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Abstract
Background—Postoperative outcomes of patients undergoing laparoscopic-assisted colectomy
(LAC) have shown modest improvements in recovery but only minimal differences in quality of
life (QOL) compared with open colectomy. We therefore sought to assess the effect of LAC on
QOL in the short and long term, using individual item analysis of multi-item QOL assessments.

Methods—QOL variables were analyzed in 449 randomized patients from the COST trial
93-46-53 (INT 0146). Both cross-sectional single-time and change from baseline assessments
were run at day 2, week 2, month 2, and month 18 postoperatively in an intention-to-treat analysis
using Wilcoxon rank-sum tests. Stepwise regression models were used to determine predictors of
QOL.

Results—Of 449 colon cancer patients, 230 underwent LAC and 219 underwent open
colectomy. Subdomain analysis revealed a clinically moderate improvement from baseline for
LAC in total QOL index at 18 months (P = 0.02) as well as other small symptomatic
improvements. Poor preoperative QOL as indicated by a rating scale of ≤ 50 was an independent
predictor of poor QOL at 2 months postoperatively. QOL variables related to survival were
baseline support (P = 0.001) and baseline outlook (P = 0.01).

Conclusions—Eighteen months after surgery, any differences in quality of life between patients
randomized to LAC or open colectomy favored LAC. However, the magnitude of the benefits was
small. Patients with poor preoperative QOL appear to be at higher risk for difficult postoperative
courses, and may be candidates for enhanced ancillary services to address their particular needs.
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The vastly expanded field of laparoscopic surgery now applies to a broad range of diseases
including colon cancer, and several large randomized trials have shown no difference in
recurrence rates and survival for laparoscopic-assisted colectomy (LAC) compared with
open colectomy.1–3 In addition, these studies have demonstrated more rapid postoperative
recovery after LAC, leading to modest reductions in length of stay.1,4–6 The extent to which
these differences translate into meaningful differences in QOL is less clear.

The Clinical Outcomes of Surgical Therapy (COST) study was a randomized controlled trial
initiated by the North Central Cancer Treatment Group and funded by the National Cancer
Institute.1,7 This study addressed the risks, benefits, and oncologic outcome of LAC for
colon cancer, including QOL as well as clinical endpoints.1,7 In the primary analysis of the
COST trial, recurrence and overall survival did not differ between open colectomy versus
LAC, and LAC was associated with a statistically significant reduction in the duration of
postoperative in-hospital analgesia and length of stay.1

An analysis of the QOL outcomes in the COST study through 2 months of follow-up
showed no difference in change scores for pain intensity, a summary symptom scale, a
summary QOL index, and a global rating of QOL (with one exception: the global rating
change from baseline score favored LAC at the 2-week time point).7 Other than pain,
individual items from the symptom scale and QOL index were not evaluated in that analysis,
raising the question of whether differences in specific domains could have been missed.8

Because of the short follow-up at the time of publication, outcomes at 18 months were not
included. While other studies have reported longer-term QOL outcomes, longitudinal
assessments that control for baseline QOL are not available.9,10

The primary analysis of the COST study QOL results focused on treatment comparison, but
recent studies have explored and validated the prognostic value of pretreatment patient self-
reported QOL scores in several advanced malignancies including colorectal cancer.11–13

Other groups have studied the impact of low baseline QOL on survival, and validated QOL
cutoff scores considered clinically deficient, at or below which predicted survival
decreased.14–16

We therefore undertook an analysis of the QOL data from the COST trial to complete the
long-term QOL outcomes of patients randomized to LAC versus open colectomy. We also
sought to determine whether single-item assessments might be more sensitive to differences
between treatment groups than the multi-item scales reported in the original QOL analysis,
to assess factors associated with QOL outcomes, and to evaluate the effect of baseline QOL
on subsequent QOL and survival.8

METHODS
Original Analytical Considerations

The QOL assessment performed during the COST trial 93-46-43 (INT 0146) was conducted
by surveying patients with standardized instruments for assessing symptoms and QOL of
cancer patients including the Symptom Distress Scale (SDS) and QOL index (QLI) plus a
global QOL rating scale after approval by each Institutional Review Board participating in
the study.7 The SDS measures symptom frequency and distress in 11 domains (total of 13
items) on a severity scale of 1 through 5 (higher score indicating poorer QOL).17,18 The QLI
measures QOL in five domains (again with higher score indicating poorer QOL), while the
global rating scale is based on respondents’ quantification of their health in the past 2 weeks
on a scale of 0 to 100 (lower score indicating poorer QOL).19 Throughout the COST trial as
well as this study, the change from baseline scores for the SDS pain scale, the SDS summary
score, the QLI summary score, and the global rating scale values were compared between
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treatment groups using Wilcoxon rank-sum tests separately for each time point. To remain
consistent with the original analysis, all comparisons were performed using intention-to-treat
analyses in which patients were analyzed according to assigned treatment group, either LAC
or open colectomy. Patient characteristics were compared between treatment groups using
Fisher’s exact tests for discrete variables and Wilcoxon rank-sum tests for continuous
variables.

Individual Item Analysis and Supplementary Longitudinal Data
The individual item analysis was carried out for each item of the SDS and QLI using the
same comparative hypothesis testing as the summated scales (Wilcoxon procedures
comparing treatment group QOL variable scores at each time point and change from
baseline scores).

Subsequent to the initial report, supplementary data became available for evaluations
conducted at 18 months postoperatively for the QLI assessment and global QOL rating scale
(SDS was not collected at the 18-month time point), and the same Wilcoxon methods used
in the initial report were carried out to compare the 18-month time point and change from
baseline scores.

Clinical Significance
For this report, to put the various tests of statistical significance in a clinically relevant
context, the clinical significance of each comparison was determined by the effect size
method as described by Cohen.20,21 This method defines clinically significant changes in
QOL in terms of the standard deviation (SD) of baseline QOL scores, with small clinical
significance correlating with effect size of 0.2 to <0.5 SD, medium clinical significance
correlating with effect size of 0.5 to <0.8 SD, and large clinical significance correlating with
effect size ≥0.8 SD.

Factors Influencing Postoperative QOL
A subsequent analysis using stepwise linear regression modeling and stepwise logistic
modeling was undertaken to identify factors influencing postoperative overall QOL and
complications at each time point. Linear regression models were used for predicting the
various continuous QOL variables, while logistic regression modeling was used for
predicting the presence/absence of clinically deficient overall QOL as defined below.
Complications were graded as previously defined in the COST trial.1,22 Each of the
individual items in the SDS, QLI, and global rating scale were used as dependent variables
in separate stepwise linear regression model processes to select baseline variables associated
with assigned treatment group. Variables were included in the model if their entry
significance level was at least 0.10. Separate models were then run for each endpoint and for
values at 2 days, 2 weeks, 2 months, and 18 months from surgery.

QOL Factors Influencing Overall Survival
A survival analysis involving stepwise Cox proportional hazards models was carried out to
estimate the influence of low baseline QOL on overall survival in the COST patients in the
presence of other baseline covariates. Recent studies have explored and validated the
prognostic value of pre-treatment patient self-reported QOL scores in several advanced
malignancies including colorectal cancer, as well as the impact of low baseline QOL on
survival.11–13 Other studies validated QOL cutoff scores considered clinically deficient, at
or below which predicted survival decreased.14–16 In this analysis, a clinically deficient
quality of life score was defined as QOL ≤ 50 (on a 0–100 point scale) as described by Qi et
al.16
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RESULTS
Patient Characteristics

A total of 449 patients in the COST trial (including all patients for whom QOL data were
collected) were included in this study; 230 patients were assigned to the LAC group, while
219 patients underwent open colectomy by assignment. Table 1 provides patient
demographics by assigned treatment group. There were no statistically significant
differences between groups in any of the patient or tumor characteristics assessed. The only
statistically significant difference between groups was that a higher percentage of LAC
patients had a clinically deficient baseline QOL (QOL ≤ 50, 18% versus 11% in the open
colectomy group, P = 0.045). Given the large number of tests done in making the
pretreatment comparisons, this single result is likely spurious.

Effect of Treatment Assignment on QOL at 18 Months
By 18 months after surgery, 31 patients had died. Of the 418 patients remaining, 188 (45%)
patients responded to the QOL index and global rating scale questionnaires. Cross-sectional
comparison of demographics between responders and nonresponders was performed. Patient
characteristics were similar except that patients with stage 3 or 4 disease were less likely to
respond (P = 0.04).

Quality of life analysis was performed using cross-sectional assessments (single-time and
change from baseline) at day 2, week 2, month 2, and month 18. At the 18-month single
time point, the only statistically significant improvements in LAC patients compared with
the open colectomy group were in the global QOL rating and the QLI subdomain of outlook
(Fig. 1a, b). There were no differences between treatment arms in the subdomains of activity
(P = 0.39), daily living (P = 0.47), health (P = 0.57), support (0.53) or total QLI (P = 0.88)
at the 18-month time point (Fig. 1c–g). LAC patients had significantly greater improvement
from baseline to 18 months in global QOL rating (P = 0.02), daily living (P = 0.03), health
(P = 0.02), and total QLI (P = 0.02).

Single-Item Analysis
The intention-to-treat subdomain analysis demonstrated significant differences favoring
LAC in multiple individual items. Table 2 demonstrates the mean QOL subdomain score
with standard deviation, the clinical effect, and the statistical significance at each time point
and change from baseline. The analysis of early postoperative symptoms was not different
between the two groups, with the exception of bowel function which showed a statistically
significant improvement from baseline at 2 days and 2 weeks after surgery for the LAC
group. However, this improvement corresponded to only a small level of clinical
significance at 2 days (effect size of 0.21 SD) but no clinically meaningful significance at 2
weeks (effect size of 0.18 SD). Other small clinical benefits were seen in nausea frequency,
pain frequency, and concentration.

Assignment to the LAC arm was associated with improved scores in several subdomains of
the QLI and in the global rating scale at various time points and change from baseline (Table
3). At single time points, scores for outlook at month 18 and global rating scale at week 2
and month 18 all favored LAC. The most clinically significant item favoring LAC was the
change from baseline to 18 months in total QLI (effect size of 0.77 SD). All other significant
changes from baseline to 18 months demonstrated small clinical significance. As described
in the original COST study publication, the change from baseline to 2 weeks in global rating
scale was also significant in our analysis but not reported in Table 3.7 No single domain in
the SDS, QLI or global QOL rating scale favored open colectomy.
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Regression Models
Stepwise linear and logistic regressions were performed on the variables previously listed to
determine association with better QOL outcomes. Baseline values were the strongest
predictors of all outcomes at each time point through postoperative month 2. LAC treatment
arm and complications were predictors of several outcomes as shown in Table 4. In the early
postoperative period, complications (overall and grade of complication) were particularly
influential in the QOL scores. Interestingly, at 18 months after surgery, complications were
no longer a significant prediction of QOL or any individual subdomain. As expected,
baseline QOL ≤ 50 was associated with significantly worse QOL symptoms such as nausea
frequency, insomnia, fatigue, activity, and overall health at 2 weeks and 2 months. At 18
months, clinically deficient baseline QOL did not significantly predict low overall QOL
(Table 4). While other variables such as individual patient and tumor characteristics were
found to be significant in predicting postoperative QOL, none of these were as consistently
apparent as baseline QOL values. Interestingly, higher disease stage was associated with
poorer findings for several symptoms including health, outlook, and overall QOL at 2
months, but these associations did not remain at 18 months, which may be due to the low
response rate of stage 3 and 4 patients.

Using stepwise logistic regression to determine factors associated with a QOL score ≤50,
only baseline QOL ≤ 50 was significantly associated at 2 weeks and 2 months (P < 0.001)
(Table 5). By month 18, only age predicted QOL ≤ 50 (P = 0.03). The patient’s level of
support did approach significance for predicting QOL ≤ 50 (P = 0.08) at 2 months, but this
resolved by 18 months.

Survival Analysis
Using Cox proportional hazards models, significant predictors of survival were identified.
As expected, patient and disease characteristics of increased age, higher stage of disease,
and poor overall baseline health were associated with shorter survival. Of the QOL
subdomains tested, only baseline outlook [hazard ratio (HR) = 0.58, 95% confidence interval
(CI) 0.38–0.88, P = 0.01] and support (HR = 2.85, 95% CI 1.52–5.35, P = 0.001) were
significantly associated with overall survival. Interestingly, clinically deficient baseline
QOL was not related to overall survival; however, the number of events for those with
clinically significant deficits in QOL was relatively small.

All analyses were also repeated after excluding patients with stage 4 disease, and there were
no meaningful differences in results.

DISCUSSION
Long-Term Follow-Up

Laparoscopic-assisted colectomy has been shown to result in equivalent oncologic outcome
and some benefit with regard to shorter hospital stay, less narcotic use, and better bowel
function.1–6,23,24 However, a clinically important effect on patient QOL has not been clearly
demonstrated.3,7 Our analysis of the 18-month outcomes of the COST trial as well as a new
analysis of single-item scores at early and later time points provides important new, but
essentially confirmatory evidence. In particular, we found that any differences from baseline
between treatment groups at 18 months favored LAC, but the magnitudes of the effects were
predominantly small.

Single-Item Analysis
Subdomain analysis demonstrated significant improvement in both selected short-term
postoperative symptoms and long-term QOL ratings for LAC patients. While baseline OQL
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was significantly better in LAC patients, the true differences or lack thereof were seen in the
change from baseline analysis. These differences are of small clinical magnitude (as defined
by the effect size), but the fact that no subdomain analysis favored open colectomy supports
the previous conclusion that LAC for colon cancer resection is just as suitable, if not more
beneficial, than open colectomy in the appropriately chosen patient. The SDS, QOL index,
and global QOL rating scale all evaluate items which may be of particular importance to
patients within the immediate postoperative time (i.e., pain, nausea, bowel function, daily
living, and overall health). Therefore, subdomain analysis of these tools provides some
insight into the specific benefits patients might experience from laparoscopic surgery.

Factors Influencing Postoperative QOL
Using both global and subdomain analysis, we were able to gain a better understanding of
which variables predict QOL. The impact of complications on overall QOL is somewhat
contrary to what would be expected. While the presence of postoperative complications was
associated with worse symptoms in the short term, there was no measurable effect on overall
QOL. By 18 months, complications were not related to any of the QOL measures,
suggesting that the effects of complications resolved over time.

Surprisingly, baseline QOL was the most important predictor of postoperative overall QOL
and all QOL subdomains. While baseline QOL was not associated with overall survival,
overall QOL, or total QLI, clinically deficient QOL (≤50) was consistently associated with
worse individual symptoms in the immediate postoperative period. Baseline QOL ≤ 50 was
the strongest predictor of QOL ≤ 50 at week 2 and month 2. These findings raise the
question of whether factors such as cancer diagnosis have greater impact on QOL than the
actual surgical approach. Indeed, poor patient QOL status is accompanied by the potential
for increased cost in time and personnel utilization as patients seek medical intervention for
their distress. This suggests that patients with particularly poor preoperative QOL may be at
higher risk for difficult postoperative courses, and might be candidates for enhanced
ancillary services to address their particular needs, regardless of the surgery they will
undergo.

QOL Impact on Survival
Of considerable interest is the finding that baseline outlook and support had a significant
impact on overall survival in this patient population. Although lower baseline outlook was
associated with decreased survival, we can only speculate on the underlying mechanism.
There were only 31 deaths in our study, and unfortunately, our response rate was less than
50% due to patients with higher-stage disease selectively opting out of the 18-month
assessment. However, there is no a priori reason to think that the nonresponse rate biased the
treatment comparison, and the similarity of our 18-month results to those based on higher
response rates at the earlier assessment time points is reassuring.

Nonetheless, these results are provocative. It is possible that patients with poorer outlook are
less compliant or less likely to maintain health and promote behaviors such as exercise, thus
resulting in poorer survival.25 Alternatively, pre-existing, underlying health problems may
affect both outlook and survival. Finally, it is possible that mental attitude has a direct effect
on longevity, perhaps through an effect on the immune system. This hypothesis has been
tested in several studies with conflicting results.26

These findings must be taken in the context of complexities of overall survival analysis,
which include underlying comorbidities and cancer stage. Therefore, a larger analysis needs
to be performed taking into account quality of life, comorbidities, and cancer stage.
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In summary, the 18-month follow-up demonstrates that single-item analysis gives more
insight into the nuances of QOL changes. The new results confirm the results of the first
QOL analysis with the addition of some small clinical benefits favoring LAC. In addition,
those patients presenting with clinically deficient QOL are at risk for a difficult
postoperative course. Identification and early intervention of at-risk patients may result in
improved postoperative outcomes.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.
a Temporal changes in global quality of life (QOL) rating. b Temporal changes in outlook
scores. c Temporal changes in activity scores. d Temporal changes in daily living scores. e
Temporal changes in health scores. f Temporal changes in support scores. g Temporal
changes in total quality of life index (QLI)
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TABLE 1

Patient demographics by treatment arm

LAC (N = 230) OPEN (N = 219) Total (N = 449) P-value

Gender 0.5417

 Female 111 (48%) 112 (51%) 223 (50%)

 Male 119 (52%) 107 (49%) 226 (50%)

Race 0.1678

 Asian 1 (0%) 6 (3%) 7 (2%)

 Black 17 (7%) 19 (9%) 36 (8%)

 Hispanic 10 (4%) 5 (2%) 15 (3%)

 Other 1 (0%) 0 (0%) 1 (0%)

 White 201 (88%) 189 (86%) 390 (87%)

Age (years) 0.3785

 Mean (SD) 68.2 (11.84) 69.5 (10.59) 68.8 (11.25)

 Range (28–96) (38–95) (28–96)

Stage 0.0634

 1 89 (39%) 68 (31%) 157 (35%)

 2 77 (34%) 78 (36%) 155 (35%)

 3 58 (26%) 61 (28%) 119 (27%)

 4 3 (1%) 11 (5%) 14 (3%)

ASA 0.8323

 I and II 198 (86%) 187 (85%) 385 (86%)

 III 32 (14%) 32 (15%) 64 (14%)

Any postoperative complication 0.1763

 No 183 (80%) 185 (84%) 368 (82%)

 Yes 47 (20%) 34 (16%) 81 (18%)

Postoperative complication grade 0.5039

 0 183 (80%) 185 (85%) 368 (82%)

 1 30 (13%) 19 (9%) 49 (11%)

 2 16 (7%) 14 (6%) 30 (7%)

 4 1 (0%) 1 (0%) 2 (0%)

Overall QOL ≤ 50 0.0448

 No 171 (82%) 174 (89%) 345 (86%)

 Yes 37 (18%) 21 (11%) 58 (14%)

ASA American Society of Anesthesiologists

Ann Surg Oncol. Author manuscript; available in PMC 2014 March 09.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stucky et al. Page 11

TA
B

LE
 2

Si
gn

if
ic

an
t S

ym
pt

om
s 

D
is

tr
es

s 
Sc

al
e 

m
ea

n 
va

lu
es

 b
y 

tr
ea

tm
en

t a
rm

a

V
ar

ia
bl

e
L

A
C

 (
SD

)
O

P
E

N
 (

SD
)

T
ot

al
 (

SD
)

E
ff

ec
t 

si
ze

 (
SD

)
P

-v
al

ue

N
au

se
a 

di
st

re
ss

 
B

as
el

in
e

1.
4 

(0
.7

5)
1.

3 
(0

.6
7)

1.
3 

(0
.7

1)
0.

05
61

 
D

ay
 2

1.
6 

(0
.9

1)
1.

6 
(0

.9
2)

1.
6 

(0
.9

1)
0.

29
46

 
W

ee
k 

2
1.

3 
(0

.6
6)

1.
4 

(0
.8

0)
1.

3 
(0

.7
3)

0.
30

39

 
M

on
th

 2
1.

2 
(0

.4
7)

1.
3 

(0
.6

9)
1.

2 
(0

.5
9)

0.
25

0.
03

03

 
Δ

 (
2 

m
on

th
s-

ba
se

lin
e)

−0
.2

 (
0.

75
)

0.
1 

(0
.8

8)
−0

.1
 (

0.
82

)
0.

29
0.

00
48

Pa
in

 f
re

qu
en

cy

 
B

as
el

in
e

1.
8 

(1
.0

5)
1.

8 
(1

.0
8)

1.
8 

(1
.0

7)
0.

58
15

 
D

ay
 2

2.
4 

(1
.0

5)
2.

5 
(1

.1
9)

2.
5 

(1
.1

2)
0.

79
39

 
W

ee
k 

2
1.

8 
(0

.9
5)

1.
9 

(0
.9

3)
1.

9 
(0

.9
4)

0.
44

58

 
M

on
th

 2
1.

4 
(0

.7
6)

1.
6 

(0
.8

8)
1.

5 
(0

.8
2)

0.
21

0.
02

84

 
Δ

 (
2 

m
on

th
s-

ba
se

lin
e)

−
0.

4 
(1

.1
6)

−
0.

2 
(1

.1
8)

−
0.

3 
(1

.1
7)

0.
19

0.
06

11

B
ow

el
 f

un
ct

io
n

 
B

as
el

in
e

1.
9 

(1
.2

3)
1.

8 
(1

.1
3)

1.
9 

(1
.1

9)
0.

10
83

 
D

ay
 2

3.
4 

(1
.6

8)
3.

7 
(1

.6
4)

3.
5 

(1
.6

6)
0.

06
38

 
W

ee
k 

2
1.

9 
(1

.1
9)

2.
0 

(1
.2

5)
2.

0 
(1

.2
2)

0.
36

47

 
M

on
th

 2
1.

7 
(0

.9
7)

1.
7 

(1
.1

7)
1.

7 
(1

.0
7)

0.
49

50

 
Δ

 (
2 

w
ee

ks
-b

as
el

in
e)

1.
5 

(1
.8

4)
1.

8 
(1

.8
7)

1.
6 

(1
.8

6)
0.

21
0.

04
21

 
Δ

 (
2 

w
ee

ks
-b

as
el

in
e)

−0
.1

 (
1.

58
)

0.
2 

(1
.4

5)
0.

1 
(1

.5
2)

0.
18

0.
03

87

 
Δ

 (
2 

m
on

th
s–

ba
se

lin
e)

−
0.

2 
(1

.3
6)

0.
0 

(1
.5

7)
−

0.
1 

(1
.4

6)
0.

20
46

C
on

ce
nt

ra
tio

n

 
B

as
el

in
e

1.
4 

(0
.7

1)
1.

4 
(0

.6
8)

1.
4 

(0
.6

9)
0.

71
43

 
D

ay
 2

1.
7 

(1
.0

6)
1.

7 
(0

.9
9)

1.
7 

(1
.0

2)
0.

84
72

 
W

ee
k 

2
1.

4 
(0

.7
7)

1.
3 

(0
.5

5)
1.

3 
(0

.6
7)

0.
03

53

 
M

on
th

 2
1.

3 
(0

.5
5)

1.
3 

(0
.7

6)
1.

3 
(0

.6
6)

0.
90

89

 
Δ

 (
2 

w
ee

ks
-b

as
el

in
e)

0.
1 

(0
.8

4)
−0

.1
 (

0.
68

)
0.

0 
(0

.7
7)

0.
23

0.
01

28

 
Δ

 (
2 

m
on

th
s-

ba
se

lin
e)

0.
0 

(0
.6

9)
0.

0 
(0

.8
6)

0.
0 

(0
.7

7)
0.

24
07

C
ou

gh

Ann Surg Oncol. Author manuscript; available in PMC 2014 March 09.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stucky et al. Page 12

V
ar

ia
bl

e
L

A
C

 (
SD

)
O

P
E

N
 (

SD
)

T
ot

al
 (

SD
)

E
ff

ec
t 

si
ze

 (
SD

)
P

-v
al

ue

 
B

as
el

in
e

1.
4 

(0
.5

8)
1.

6 
(0

.7
0)

1.
5 

(0
.6

5)
0.

00
03

 
D

ay
 2

1.
6 

(0
.6

4)
1.

6 
(0

.6
7)

1.
6 

(0
.6

5)
0.

65
09

 
W

ee
k 

2
1.

4 
(0

.5
8)

1.
4 

(0
.5

5)
1.

4 
(0

.5
7)

0.
40

50

 
M

on
th

 2
1.

3 
(0

.4
8)

1.
3 

(0
.5

4)
1.

3 
(0

.5
1)

0.
58

13

 
Δ

 (
2 

m
on

th
s-

ba
se

lin
e)

−0
.1

 (
0.

59
)

−0
.2

 (
0.

68
)

−0
.2

 (
0.

64
)

0.
01

57

E
ff

ec
t s

iz
e 

(c
lin

ic
al

 s
ig

ni
fi

ca
nc

e)
: s

m
al

l =
 0

.2
 to

 <
 0

.5
 S

D
; m

ed
iu

m
 =

 0
.5

 to
 <

0.
8 

SD
; l

ar
ge

 ≥
0.

8 
SD

SD
 s

ta
nd

ar
d 

de
vi

at
io

n,
 Δ

 c
ha

ng
e

a H
ig

he
r 

sc
or

es
 in

di
ca

te
 p

oo
re

r 
Q

O
L

Ann Surg Oncol. Author manuscript; available in PMC 2014 March 09.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stucky et al. Page 13

TA
B

LE
 3

Q
ua

lit
y 

of
 li

fe
 in

de
xa  

an
d 

si
gn

if
ic

an
t g

lo
ba

l r
at

in
g 

sc
al

eb  
m

ea
n 

va
lu

es
 b

y 
tr

ea
tm

en
t a

rm

V
ar

ia
bl

e
L

A
C

 (
SD

)
O

P
E

N
 (

SD
)

T
ot

al
 (

SD
)

E
ff

ec
t 

si
ze

 (
SD

)
P

-v
al

ue

D
ai

ly
 li

vi
ng

:

 
B

as
el

in
e

1.
1 

(0
.3

5)
1.

0 
(0

.2
2)

1.
1 

(0
.2

9)
0.

09
87

 
W

ee
k 

2
1.

2 
(0

.5
1)

1.
2 

(0
.5

0)
1.

2 
(0

.5
0)

0.
54

02

 
M

on
th

 2
1.

1 
(0

.3
1)

1.
1 

(0
.3

0)
1.

1 
(0

.3
0)

0.
46

52

 
M

on
th

 1
8

1.
1 

(0
.2

7)
1.

1 
(0

.3
1)

1.
1 

(0
.2

9)
0.

46
65

 
Δ

 (
18

 m
on

th
s-

ba
se

lin
e)

−0
.1

 (
0.

47
)

0.
0 

(0
.3

4)
0.

0 
(0

.4
2)

0.
31

0.
02

64

H
ea

lth

 
B

as
el

in
e

1.
3 

(0
.5

5)
1.

3 
(0

.5
0)

1.
3 

(0
.5

3)
0.

16
64

 
W

ee
k 

2
1.

4 
(0

.5
9)

1.
5 

(0
.5

7)
1.

4 
(0

.5
8)

0.
19

53

 
M

on
th

 2
1.

2 
(0

.4
3)

1.
3 

(0
.5

2)
1.

3 
(0

.4
7)

0.
27

83

 
M

on
th

 1
8

1.
2 

(0
.4

5)
1.

2 
(0

.4
7)

1.
2 

(0
.4

6)
0.

56
65

 
Δ

 (
18

 m
on

th
s-

ba
se

lin
e)

−0
.1

 (
0.

62
)

0.
0 

(0
.5

6)
0.

0 
(0

.6
0)

0.
31

0.
02

18

O
ut

lo
ok

 
B

as
el

in
e

1.
1 

(0
.3

2)
1.

1 
(0

.3
5)

1.
1 

(0
.3

4)
0.

72
35

 
W

ee
k 

2
1.

1 
(0

.3
6)

1.
1 

(0
.3

5)
1.

1 
(0

.3
6)

0.
70

67

 
M

on
th

 2
1.

1 
(0

.3
2)

1.
2 

(0
.4

2)
1.

2 
(0

.3
7)

0.
06

90

 
M

on
th

 1
8

1.
1 

(0
.2

9)
1.

2 
(0

.4
5)

1.
2 

(0
.3

8)
0.

36
0.

01
82

 
Δ

 (
18

 m
on

th
s-

ba
se

lin
e)

0.
0 

(0
.3

3)
0.

1 
(0

.4
8)

0.
0 

(0
.4

1)
0.

07
30

T
ot

al
 Q

L
I

 
B

as
el

in
e

21
.3

 (
14

.8
2)

18
.7

 (
10

.7
0)

20
.1

 (
13

.1
9)

0.
51

56

 
W

ee
k 

2
24

.1
 (

14
.9

8)
24

.9
 (

15
.6

5)
24

.5
 (

15
.2

9)
0.

71
84

 
M

on
th

 2
21

.8
 (

13
.5

8)
21

.3
 (

14
.1

3)
21

.6
 (

13
.8

0)
0.

74
98

 
M

on
th

 1
8

22
.6

 (
18

.5
2)

22
.6

 (
17

.2
1)

22
.6

 (
17

.6
4)

0.
87

86

 
Δ

 (
18

 m
on

th
s-

ba
se

lin
e)

−6
.3

 (
13

.4
2)

5.
5 

(1
7.

01
)

−0
.3

 (
16

.3
0)

0.
77

0.
01

91

G
lo

ba
l r

at
in

g 
sc

al
e

 
B

as
el

in
e

78
.8

 (
18

.6
8)

82
.5

 (
15

.9
9)

80
.6

 (
17

.5
1)

0.
07

59

 
W

ee
k 

2
76

.9
 (

18
.3

7)
74

.4
 (

17
.6

4)
75

.7
 (

18
.0

4)
0.

14
0.

04
73

 
M

on
th

 2
84

.3
 (

16
.2

7)
84

.5
 (

14
.4

0)
84

.4
 (

15
.4

0)
0.

46
38

Ann Surg Oncol. Author manuscript; available in PMC 2014 March 09.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stucky et al. Page 14

V
ar

ia
bl

e
L

A
C

 (
SD

)
O

P
E

N
 (

SD
)

T
ot

al
 (

SD
)

E
ff

ec
t 

si
ze

 (
SD

)
P

-v
al

ue

 
M

on
th

 1
8

87
.3

 (
14

.8
9)

83
.0

 (
18

.6
3)

85
.2

 (
16

.9
3)

0.
26

0.
05

28

 
Δ

 (
18

 m
on

th
s–

ba
se

lin
e)

8.
0 

(1
8.

35
)

1.
4 

(1
8.

50
)

4.
9 

(1
8.

66
)

0.
36

0.
01

90

SD
 s

ta
nd

ar
d 

de
vi

at
io

n,
 Δ

 c
ha

ng
e,

 Q
L

I 
qu

al
ity

 o
f 

lif
e 

in
de

x

a H
ig

he
r 

sc
or

es
 in

di
ca

te
 p

oo
re

r 
Q

O
L

b H
ig

he
r 

sc
or

es
 in

di
ca

te
 b

et
te

r 
Q

O
L

E
ff

ec
t s

iz
e 

(c
lin

ic
al

 s
ig

ni
fi

ca
nc

e)
: s

m
al

l =
 0

.2
 to

 <
 0

.5
 S

D
; m

ed
iu

m
 =

 0
.5

 to
 <

0.
8 

SD
; l

ar
ge

 ≥
0.

8 
SD

Ann Surg Oncol. Author manuscript; available in PMC 2014 March 09.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stucky et al. Page 15

TA
B

LE
 4

Po
st

op
er

at
iv

e 
qu

al
ity

 o
f 

lif
e 

sy
m

pt
om

s 
an

d 
ra

tin
gs

 p
re

di
ct

ed
 b

y 
L

A
C

, c
om

pl
ic

at
io

ns
, a

nd
 Q

O
L

 ≤
 5

0

T
im

e
L

A
C

P
-v

al
ue

C
om

pl
ic

at
io

n
P

-v
al

ue
Q

O
L

 ≤
 5

0
P

-v
al

ue

D
ay

 2
B

ow
el

 h
ab

its
0.

07
C

on
ce

nt
ra

tio
n

0.
02

N
au

se
a 

fr
eq

ue
nc

y
0.

00
5

B
re

at
hi

ng
0.

05
A

pp
ea

ra
nc

e 
(G

)
0.

00
5

N
au

se
a 

di
st

re
ss

0.
00

4

B
re

at
hi

ng
 (

G
)

0.
00

6
C

on
ce

nt
ra

tio
n

0.
06

W
ee

k 
2

A
pp

et
ite

0.
03

T
ot

al
 S

D
S

0.
00

04
T

ot
al

 S
D

S
0.

06

C
on

ce
nt

ra
tio

n
0.

01
N

au
se

a 
fr

eq
ue

nc
y

0.
00

56
N

au
se

a 
fr

eq
ue

nc
y

0.
02

O
ut

lo
ok

0.
04

N
au

se
a 

di
st

re
ss

 (
G

)
0.

00
02

N
au

se
a 

di
st

re
ss

0.
06

O
ve

ra
ll 

Q
O

L
0.

02
A

pp
et

ite
0.

01
A

pp
et

ite
0.

00
9

In
so

m
ni

a
0.

00
5

In
so

m
ni

a
0.

03

Pa
in

 f
re

qu
en

cy
0.

07
Pa

in
 f

re
qu

en
cy

0.
02

Fa
tig

ue
 (

G
)

0.
00

9
Pa

in
 d

is
tr

es
s

0.
02

B
ow

el
 h

ab
its

0.
00

3
Fa

tig
ue

0.
03

C
on

ce
nt

ra
tio

n 
(G

)
0.

00
8

D
ai

ly
 li

vi
ng

0.
10

A
pp

ea
ra

nc
e 

(G
)

0.
00

03
H

ea
lth

0.
01

B
re

at
hi

ng
0.

03

O
ut

lo
ok

0.
03

C
ou

gh
 (

G
)

0.
07

T
ot

al
 Q

L
I

0.
04

A
ct

iv
ity

0.
00

45

D
ai

ly
 li

vi
ng

 (
G

)
0.

00
7

H
ea

lth
0.

00
2

O
ut

lo
ok

 (
G

)
0.

05

O
ve

ra
ll 

Q
O

L
0.

00
2

M
on

th
 2

N
au

se
a 

di
st

re
ss

0.
02

A
pp

et
ite

 (
G

)
0.

00
5

N
au

se
a 

fr
eq

ue
nc

y
0.

04

A
pp

et
ite

0.
04

Pa
in

 f
re

qu
en

cy
0.

09
In

so
m

ni
a

0.
04

Pa
in

 f
re

qu
en

cy
0.

04
Pa

in
 d

is
tr

es
s

0.
03

Fa
tig

ue
0.

01

O
ut

lo
ok

0.
07

A
pp

ea
ra

nc
e 

(G
)

0.
00

9
C

on
ce

nt
ra

tio
n

0.
08

C
ou

gh
 (

G
)

0.
02

B
re

at
hi

ng
0.

08

T
ot

al
 Q

L
I 

(G
)

0.
06

A
ct

iv
ity

0.
00

04

D
ai

ly
 li

vi
ng

 (
G

)
0.

01
H

ea
lth

0.
00

01

Ann Surg Oncol. Author manuscript; available in PMC 2014 March 09.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stucky et al. Page 16

T
im

e
L

A
C

P
-v

al
ue

C
om

pl
ic

at
io

n
P

-v
al

ue
Q

O
L

 ≤
 5

0
P

-v
al

ue

M
on

th
 1

8
O

ut
lo

ok
0.

00
7

O
ve

ra
ll 

Q
O

L
0.

09

O
ve

ra
ll 

Q
O

L
0.

05

Q
O

L
 q

ua
lit

y 
of

 li
fe

, Q
L

I 
qu

al
ity

 o
f 

lif
e 

in
de

x,
 (

G
) 

si
gn

if
ic

an
t c

om
pl

ic
at

io
n 

gr
ad

e

Ann Surg Oncol. Author manuscript; available in PMC 2014 March 09.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stucky et al. Page 17

TABLE 5

Predictive variables for having QOL ≤ 50

Time Predictive variable Odds ratio P-value

Week 2 Baseline QOL ≤ 50 3.72 0.001

Age 1.04 0.03

White 3.99 0.09

Pain frequency 1.33 0.05

Cough 2.00 0.003

Activity 1.53 0.08

Outlook 3.29 0.006

Month 2 Baseline QOL ≤ 50 4.96 0.0004

Support 2.90 0.08

Month 18 Age 1.15 0.03

Activity 2.57 0.07

QOL quality of life
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