequent maintenance
of the improvement over time.

This analysis has several limitations. First, the absence of
cardiovascular comorbidities in the NETT cohort represents
a limitation in terms of generalizability of the results to patients
with ongoing cardiac disease. Second, the inability to blind
patients to the treatment received may have affected the sub-
jective QoL measurements and was the reason for choosing an
unquestionable QoL difference of eight points as part of the
composite outcome. Finally, we recognize a limitation in the
assumption made in the creation of the composite outcome,
which arbitrarily considered an eight-point increase in the SGRQ
total score as equivalent to death to make an event. Because
a strong motivation for patients to undergo such serious surgery is
in fact preservation of QoL, such increases in SGRQ score almost
certainly represent a serious negative event (13, 15).

The methodology that we used to analyze time-sensitive
variables that include unquestionably clinically important dif-
ferences may become more accepted in the future as a practical
and clinically oriented approach to time-dependent analysis of
clinical trial outcomes.

We believe that the inclusion of QoL in assessments of
LVRS provides further support for the role of this surgical
intervention in the clinical care of patients with severe emphy-
sema. QoL measures are highly relevant to patient choices and
confirm the rationale for using LVRS as a palliative tool. Our
findings are relevant for recommending LVRS for patients with
upper-lobe-predominant emphysema and in particular those
with high exercise capacity, a subset of patients in whom the
survival benefits may be marginal but in whom the combined
survival and QoL benefits are pronounced.
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