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Abstract

Background—Recent reports demonstrate that thoracoscopic lobectomy for lung cancer may be 

associated with lower rates of surgical upstaging. We queried a state-wide cancer registry for 

differences in upstaging rates and survival by surgical approach.

Methods—The Kentucky Cancer Registry (KCR) collects data, including centralized pathology 

reporting, on cancer patients treated statewide. We performed a retrospective review from 

2010-2012 to examine clinical and pathologic stage. We assessed rates of upstaging and whether 

or not the surgical approach, thoracotomy (THOR) versus minimally invasive techniques (VATS), 

had an impact on final pathologic stage and survival.

Results—The KCR database from 2010 to 2012 contained information on 2830 lung cancer 

cases, 1964 having THOR and 500 having VATS resections. Preoperatively, 36.4% of THOR 

were clinically stage 1a vs. 47.4% % VATS (p=0.0002). Of these, final pathologic stage remained 

stage 1a in 30.5% of THOR and 38.0% of VATS (p=0.0002). The overall nodal upstaging rate for 

THOR was 9.9% and 4.8% for VATS (p=0.002). There was decreased nodal upstaging with 

VATS, independent of tumor size and extent of resection (OR 0.6, 95% CI 0.387-0.985, p=0.04). 

However there was improved survival with VATS compared with THOR (HR 0.733, 95% CI 

0.592-0.907, p = 0.0042).

Conclusions—Consistent with other reports, we demonstrate a lower upstaging rate with 

VATS. Nevertheless, there is a survival advantage in VATS patients. Although selection bias may 

play a role in these observed differences, the improved quality of life measures associated with 

VATS, may explain survival improvement despite lower surgical upstaging.
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Introduction

The ideal surgical approach for the treatment of lung cancer is still a matter of debate.[1] 

There are clear advantages to thoracoscopy. Patients experience decreased pain, shorter 

length of stay, quicker return to work, and are more likely to adhere to adjuvant regimens 

when indicated.[2-7] However, several recent papers raise concerns that thoracoscopy 

results in lower rates of nodal upstaging when compared to open surgery.[8-10]

Surgical upstaging reflects the inherent limitations of clinical staging and the sensitivity and 

specificity of the tools which are used.[11] Additionally, it is possible that there may be 

disease progression during the course of workup which in some cases may be delayed for a 

variety of reasons.[12] Although surgical upstaging occasionally represents intraoperative 

findings of pleural invasion or multiple nodules (modification of T stage), intraoperative 

finding of lymph node involvement is the most common reason for upstaging.[8-10, 13]

Kentucky has the nation's highest incidence of and mortality from lung cancer. Age-adjusted 

annual incidence rates are in excess of 150/100,000. [14] With a population of 4.4 million 

and an area of 40,000 mi2 many patients have to travel significant distances to obtain care 

which is provided by two academic medical centers and a large number of busy community 

hospitals and cancer centers. The statewide Kentucky Cancer Registry (KCR) offers an 

opportunity to study cancer incidence, treatment and outcomes in this very diverse and “real 

world” population.

Therefore, we sought to utilize these data to evaluate the primary endpoint of nodal 

upstaging stratified by surgical approach and to explore possible effects on survival.

Patients and Methods

The University of Kentucky institutional review board approved this retrospective review of 

the cancer registry. The Kentucky Cancer Registry (KCR) was instituted in 1986, with 

mandatory reporting by all state hospitals in 1991. The KCR attained NCI/SEER designation 

in 2000. Today, all Kentucky acute-care hospitals, outpatient facilities, and other 

nonhospital facilities participate in the registry. A key component is the cancer patient data 

management system (CPDMS) which is a standardized reporting system. Statewide data is 

collated at KCR, and these data are used for research, and participation in the national 

registries. The data management system includes e-path which allows for near real-time 

reporting of pathology data from participating laboratories throughout the state to the 

centralized cancer registry.

In 2010, a stratification variable was introduced which allowed for comparison of surgical 

approach (thoracoscopy, robot-assisted, conversion, open). We chose to examine registry 
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data between 2010 and 2012 to allow for at least two years of follow-up data for survival. 

The KCR database was linked to external data sources including Kentucky death 

certificates, the national death index, Social Security Administration, and Center for 

Medicaid services.

Cancer records were stratified by surgical approach. Nodal upstaging was defined as cN0 

patients being found to have either pN1 and/or pN2 nodes.

Baseline characteristics included age, gender, clinical staging (c stage, cT, cN, cM and 

tumor size). Operative characteristics included surgical approach, extent of resection, 

pathologic data (p stage, pT, pN, pM), and histology. Measurements also included analysis 

of survival data and extent of resection categorized as anatomic (lobectomy, bilobectomy, 

pneumonectomy), extended anatomic (when additional structures such as chest wall, 

diaphragm, pericardium were involved), segmentectomy, and nonanatomic resections.

Descriptive statistics included mean and standard deviation for normally distributed 

continuous variables, median and interquartile range for non-normally distributed 

continuous variables, and counts and percentages for categorical variables. Univariate 

comparisons used Student's t-test, ANOVA, Chi-Square and Fisher's Exact as appropriate.

Logistic regression was used to measure the association between the occurrence of nodal 

upstaging and the other measured variables. Significant variables were entered into a final 

logistic model to estimate multivariable odds ratios that reflected the risk of nodal upstaging.

Survival analysis was initially conducted using the standard Kaplan-Meier method. This was 

stratified by stage of surgical approach. The individual association of each variable with 

survival was estimated using univariate Cox regression, and significant factors were entered 

into a final multivariable Cox regression model.

Analyses were performed in SAS 9.3 (SAS Institute, Cary NC).

Results

During the study period of 2010 to 2012, there were 2830 lung cancer resections performed 

in the state of Kentucky. Of these, 1964 (69%) were performed open. An additional 134 

(5%) began as a minimally invasive approach and were converted. The remaining cases 

were completed either using conventional thoracoscopy (18%) or robot-assisted (8%).

Baseline characteristics are outlined in Table 1. Overall the cases were similarly distributed 

in terms of age, gender, race and smoking history. Patients who underwent open resections 

had slightly larger tumors (median 25 mm, versus 20 mm, p<0.001) when comparing open 

to minimally invasive patients.

Operative approach was in the form of an anatomic resection in the majority of patients, 

however in the thoracoscopy group there were 31% (149) non-anatomic resections 

compared with 19% (365) in the open group. (Table 1)
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The prevalence of nodal upstaging overall was 8.8%. This represented the finding of pN1 in 

5.5% and pN2 in 3.3%. Nodal upstaging in the thoracoscopy group was only 4.8%, 

compared with 8.6% in the robot-assisted group, and 9.9% in the open group (p=0.002). 

(Table 2)

As there were significantly more wedge resections in the VATS group, we performed an 

additional stratified subgroup analysis excluding wedge resections and extended anatomic 

resections (chest wall) and limiting to clinical stage 1 only. Thoracoscopy had a nodal 

upstaging rate of 9.1% compared with 13.9% for thoracotomy in clinical stage I (Table 5)

Multivariate logistic regression analysis confirmed the findings of the univariate and 

stratified analysis. Thoracoscopy was associated with decreased nodal upstaging, 

independent of tumor size and extent of resection (OR 0.6, 95% CI 0.387-0.985, p=0.04). 

Anatomic resection versus other approaches was also independently associated with nodal 

upstaging (OR 2.6, 95% CI 1.473-4.533, p=0.0009). (Table 3)

Kaplan Meier stratified analysis demonstrated a survival advantage to thoracoscopy in 

pathologic stage 1 tumors. (Figure 1).

Multivariable Cox regression found that thoracoscopic approach was independently 

associated with improved survival (HR 0.733, 95% CI 0.592-0.907, p = 0.0042) while 

controlling for extent of resection, nodal upstaging, and pathologic stage. While nodal 

upstaging did not affect survival, anatomic resection was associated with improved survival 

compared with non-anatomic (HR 0.687, 95% CI 0.575-0.821, p=<.0001). (Table 4)

Comment

Nodal upstaging is a function of both preoperative clinical workup and the intraoperative 

detection of occult nodal disease.[9, 11, 13, 15] Our study finds that thoracoscopy is 

independently associated with lower rates of nodal upstaging. A retrospective study such as 

this cannot infer causality, and rather further highlights the association of decreased nodal 

upstaging which has been demonstrated in other studies.

There exist two scenarios: First, decreased rates of upstaging may not be reflective of 

surgical technique. The difference may represent selection bias as surgeon preference for 

thoracoscopy may favor smaller tumors which are more likely to indeed be node negative. 

We lack sufficient detail in the database to determine the clinical staging methods which 

have been employed, therefore it is possible that patients undergoing thoracoscopy receive a 

more detailed evaluation. The alternative hypothesis however, is that this may represent a 

technical issue with thoracoscopy. Accurate nodal evaluation during thoracoscopy is 

challenging, and commonly the mediastinal dissection is relegated to the end of the case and 

therefore may not receive the same attention to detail as during an open procedure. The 

clinical importance of nodal upstaging is the selection of patients for adjuvant therapy which 

may have an effect on survival.[3, 10, 15]

Positive mediastinal nodes are more likely to be found with larger tumors.[9] Our model for 

nodal upstaging demonstrated an association between increasing tumor size and upstaging. 

Although the overall distribution of tumor sizes was not clinically very different between 
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our VATS and thoracotomy groups, the strength of association between tumor size and 

nodal upstaging was sufficient to be significant in the multivariable model. The benefits of 

thoracoscopy are less clear for larger tumors, and as such surgeons performing minimally 

invasive resection of larger and locally advanced tumors should be careful to be attentive to 

a detailed nodal dissection of these patients were upstaging is likely.

Overall, thoracoscopy is associated with improved survival in pathologic stage I patients. 

This has been demonstrated in other series.[10, 16] The survival advantage is found on 

multivariable analysis to be independent of pathologic stage, extent of resection, and 

histology. It has been shown that thoracoscopy is associated with lower morbidity in older 

patients and those with comorbidities.[4, 5] It is possible that some of the survival benefit is 

due to improved early postoperative survival. However, the Kaplan-Meier curves do 

continue to separate beyond the postoperative period, so this may point to unmeasured 

differences in the populations reflecting selection bias in our data.

Importantly, our data highlights the importance of an anatomic resection in cancer 

survivorship. Anatomic resection is independently associated with improved two year 

survival (HR 0.687, 95% CI 0.575-0.821, p=<.0001). Despite this, 30% of the resections in 

the thoracoscopy group in our series were non-anatomic resections. This practice pattern 

likely reflects the relative ease of performing a thoracoscopic wedge versus a lobectomy. 

Considering our data set is representative of widespread practice throughout the state of 

Kentucky today, these findings indicate that surgeons need to be cognizant of the benefits of 

an anatomic resection regardless of choice of surgical approach.

We chose to separate the conversion and robotic groups from vats and thoracotomy in our 

analysis. There are likely to be confounders in both of these cases which affect upstaging 

rates. These groups were independently analyzed. Although not a primary endpoint of our 

study, we noted that there were higher rates of nodal upstaging in the robotic group. This 

finding is in line with recent work which hypothesized that the ergonomic and visual 

advantages of the robot may facilitate a better lymph node dissection.[17] Likewise, 

upstaging was higher in the converted group, however reasons for conversion are not 

documented. In Kentucky, hilar dissection is made more challenging by the presence of 

histoplasmosis,[18] therefore we cannot be sure if the higher rate of nodal disease in this 

group is related to positive nodes creating a situation of needing to convert, versus 

histoplasmosis causing a conversion and thoracotomy subsequently finding more nodes.

Our study has significant limitations. First, this is a retrospective review of a cancer registry, 

with all of the inherent bias of a retrospective review and the limitations of registry-level 

data. Data validation is a problem which is increasingly recognized with database studies, 

and this was evident in some of the variables which we could not analyze, such as smoking 

history, due to significant missing data. Nevertheless, we are more confident in the 

pathology data, which was our primary endpoint of the study. Second, the outcome of nodal 

upstaging is a relatively rare occurrence with a small effect size. Therefore, our study may 

be underpowered to detect an effect on survival. As the database matures, this effect may 

become more pronounced. Third, comorbidity data are not available. Although the patients 

were matched based on gender and age, unmeasured comorbidities may cause a surgeon to 
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choose one approach over another, or additionally may affect overall survival. While this 

effect may be limited in our two-year follow-up, it is an important consideration for which 

we cannot control. Finally, our follow-up data is limited to two years in this study.

Our study has important strengths in that, as a statewide registry, this represents a census of 

all surgically treated lung cancer patients in the underlying population. The variety of 

practice settings across the state of Kentucky may mean this sample is reflective of “real 

world” thoracic surgery in the United States today.

In summary, nodal upstaging is less likely to occur during thoracoscopy, and more likely to 

occur with larger tumors. Therefore surgeons must be meticulous with N1 dissection, and 

attentive to N2 stations during thoracoscopy. The known advantages to thoracoscopy may be 

responsible for the improved survival seen in the pathologic stage I cohort in this study. 

Whether or not thoracoscopy is appropriate for more advanced stages of disease, and 

whether the advantages persist remains a point of interest and warrants continued 

investigation.
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Figure 1. Overall survival for pathologic stage 1 and 2 lung cancer resections in KY performed 
in 2010 to 2012, stratified by operative approach

Martin et al. Page 8

Ann Thorac Surg. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 9

T
ab

le
 1

D
em

og
ra

ph
ic

s

R
ob

ot
V

A
T

S
M

IS
 C

on
ve

rt
O

pe
n

T
ot

al
p-

va
lu

e

(N
=2

32
)

(N
=5

00
)

(N
=1

34
)

(N
=1

96
4)

(N
=2

83
0)

Se
x

M
al

e
10

1 
(4

3.
5)

22
4 

(4
4.

8)
61

 (
63

.5
)

10
35

 (
52

.7
)

14
36

 (
50

.7
)

<
0.

00
1

Fe
m

al
e

13
1 

(5
6.

5)
27

6 
(5

5.
2)

35
 (

36
.5

)
92

9 
(4

7.
3)

13
94

 (
49

.3
)

R
ac

e
W

hi
te

21
9 

(9
4.

4)
46

3 
(9

2.
6)

90
 (

93
.8

)
18

62
 (

94
.8

)
26

72
 (

94
.4

)
0.

58
7

B
la

ck
12

 (
5.

2)
35

 (
7.

0)
6 

(6
.3

)
96

 (
4.

9)
14

9 
(5

.3
)

Sm
ok

e
m

ed
ia

n 
pa

ck
 y

ea
rs

48
.5

45
.0

42
.5

45
.0

45
.0

0.
38

6

q1
-q

3
30

.0
-6

8.
5

30
.0

-6
0.

0
22

.5
-6

7.
5

30
.0

-6
4.

0
30

.0
-6

3.
0

A
ge

m
ed

ia
n

67
.0

68
.0

65
.0

67
.0

67
.0

0.
04

8

q1
-q

3
61

.0
-7

3.
0

61
.0

-7
4.

5
58

.0
-7

2.
0

59
.0

-7
3.

0
60

.0
-7

3.
0

T
si

ze
m

ed
ia

n 
(m

m
)

20
.5

20
.0

22
.0

25
.0

24
.0

<
0.

00
1

q1
-q

3
15

.0
-3

2.
0

14
.0

-3
2.

0
15

.0
-3

3.
0

17
.0

-4
0.

0
15

.0
-3

7.
0

L
at

er
al

it
y

R
ig

ht
12

1 
(5

2.
2)

26
1 

(5
2.

2)
53

 (
55

.2
)

11
18

 (
56

.9
)

15
79

 (
55

.8
)

0.
15

le
ft

11
1 

(4
7.

8)
23

4 
(4

6.
8)

43
 (

44
.8

)
83

8 
(4

2.
7)

12
38

 (
43

.7
)

E
xt

en
t 

of
N

on
A

na
to

m
ic

38
 (

16
.4

)
14

9 
(3

1.
2)

12
 (

12
.6

)
36

5 
(1

8.
8)

56
6 

(2
0.

4)
<

0.
00

1

Su
rg

er
y

Se
gm

en
t

7 
(3

.0
)

24
 (

5.
0)

3 
(3

.2
)

81
 (

4.
2)

11
5 

(4
.1

)

A
na

to
m

ic
18

6 
(8

0.
2)

30
4 

(6
3.

6)
78

 (
82

.1
)

14
37

 (
74

.1
)

20
40

 (
73

.4
)

E
xt

en
de

dA
na

to
m

ic
1 

(0
.4

)
1 

(0
.2

)
2 

(2
.1

)
55

 (
2.

8)
59

 (
2.

1)

Ann Thorac Surg. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 10

T
ab

le
 2

P
at

ho
lo

gy
 a

nd
 S

ta
gi

ng

R
ob

ot
V

A
T

S
M

IS
 C

on
ve

rt
O

pe
n

T
ot

al
p-

va
lu

e

(N
=2

32
)

(N
=5

00
)

(N
=1

34
)

(N
=1

96
4)

(N
=2

83
0)

H
is

to
lo

gy
A

de
no

13
9 

(5
9.

9)
26

9 
(5

3.
8)

52
 (

54
.2

)
92

4 
(4

7.
0)

14
07

 (
49

.7
)

<
0.

00
1

Sq
ua

m
ou

s
63

 (
27

.2
)

15
8 

(3
1.

6)
22

 (
22

.9
)

75
4 

(3
8.

4)
10

09
 (

35
.7

)

L
ar

ge
10

 (
4.

3)
12

 (
2.

4)
1 

(1
.0

)
64

 (
3.

3)
90

 (
3.

2)

O
th

N
on

Sp
ec

3 
(1

.3
)

17
 (

3.
4)

5 
(5

.2
)

60
 (

3.
1)

85
 (

3.
0)

O
th

Sp
ec

17
 (

7.
3)

43
 (

8.
6)

16
 (

16
.7

)
15

8 
(8

.0
)

23
4 

(8
.3

)

C
lin

ic
al

cS
ta

ge
 1

16
9 

(7
2.

8)
30

9 
(6

1.
8)

60
 (

62
.5

)
11

14
 (

56
.7

)
16

79
 (

59
.3

)
<

0.
00

1

St
ag

e
cS

ta
ge

 2
30

 (
12

.9
)

37
 (

7.
4)

11
 (

11
.5

)
29

4 
(1

5.
0)

37
9 

(1
3.

4)

cS
ta

ge
 3

13
 (

5.
6)

43
 (

8.
6)

7 
(7

.3
)

20
5 

(1
0.

4)
27

0 
(9

.5
)

P
at

ho
lo

gi
c

pS
ta

ge
 1

14
6 

(6
2.

9)
27

6 
(5

5.
2)

48
 (

50
.0

)
97

4 
(4

9.
6)

14
68

 (
51

.9
)

<
0.

00
1

St
ag

e
pS

ta
ge

 2
35

 (
15

.1
)

62
 (

12
.4

)
19

 (
19

.8
)

39
1 

(1
9.

9)
51

6 
(1

8.
2)

pS
ta

ge
 3

22
 (

9.
5)

32
 (

6.
4)

11
 (

11
.5

)
27

2 
(1

3.
8)

34
0 

(1
2.

0)

pS
ta

ge
 4

3 
(1

.3
)

20
 (

4.
0)

3 
(3

.1
)

37
 (

1.
9)

64
 (

2.
3)

In
co

m
pl

et
e 

D
at

a
26

 (
11

.2
)

11
0 

(2
2.

0)
15

 (
15

.6
)

29
0 

(1
4.

8)
44

2 
(1

5.
6)

U
ps

ta
gi

ng
N

od
al

 U
ps

ta
ge

 (
ov

er
al

l)
20

 (
8.

6)
24

 (
4.

8)
9 

(9
.4

)
19

5 
(9

.9
)

24
8 

(8
.8

)
0.

00
2

pN
1 

up
st

ag
e

12
 (

5.
2)

15
 (

3.
0)

6 
(6

.3
)

12
3 

(6
.3

)
15

6 
(5

.5
)

pN
2 

up
st

ag
e

8 
(3

.4
)

9 
(1

.8
)

3 
(3

.1
)

72
 (

3.
7)

92
 (

3.
3)

Ann Thorac Surg. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 11

T
ab

le
 3

L
og

is
ti

c 
re

gr
es

si
on

: 
no

da
l u

ps
ta

gi
ng

U
ni

va
ri

at
e 

re
gr

es
si

on
 e

st
im

at
es

 th
e 

un
ad

ju
st

ed
 o

dd
s 

ra
tio

 (
O

R
) 

be
tw

ee
n 

ea
ch

 v
ar

ia
bl

e 
an

d 
th

e 
ou

tc
om

e 
of

 n
od

al
 u

ps
ta

gi
ng

. M
ul

tiv
ar

ia
te

 r
eg

re
ss

io
n 

es
tim

at
es

 a
dj

us
te

d 
od

ds
 r

at
io

s.

U
ni

va
r 

ia
te

 L
og

is
ti

c
M

ul
ti

v 
ar

ia
te

 L
og

is
ti

c

V
ar

ia
bl

e
O

R
95

%
 C

I
p 

va
lu

e
O

R
95

%
 C

I
p 

va
lu

e

A
ge

pe
r 

ye
ar

0.
99

1
0.

99
7-

1.
00

4
0.

17
55

Se
x

m
al

e 
vs

 fe
m

al
e

0.
90

9
0.

69
0-

1.
19

7
0.

49
67

R
ac

e
O

th
er

 v
s 

w
hi

te
0.

90
8

0.
49

1-
1.

67
7

0.
75

71

Sm
ok

e
pe

r 
pa

ck
 y

ea
r

0.
99

6
0.

98
9-

1.
00

1
0.

08
24

L
at

er
al

it
y

ri
gh

t v
s 

le
ft

1.
02

5
0.

77
6-

1.
35

3
0.

86
16

H
is

to
lo

gy
Sq

ua
m

ou
s

re
f

A
de

no
1.

28
8

0.
95

1-
1.

74
4

0.
10

25

L
ar

ge
0.

97
9

0.
40

8-
2.

34
9

0.
96

17

A
pp

ro
ac

h
O

pe
n

re
f

re
f

M
IS

 C
on

ve
rt

0.
65

7
0.

32
6-

1.
32

4
0.

24
94

0.
62

5
0.

30
9-

1.
26

4
0.

19
09

R
ob

ot
0.

82
1

0.
49

8-
1.

35
3

0.
43

86
0.

82
4

0.
49

8-
1.

36
6

0.
45

33

V
A

T
S

0.
55

3
0.

34
8-

0.
87

6
0.

01
17

0.
61

9
0.

38
7-

0.
98

5
0.

04
32

E
xt

en
t

N
on

an
at

om
ic

re
f

re
f

Se
gm

en
t

0.
71

1
0.

19
9-

2.
53

4
0.

59
87

0.
64

6
0.

18
9-

2.
41

4
0.

54
62

A
na

to
m

ic
2.

84
2

1.
62

9-
4.

95
9

0.
00

02
2.

58
5

1.
47

3-
4.

53
3

0.
00

09

E
xt

en
de

d 
A

na
to

m
ic

2.
31

3
0.

79
2-

6.
75

4
0.

12
51

1.
61

0.
53

9-
4.

80
8

0.
54

62

T
um

or
 S

iz
e

pe
r 

cm
1.

00
9

1.
00

4-
1.

01
3

0.
00

02
1.

00
7

1.
00

2-
1.

01
2

0.
00

45

Ann Thorac Surg. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 12

T
ab

le
 4

Su
rv

iv
al

 A
na

ly
si

s,
 C

ox
 r

eg
re

ss
io

n

U
ni

va
ri

at
e 

co
x 

re
gr

es
si

on
 e

st
im

at
es

 th
e 

un
ad

ju
st

ed
 h

az
ar

d 
ra

tio
 (

H
R

) 
fo

r 
ea

ch
 v

ar
ia

bl
e 

w
hi

le
 m

ul
tiv

ar
ia

bl
e 

co
x 

re
gr

es
si

on
 e

st
im

at
es

 a
dj

us
te

d 
ha

za
rd

 

ra
tio

s.

U
ni

va
ri

at
e 

C
ox

 R
eg

re
s 

si
on

M
ul

ti
v 

ar
ia

te
 C

ox
 R

eg
r 

es
si

on

V
ar

ia
bl

e
H

R
95

%
 C

I
p 

va
lu

e
H

R
95

%
 C

I
p 

va
lu

e

A
ge

pe
r 

ye
ar

1.
02

5
1.

01
8-

1.
03

2
<

0.
00

01
1.

02
9

1.
02

1-
1.

03
7

<
.0

00
1

Se
x

m
al

e 
vs

 fe
m

al
e

1.
58

6
1.

38
0-

1.
82

4
<

0.
00

01
1.

41
4

1.
22

7-
1.

63
0

<
.0

00
1

R
ac

e
w

hi
te

 v
s 

bl
ac

k
1.

46
7

1.
03

0-
2.

08
9

0.
03

36

Sm
ok

e
pe

r 
pa

ck
 y

ea
r

1.
00

3
1.

00
1-

1.
00

4
0.

00
21

L
at

er
al

it
y

ri
gh

t v
s 

le
ft

1.
00

9
0.

88
3-

1.
15

3
0.

89
66

H
is

to
lo

gy
Sq

ua
m

ou
s

re
f

A
de

no
0.

79
1

0.
68

3-
0.

91
7

0.
00

18

L
ar

ge
1.

10
5

0.
76

4-
1.

59
6

0.
59

67

A
pp

ro
ac

h
O

pe
n

re
f

re
f

M
IS

 C
on

ve
rt

0.
88

2
0.

64
3-

1.
21

0
0.

60
34

0.
95

3
0.

69
3-

1.
30

9
0.

76
25

R
ob

ot
0.

84
3

0.
64

8-
1.

09
6

0.
20

21
0.

96
8

0.
74

3-
1.

26
1

0.
80

81

V
A

T
S

0.
73

2
0.

59
4-

0.
90

2
0.

00
34

0.
73

3
0.

59
2-

0.
90

7
0.

00
42

E
xt

en
t

N
on

an
at

om
ic

re
f

re
f

Se
gm

en
t

0.
79

3
0.

55
5-

1.
13

3
0.

20
23

0.
81

6
0.

57
1-

1.
16

6
0.

26
5

A
na

to
m

ic
0.

74
6

0.
62

8-
0.

88
6

0.
00

08
0.

68
7

0.
57

5-
0.

82
0

<
.0

00
1

E
xt

en
de

d 
A

na
to

m
ic

1.
53

9
1.

04
3-

2.
26

9
0.

02
98

1.
14

7
0.

76
9-

1.
71

0.
50

12

N
od

al
 U

ps
ta

gi
ng

vs
 n

on
e

1.
48

7
1.

21
7-

1.
81

7
0.

00
01

T
um

or
 S

iz
e

pe
r 

cm
1.

00
7

1.
00

5-
1.

00
8

<
0.

00
01

pS
ta

ge
I

re
f

re
f

Ann Thorac Surg. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 13

U
ni

va
ri

at
e 

C
ox

 R
eg

re
s 

si
on

M
ul

ti
v 

ar
ia

te
 C

ox
 R

eg
r 

es
si

on

V
ar

ia
bl

e
H

R
95

%
 C

I
p 

va
lu

e
H

R
95

%
 C

I
p 

va
lu

e

II
1.

52
1.

27
9-

1.
80

7
<

0.
00

01
1.

56
7

1.
30

4-
1.

88
2

<
.0

00
1

II
I

2.
73

2.
29

7-
3.

24
5

<
0.

00
01

2.
79

4
2.

30
1-

3.
39

2
<

.0
00

1

IV
4.

44
9

3.
28

4-
6.

02
9

<
0.

00
01

4.
53

3.
31

5-
6.

19
1

<
.0

00
1

Ann Thorac Surg. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 14

T
ab

le
 5

N
od

al
 U

ps
ta

gi
ng

 R
at

es
, C

om
pa

ri
so

n.
 I

n 
th

is
 ta

bl
e 

w
e 

ex
cl

ud
e 

th
os

e 
pa

tie
nt

s 
fr

om
 o

ur
 d

at
a 

w
ho

 u
nd

er
w

en
t w

ed
ge

 r
es

ec
tio

ns
 o

r 
ex

te
nd

ed
 a

na
to

m
ic

 

re
se

ct
io

ns
 a

nd
 li

m
it 

to
 c

lin
ic

al
 s

ta
ge

 1
 o

nl
y.

R
ef

er
en

ce
A

pp
ro

ac
h

n
cN

0-
pN

1
cN

0-
pN

2
O

ve
ra

ll

B
of

fa
 2

01
2[

9]
T

ho
ra

co
to

m
y

7,
13

7
9.

3%
5.

0%
14

.3
%

V
A

T
S

4,
49

4
6.

7%
4.

9%
11

.6
%

L
ic

ht
 2

01
3[

10
]

T
ho

ra
co

to
m

y
79

6
13

.1
%

11
.5

%
24

.6
%

V
A

T
S

71
7

8.
1%

3.
8%

11
.9

%

M
er

ri
tt 

20
13

[1
9]

T
ho

ra
co

to
m

y
69

17
.4

%
7.

2%
24

.6
%

V
at

s
60

8.
3%

1.
8%

10
.1

%

W
ils

on
 2

01
4[

17
]

R
ob

ot
ic

30
2

6.
6%

4.
3%

10
.9

%

C
ur

re
nt

 S
tu

dy
T

ho
ra

co
to

m
y

79
7

8.
2%

5.
8%

13
.9

%

V
A

T
S

18
7

5.
9%

3.
2%

9.
1%

R
ob

ot
ic

13
0

6.
9%

6.
2%

13
.1

%

Ann Thorac Surg. Author manuscript; available in PMC 2017 January 01.


