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Abstract

Background—Visceral pleural invasion (VPI) is used as an indicator of adverse prognosis in 

non-small cell lung carcinoma (NSCLC). The purpose of this retrospective study was to evaluate 

the impact of VPI on disease-free survival (DFS) and overall survival (OS) in patients with node-

negative NSCLC.

Methods—Between 1998 and 2009, 1166 patients with pathological N0M0 NSCLC underwent 

surgical resection by lobectomy. 214 patients with VPI were compared to 952 without.

Results—Median follow-up was 59 months. In multivariate analysis, VPI, larger tumor size, 

older age, female gender, and poor performance status were significantly associated with 

decreased OS. In contrast, larger tumor size, female gender, and poor performance, but notably not 

VPI, were associated with decreased DFS. After examining interactive effects of VPI and T 

subgroups, we found that VPI did not significantly affect either OS or DFS in the subgroups of 

patients with smaller tumor sizes T1a, T1b, or T2a. In contrast, a deleterious effect of VPI on DFS 

was seen for tumors > 5cm, T2b and T3, with the VPI-T3 interaction effect on DFS being 

statistically significant but not for OS.

Conclusions—The effect of VPI on survival in NSCLC varies greatly with tumor size, with VPI 

not strongly associated with OS or DFS in tumors less than 5cm, but showing large negative 

effects on DFS for T2b and T3 tumors. Using VPI to upstage T1 tumors to a higher T category is 

not warranted, since it would misrepresent these VPI-T subgroup effects.
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Introduction

The leading cause of cancer-related mortality in the United States is lung cancer [1]. 

Visceral pleural invasion (VPI) has been recognized for the past several decades as an 

indicator of adverse prognosis in non-small cell lung cancer (NSCLC), and it has been 

included in the TNM staging systems as a factor that should upstage the T factor [2-5]. 

However, standard definitions and pathologic evaluations of VPI have made it difficult to 

characterize, and its role in the T factor remains controversial [5]. The use of elastic stains 

has been recommended to uniformly define VPI, along with the adoption of a standard 

system for classification of VPI based on the Hammar system [5-7], but currently these 

practices are not widely used.

In the International Association for the Study of Lung Cancer's (IASLC) 7th edition of the 

TNM classification system for lung cancer, 18,198 patients comprised the cohort for the T 

component. However, there were insufficient patient numbers, inconsistent clinical and 

pathologic results, and a lack of validation to include VPI and other T descriptors in the 

analysis [3]. The identification of survival differences at tumor size cut points 2, 3, 5, and 

7cm was the basis for the categorization of tumor size into T1a, T1b, T2a and T2b, but 

because of the aforementioned inability to sufficiently analyze VPI in this cohort, the 

presence of VPI continues to upstage tumors ≤ 3cm to T2 [3]. In addition to its association 

the T factor, VPI is thought to be strongly associated with lymph node metastases [8-10], but 

it has no role in the N factor of the TNM staging systems.

The purpose of the study reported here was to evaluate the impact of VPI on survival in 

patients with node-negative NSCLC using a North American patient population. In order to 

focus on the relationship between VPI and the T factor, we chose to exclude patients with 

lymph node metastases. Excluding nodal disease as well as atelectasis, lobar consolidation 

and tumors within 2 cm of the carina allowed us to eliminate other confounders of prognosis 

[11].

Patients and Methods

We retrospectively reviewed a prospectively maintained database for patients undergoing 

thoracic surgery in our center. The study was approved by the MD Anderson Institutional 

Review Board, with individual consent waived owing to the retrospective nature of the 

study.

From 1998 to 2009, 1166 patients with pathological N0M0 NSCLC underwent surgical 

resection at our center. No patients received neoadjuvant chemotherapy or radiation therapy. 

All resections were R0 and included lobectomy only. Patients with previous lung cancer 

were excluded. The histologic diagnoses included Adenocarcinoma, Adenosquamous, 

Squamous cell carcinoma, Bronchioalveolar carcinoma (BAC), and other NSCLC.

Patient demographics, performance status, pathology reports, and imaging findings were 

gathered from this database and other institutional records. Overall survival (OS) was 

calculated from the date of operation to the last known date of follow-up. Disease-free 

survival (DFS) was calculated from the date of operation to the date of diagnosis of 
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recurrence and was further classified as local, regional or distant. One patient was lost to 

follow up shortly after surgery. In 38 patients, recurrence data were not available.

VPI was defined by any distortion of the Pleural elastic layer by malignant cells and we did 

not differentiate between the degree of invasion (PL1 vs. 2).

Statistical Methods

Association of pleural invasion with categorical variables was assessed by the Fisher Exact 

test and its generalizations [12]; and with continuous variables by the Wilcoxon rank sum 

test [13]. Unadjusted distributions for OS and DFS were estimated using the method of 

Kaplan and Meier [14] and compared between subgroups using the log rank test [15]. 

Several distributional forms for regression of OS and DFS on covariates were assessed, 

including the Weibull, lognormal, log-logistic, exponential, and gamma. Goodness-of-fit 

was assessed using smoothed Martingale residual plots on age and tumor size, the 

Grambsch-Therneau test [16], and the Bayes Information Criterion [17]. Because the 

Kaplan-Meier plots appear to suggest that the event (death or progression) rate (Figure 1) 

and the death rate (Figure 2) decreased over time, and that these decreases may have been 

different depending on tumor size and VPI, we also fit Weibull regression models to assess 

this, allowing the Weibull shape parameter to vary with (tumor size, VPI). Values of a 

Weibull shape parameter >1, =1, or < 1 correspond, respectively, to an increasing, constant 

(exponential distribution), and decreasing hazard over time. While the shape parameter 

estimates went from values > 1 for small tumors to values < 1 for large tumors, most of 

these estimates did not differ significantly from 1. Consequently, we did not adopt this more 

complex model, but instead concluded that regression models with exponentially distributed 

OS time and DFS time fit the data best. All event time regression models were fit using the 

servreg function of the CRAN survival package in R [18]. Patients were categorized into 

tumor size groups based on the pathologic tumor size of the AJCC 7th edition staging system 

for lung cancer [3].

Results

Patient Characteristics

There were 1166 patients who underwent lobectomy for pathologic N0M0 NSCLC from 

January 1998 to December 2009. Two hundred fourteen (18%) were found to have VPI. 

Patient demographics and preoperative factors are listed in Table 1. VPI was found to be 

significantly associated with both tumor size and histology, with patients having 

adenocarcinoma or other non-squamous histology more likely to have pleural invasion 

(Table 2). Patients with tumors larger than T1a were more likely to have VPI. The mean 

tumor size was 3.6cm in patients with VPI and 3.0cm in patients without VPI (p<0.0001).

Regression Analyses of Survival and Disease –Free Survival

Median follow-up was 59 months (Min 5 days, Max 156 months). The fitted multivariable 

regression model for OS showed that worse survival was significantly associated with older 

age, VPI, larger tumor size, poor performance status (PS), and female gender (Table 3). The 

fitted model for DFS (Table 4) showed that shorter DFS was significantly associated with 
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larger tumor size, poor PS, and female gender, but that VPI was not significant (p = 0.181). 

Simple two-subgroup comparisons to assess the effects of VPI versus no VPI on OS and 

DFS, while ignoring all other covariates, showed significant harmful VPI effects for both 

outcomes. Median OS was 89.6 months for patients with VPI versus 127.1 months for 

patients without VPI, p=0.007, while median DFS was 62.9 months in patients with VPI and 

107.76 in patients without VPI, p=0.018. Since the VPI effect on DFS in the multivariate 

model was not significant, we wondered whether this large disagreement between the one-

variable and multivariable effects of VPI on DFS might be due to a possible interaction 

between VPI and tumor size. Such an interactive effect is strongly suggested graphically by 

the Kaplan-Meier plots in Figure 1, and also numerically by the Kaplan-Meier-based 

estimates of 48-month DFS and OS given in Table 5. To assess this, we fit extended 

versions of the two regression models summarized in Tables 3 and 4 that included four 

additional interactive effects of VPI and tumor size, for DFS and for OS. The estimated VPI-

tumor size interactive effects on DFS, summarized in Table 6, show much larger estimates 

for the VPI-T2b and VPI-T3 interactions, with the latter statistically significant in that the 

upper 95% confidence limit is below 0. For DFS, these analyses implicate VPI as being 

harmful for patients with tumor size T2b, very harmful for patients with tumor size T3, but 

not harmful for patients with tumor sizes T2a or smaller.

We did not get the same large and significant effects for the VPI-T2b and VPI-T3 

interactions for OS as we obtained for DFS. One can observe from the KM plots of OS 

(Figure 2) that the general pattern is actually the same for OS, but the magnitudes of the 

VPI-T2b and VPI-T3 interactions effects are smaller than for DFS, probably due to limited 

sub-sample sizes. In other words, for OS the effects of VPI were not significant.

Patterns of recurrence

Sixteen percent of patients without VPI had a recurrence compared to 20% in the VPI group 

(p=0.58). The pattern of tumor recurrence for patients with VPI was similar to the one of 

patients without VPI with no difference in the rate of local, regional and distal recurrences.

Comments

VPI remains a controversial and important clinical factor for thoracic surgeons, medical 

oncologists, and radiation oncologists treating patients with NSCLC. Here we have 

presented our experience with VPI in the context of N0M0 NSCLC with the aim to better 

characterize the impact of VPI and the T factor of TNM staging systems on patient 

outcomes. Our data demonstrate a survival advantage for patients with tumors ≤ 2cm with or 

without VPI, suggesting that these patients should not be upstaged to T2 tumors. The key 

finding is that VPI and tumor size appear to have interactive effects on DFS, with VPI 

significantly harmful only for the larger tumor sizes T2a and T3. In an effort to achieve a 

homogenous cohort, we chose to exclude patients who had resections other than lobectomy 

and thus eliminate confounders for OS and DFS related to incomplete resection or larger 

tumors that required larger resection. Given the limitations of our database, we were unable 

to identify patients who were treated with adjuvant therapy, but this should only have 

impacted the patients with larger tumor sizes. Very few series have excluded patients with 

nodal metastases as we chose to do, in order to closely examine the relationship between 
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tumor size and VPI, but this limited the size of our cohort. In addition, routine elastic 

staining is not performed at our institution and pathologic evaluation of VPI is assessed only 

by hematoxylin and eosin (H&E) staining analysis, and not using the Hammar classification 

system.

The majority of data examining the impact of VPI on survival come from Asian series, 

where elastic staining is routine, which makes direct comparison between our data and these 

series difficult. Shimizu et al. examined 1074 pathologic specimens of T1/2 NSCLC and 

found a survival advantage for patients with tumors ≤ 3cm without VPI over tumors with 

VPI [8]. However, they did not segregate the patients with tumors ≤ 2cm. Yoshida et al. 

analyzed nearly 10,000 patients and separated the groups by tumor size using the AJCC 7th 

edition staging system and included patients with nodal metastases [9]. They suggested that 

T status in tumors of < 7cm with VPI, should be upgraded to the next T level.

Very few series have looked specifically at the relationship between VPI and tumor size in 

early-stage NSCLC. Results from the prospective multicenter ACOSOG trial Z0030 suggest 

that there is a significant link between tumor size and VPI for tumors >3cm [11]. Larger 

tumors, whether associated with VPI or not, are more prone to nodal and distant metastases 

and have a worse prognosis. Intuitively, one would imagine that patients whose prognosis is 

altered by the presence of VPI should have a pattern of recurrence that is different than 

patients with no VPI such as a higher rate of pleural metastatic disease but we did not 

observe such association.

Yoshida and al have also suggested an increased rate of nodal disease associated with VPI 

[9]. They reported in their series that half of the patients with VPI who had nodal disease 

had a T3 tumor or a tumor larger than 7cm making it impossible to differentiate whether 

nodal disease is a factor of size or pleural invasion.

Finally, the paper may give a mixed message as to the effect of VPI on OS. In the fitted 

multivariable exponential regression model summarized in Table 3, the effect of pleural 

invasion is significant (p=0.029). However looking at the 95% CI data in Table 6 the effect 

of VPI disappeared. The likely explanation is that the effects being estimated in Table 6 are 

tumor size-VPI interactive parameters. Hence, they are a second order effects. In contrast 

the significant VPI effect in Table 3 is a main effect, not an interaction. The effect on nodal 

disease, recurrence and survival from VPI may just be a reflection of its association with 

larger tumor size and not an independent negative effect by the VPI itself.

Conclusion

VPI and tumor size have different, but closely related effects on OS and DFS in NSLC. For 

DFS, VPI is harmful for patients with T2b, very harmful for patients with T3, and not 

harmful for patients with smaller tumors. This VPI-T interaction could not be observed for 

OS. Consequently, VPI should not be used to modify tumor size categories. In tumors of 

equal or less than 5cm, using VPI as a poor risk factor is not warranted.
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Figure 1. Kaplan Meier survival plots for disease free survival for each T group
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Figure 2. Kaplan-Meier survival plots for overall survival for each T group
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Table 1
Patient Demographics

Factor Frequency (percent)

Gender

 M 564 (48.4%)

 F 602 (51.6%)

Recurrence

 No 997 (85.5%)

 Yes 169 (14.5%)

Histology

 Adenocarcinoma 645 (55.3%)

 Squamous cell carcinoma 281 (24.1%)

 Other Non-small cell 240 (20.6%)

Zubrod Performance status

  Normal activity 627 (53.8%)

  Symptoms, but nearly fully ambulatory 524 (44.9%)

  Some bed time, but needs to be in bed < 50% of normal day 15 (1.3%)

Pleural Invasion

 No 952 (81.6%)

 Yes 214 (18.4%)

Tumor Size (pathologic)

 T1a 418 (35.8%)

 T1b 328 (28.1%)

 T2a 267 (22.9%)

 T2b 102 (8.7%)

 T3 51 (4.4%)

Ann Thorac Surg. Author manuscript; available in PMC 2015 March 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

David et al. Page 10

T
ab

le
 2

T
um

or
 s

iz
e,

 h
is

to
lo

gy
, a

nd
 p

er
fo

rm
an

ce
 s

ta
tu

s,
 d

ic
ho

to
m

iz
ed

 b
y 

pl
eu

ra
l i

nv
as

io
n

C
ov

ar
ia

te
L

ev
el

s
N

o 
P

le
ur

al
 I

nv
as

io
n

N
 (

co
lu

m
n 

%
)

P
le

ur
al

 I
nv

as
io

n
N

 (
co

lu
m

n 
%

)
T

ot
al

F
is

he
r'

s 
ex

ac
t 

te
st

T
um

or
 s

iz
e

T
1a

36
4(

38
.2

%
)

54
(2

5.
2%

)
41

8(
35

.8
%

)
<

0.
00

1

T
1b

27
3(

28
.7

%
)

55
(2

5.
7%

)
32

8(
28

.1
%

)

T
2a

20
2(

21
.2

%
)

65
(3

0.
4%

)
26

7(
22

.9
%

)

T
2b

76
(8

%
)

26
(1

2.
1%

)
10

2(
8.

7%
)

T
3

37
(3

.9
%

)
14

(6
.5

%
)

51
(4

.4
%

)

H
is

to
lo

gy
A

de
no

ca
rc

in
om

a
49

8(
52

.3
%

)
14

7(
68

.7
%

)
64

5(
55

.3
%

)
<

0.
00

1

Sq
ua

m
ou

s 
ce

ll 
ca

rc
in

om
a

23
9(

25
.1

%
)

42
(1

9.
6%

)
28

1(
24

.1
%

)

O
th

er
 N

on
-s

m
al

l c
el

l
21

5(
22

.6
%

)
25

(1
1.

7%
)

24
0(

20
.6

%
)

Z
ub

ro
d

N
or

m
al

52
2(

54
.8

%
)

10
5(

49
.1

%
)

62
7(

53
.8

%
)

0.
12

1

so
m

e 
sy

m
pt

om
s

42
0(

44
.1

%
)

10
4(

48
.6

%
)

52
4(

44
.9

%
)

<
 5

0%
 o

f 
tim

e 
in

 b
ed

10
(1

.1
%

)
5(

2.
3%

)
15

(1
.3

%
)

Ann Thorac Surg. Author manuscript; available in PMC 2015 March 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

David et al. Page 11

T
ab

le
 3

M
ul

ti
va

ri
ab

le
 e

xp
on

en
ti

al
 r

eg
re

ss
io

n 
m

od
el

 f
or

 o
ve

ra
ll 

su
rv

iv
al

es
ti

m
at

e
sd

z
H

R
95

%
 C

I 
L

ow
er

95
%

 C
I 

U
pp

er
p 

va
lu

e

(I
nt

er
ce

pt
)

7.
82

0.
38

20
.6

A
ge

 (
ea

ch
 5

 y
rs

)
-0

.1
73

0.
02

64
-6

.5
7

1.
19

1.
13

1.
25

<
0.

00
1

Pl
eu

ra
l I

nv
as

io
n 

(y
es

.v
s.

no
)

-0
.2

71
0.

12
4

-2
.1

9
1.

31
1.

03
1.

67
0.

02
9

T
um

or
 S

iz
e

 
T

1a
 (

ba
se

lin
e 

gr
ou

p)
-

-
-

1.
0

-
-

 
T

1b
-0

.2
98

0.
13

7
-2

.1
7

1.
35

1.
03

1.
76

0.
03

0

 
T

2a
-0

.4
81

0.
13

8
-3

.4
8

1.
62

1.
23

2.
12

<
0.

00
1

 
T

2b
-0

.7
68

0.
17

7
-4

.3
4

2.
16

1.
52

3.
05

<
0.

00
1

 
T

3
-0

.8
92

0.
22

1
-4

.0
3

2.
44

1.
58

3.
77

<
0.

00
1

Pe
rf

or
m

an
ce

 s
ta

tu
s:

 s
om

e 
sy

m
pt

om
s 

vs
. n

or
m

al
-0

.2
72

0.
10

3
-2

.6
4

1.
31

1.
07

1.
61

0.
00

8

Pe
rf

or
m

an
ce

 s
ta

tu
s:

 <
 5

0%
 o

f 
tim

e 
in

 b
ed

 v
s.

 n
or

m
al

-1
.0

9
0.

30
5

-3
.5

6
2.

97
1.

63
5.

4
<

0.
00

1

G
en

de
r 

F 
vs

. M
0.

32
5

0.
10

4
3.

14
0.

72
2

0.
59

0.
88

5
<

0.
00

1

H
is

to
lo

gy
: S

qu
am

ou
s 

vs
. A

de
no

ca
rc

in
om

as
-0

.2
03

0.
12

1
-1

.6
8

1.
22

0.
96

7
1.

55
0.

09
3

H
is

to
lo

gy
: O

th
er

 n
on

-s
m

al
l c

el
l v

s.
 A

de
no

ca
rc

in
om

as
-0

.0
72

2
0.

13
4

-0
.5

37
1.

07
0.

82
6

1.
4

0.
59

2

Ann Thorac Surg. Author manuscript; available in PMC 2015 March 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

David et al. Page 12

T
ab

le
 4

M
ul

ti
va

ri
ab

le
 e

xp
on

en
ti

al
 r

eg
re

ss
io

n 
m

od
el

 f
or

 d
is

ea
se

 f
re

e 
su

rv
iv

al

es
ti

m
at

e
sd

z
H

R
95

%
 C

I 
L

ow
er

95
%

 C
I 

U
pp

er
p 

va
lu

e

(I
nt

er
ce

pt
)

6.
01

1
0.

54
11

.1
34

A
ge

 (
ea

ch
 5

 y
ea

rs
)

-0
.0

48
0.

03
8

-1
.2

78
1.

05
0.

97
4

1.
13

1
0.

20
1

Pl
eu

ra
l I

nv
as

io
n 

(y
es

.v
s.

no
)

-0
.2

49
0.

18
6

-1
.3

37
1.

28
2

0.
89

1
1.

84
6

0.
18

1

T
um

or
 S

iz
e

 
T

1a
 (

ba
se

lin
e 

gr
ou

p)
-

-
-

1.
0

-
-

 
T

1b
-0

.2
24

0.
20

5
-1

.0
93

1.
25

1
0.

83
7

1.
86

9
0.

27
4

 
T

2a
-0

.8
2

0.
19

4
-4

.2
22

2.
27

1
1.

55
2

3.
32

4
<

0.
00

1

 
T

2b
-0

.5
99

0.
28

5
-2

.1
03

1.
82

1
1.

04
2

3.
18

4
0.

03
5

 
T

3
-1

.2
17

0.
34

3
-3

.5
49

3.
37

6
1.

72
4

6.
61

1
<

0.
00

1

Pe
rf

or
m

an
ce

 s
ta

tu
s:

 s
om

e 
sy

m
pt

om
s 

vs
. n

or
m

al
-0

.0
61

0.
15

5
-0

.3
95

1.
06

3
0.

78
5

1.
44

1
0.

69
2

Pe
rf

or
m

an
ce

 s
ta

tu
s:

 <
 5

0%
 o

f 
tim

e 
in

 b
ed

 v
s.

 n
or

m
al

-1
.5

21
0.

36
-4

.2
24

4.
57

7
2.

26
9.

27
1

<
0.

00
1

G
en

de
r 

F 
vs

. M
0.

31
3

0.
15

4
2.

03
6

0.
73

1
0.

54
1

0.
98

8
0.

04
2

H
is

to
lo

gy
: S

qu
am

ou
s 

vs
. A

de
no

ca
rc

in
om

as
0.

00
9

0.
18

8
0.

04
7

0.
99

1
0.

68
6

1.
43

2
0.

96
3

H
is

to
lo

gy
: O

th
er

 n
on

-s
m

al
l c

el
l v

s.
 A

de
no

ca
rc

in
om

as
0.

09
2

0.
20

3
0.

45
2

0.
91

2
0.

61
2

1.
35

9
0.

65
1

Ann Thorac Surg. Author manuscript; available in PMC 2015 March 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

David et al. Page 13

Table 5

Estimate of disease free survival rate and overall survival rate at 48 month with 95% CI by T-stage and pleural 

invasion status based on Kaplan-Meier estimates.

48 month disease free survival rate 95% CI 48 month survival rate 95% CI

No PI With PI No PI With PI

T1a 0.795 (0.734,0.861) 0.708 (0.526,0.952) 0.840 (0.795,0.877) 0.814 (0.669,0.900)

T1b 0.752 (0.681,0.831) 0.713 (0.516,0.986) 0.766 (0.706,0.815) 0.654 (0.495,0.774)

T2a 0.591 (0.495,0.707) 0.599 (0.431,0.833) 0.698 (0.626,0.759) 0.595 (0.453,0.712)

T2b 0.759 (0.635,0.907) 0.642 (0.446,0.924) 0.633 (0.508,0.735) 0.500 (0.299,0.672)

T3 0.708 (0.507,0.988) 0.225 (0.047,1.000) 0.479 (0.297,0.641) 0.469 (0.192,0.707)
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Table 6

Estimates of visceral pleural invasion (VPI)_effects within T-stage subgroups based on extended exponential 

regression models including VPI-tumor size interaction terms.

Estimate of effect (95%CI)

Tumor Size DFS OS

T1a -0.063 (-0.914, 0.788) -0.115 (-0.678, 0.448)

T1b -0.187(-0.992, 0.618) -0.269(-0.743, 0.205)

T2a -0.016(-0.633, 0.601) -0.375(-0.790, 0.040)

T2b -0.379(-1.327, 0.569) -0.007(-0.635,0.621)

T3 -1.753(-2.940,-0.566) -0.074(-0.935,0.787)
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