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Background:

U.S. Preventive Services Task Force (USPSTF) lung cancer screening guidelines 

recommend annual computed tomography (CT) screening for current or former smokers 

(“ever-smokers”) aged 55 to 80 years with 30 or more pack-years of smoking and no more 

than 15 years since quitting (1). These criteria aim to improve the balance of benefits and 

harms of CT screening. However, using risk models to select ever-smokers for screening 

may be more effective and efficient (2). The USPSTF is considering recommending use of 

externally validated models (3) for screening. Although lung cancer risk models have been 

validated (4), their risk thresholds are based on historical data. Given large reductions in 

smoking over time, the current performance of these thresholds is unclear.

Note: The Lung Cancer Death Risk Assessment Tool was previously proposed in a manuscript coauthored by Drs. Cheung, Berg, 
Chaturvedi, and Katki.
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Three risk thresholds have been proposed to screen no more ever-smokers than would be 

screened according to the USPSTF guidelines yet potentially save more lives. National 

Comprehensive Cancer Network (NCCN) guidelines (version 1.2019) recommend screening 

ever-smokers with 6-year lung cancer risk of 1.3% or higher according to the Prostate, Lung, 

Colorectal, and Ovarian Cancer Screening Trial Model 2012 (PLCOM2012) (5). This 

threshold (“≥1.3%-NCCN”) selects the same proportion of ever-smokers as application of 

the USPSTF criteria to the PLCO (5). The same authors (5) also proposed 6-year lung 

cancer risk of 1.51% or higher according to the PLCOM2012 (“≥1.51%-PLCOM2012”) as 

being more efficient than the USPSTF criteria because this method limits screening to at 

least the 65th percentile of risk in PLCO ever-smokers and would screen fewer PLCO 

participants than the USPSTF criteria. Another proposal found that 5-year risk for lung 

cancer death of at least 1.2% according to the Lung Cancer Death Risk Assessment Tool 

(LCDRAT) (“≥1.2%-LCDRAT”) (2) would allow screening of the same number of ever-

smokers as application of the USPSTF guidelines to the U.S.-representative 2010-2012 

NHIS (National Health Interview Survey) yet potentially save more lives.

Objective:

To evaluate these proposed risk-based thresholds for screening eligibility versus USPSTF 

guidelines on the number of ever-smokers selected, effectiveness (number of lung cancer 

deaths prevented), efficiency (number needed to screen [NNS] to prevent 1 death), and the 

number of false positive screening results per prevented death (FPPDs).

Methods and Findings:

We used the 2005 and 2015 NHIS to estimate the number of ever-smokers aged 50 to 80 

years who were eligible for lung cancer screening according to the ≥1.3%-NCCN, ≥1.51%-

PLCOM2012, and ≥1.2%-LCDRAT risk thresholds. For each threshold, we used empirical 

modeling methods (2) to estimate screening effectiveness, screening efficiency, and FPPDs 

for a screening program akin to the NLST (National Lung Screening Trial) (3 annual CT 

lung screenings and 5 years of follow-up). We used the survey package in R, version 3.5.1 

(R Foundation for Statistical Computing), for statistical analysis. Missing data were handled 

via multiple imputation (4).

We found that, in 2015, 8.0 million U.S. ever-smokers were eligible for screening according 

to the USPSTF guidelines. However, an additional 4.6 million (increase, 57% [95% CI, 49% 

to 64%]), 3.3 million (increase, 41% [CI, 34% to 47%]), and 1.0 million (increase, 12% [CI, 

5% to 20%]) were eligible using the ≥1.3%-NCCN, ≥1.51%-PLCOM2012, and >1.2%-

LCDRAT thresholds, respectively (Table).

The increases are surprising because the ≥1.3%-NCCN threshold selected the same 

proportion (38%) of ever-smokers as the USPSTF guidelines in the PLCO (5), and the 

≥1.51%-PLCOM2012 threshold selected an even smaller proportion (35%). However, when 

applied to the 2015 NHIS, the USPSTF guidelines selected a smaller proportion of ever-

smokers (18%) than either the ≥1.3%-NCCN (28%) or the ≥1.51%-PLCOM2012 (25%) 

threshold. These decreases are due to changing demographic characteristics and smoking 
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histories since PLCO enrollment (1993 to 2001). Thus, the ≥1.3%-NCCN and ≥1.51%-

PLCOM2012 thresholds also chose substantially more ever-smokers (12.7 million and 11.2 

million, respectively) than the USPSTF guidelines (8.7 million) in 2005. Even the ≥1.2%-

LCDRAT threshold selected 1.0 million more ever-smokers in 2015 despite using data from 

2010 to 2012 to select the threshold.

For the USPSTF guidelines, we estimated screening efficiency as an NNS of 194 and 133 

FPPDs (Table). Compared with the USPSTF guidelines, estimated efficiency and FPPDs 

might be worse for the ≥1.3%-NCCN and ≥1.51%-PLCOM2012 thresholds but might be 

improved for the ≥1.2%-LCDRAT threshold (Table). All 3 thresholds might prevent more 

deaths than the USPSTF guidelines (Table).

Recalibrating the risk thresholds to select 8.0 million ever-smokers in 2015 requires higher 

thresholds (≥2.19% for the PLCOM2012 or ≥1.33% for the LCDRAT). At these thresholds, 

efficiency and FPPDs might be improved versus the USPSTF guidelines (Table). Although 

reducing the number of eligible ever-smokers also reduced the number of lung cancer deaths 

that could be prevented, they still exceeded USPSTF effectiveness (Table).

Discussion:

Compared with the USPSTF guidelines, the ≥1.3%-NCCN and ≥1.51%-PLCOM2012 

thresholds would screen millions more U.S. ever-smokers, possibly at lower efficiency and 

with more FPPDs. This is due to large reductions in smoking over time. These thresholds 

were based on selection of a set proportion of ever-smokers from an old data set (PLCO 

[1993 to 2001]), when a much larger proportion of ever-smokers were eligible for screening 

according to the USPSTF guidelines. Even the ≥1.2%-LCDRAT threshold chose 1 million 

more ever-smokers than the USPSTF guidelines, despite the threshold being selected using 

recent (2010 to 2012) data. Risk thresholds should be reevaluated regularly as population 

characteristics change to ensure they maximize the number of deaths prevented with 

acceptable efficiency and minimal harms.

Acknowledgment:

The authors thank the reviewers, whose comments greatly improved the manuscript.

Financial Support: By the Intramural Research Program of the National Cancer Institute, National Institutes of 
Health.

References

1. Moyer VA; U.S. Preventive Services Task Force. Screening for lung cancer: U.S. Preventive 
Services Task Force recommendation statement. Ann Intern Med. 2014;160:330–8. doi:10.7326/
M13-2771 [PubMed: 24378917] 

2. Katki HA, Kovalchik, Berg, Cheung, Chaturvedi. Development and validation of risk models to 
select ever-smokers for CT lung cancer screening. JAMA. 2016;315:2300–11. doi:10.1001/jama.
2016.6255 [PubMed: 27179989] 

3. U.S. Preventive Services Task Force. Draft Research Plan: Lung Cancer: Screening. Rockville, MD: 
U.S. Preventive Services Task Force; 2018Accessed at www.uspreventiveservicestaskforce.org/
Page/Document/draft-research-plan/lung-cancer-screening1 On 25 February 2019.

Landy et al. Page 3

Ann Intern Med. Author manuscript; available in PMC 2020 March 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.uspreventiveservicestaskforce.org/Page/Document/draft-research-plan/lung-cancer-screening1
http://www.uspreventiveservicestaskforce.org/Page/Document/draft-research-plan/lung-cancer-screening1


4. Katki HA, Kovalchik SA, Petito LC, Cheung LC, Jacobs E, Jemal A, et al. Implications of nine risk 
prediction models for selecting ever-smokers for computed tomography lung cancer screening. Ann 
Intern Med. 2018;169: 10–9. doi:10.7326/M17-2701 [PubMed: 29800127] 

5. Tammemagi MC, Church TR, Hocking WG, Silvestri GA, Kvale PA, Riley TL, et al. Evaluation of 
the lung cancer risks at which to screen ever- and never-smokers: screening rules applied to the 
PLCO and NLST cohorts. PLoS Med. 2014;11:e1001764. doi:10.1371/journal.pmed.1001764 
[PubMed: 25460915] 

Landy et al. Page 4

Ann Intern Med. Author manuscript; available in PMC 2020 March 03.

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

Landy et al. Page 5

Ta
b

le
.

Pr
oj

ec
te

d 
Pe

rf
or

m
an

ce
 o

f 
Pr

op
os

ed
 R

is
k 

T
hr

es
ho

ld
s 

fo
r 

Se
le

ct
io

n 
of

 E
ve

r-
Sm

ok
er

s 
fo

r 
C

T
 L

un
g 

C
an

ce
r 

Sc
re

en
in

g 
U

si
ng

 N
H

IS
 2

01
5 

D
at

a*

C
ri

te
ri

a
R

is
k 

C
al

cu
la

to
r

U
.S

. E
ve

r-
Sm

ok
er

s 
A

ge
d 

50
-8

0 
y

Sc
re

en
in

g 
E

ff
ic

ie
nc

y
Sc

re
en

in
g 

H
ar

m
s

Sc
re

en
in

g 
E

ff
ec

ti
ve

ne
ss

†

E
ve

r-
Sm

ok
er

s 
Se

le
ct

ed
 

(M
ill

io
ns

),
 n

 
(%

)

In
cr

ea
se

 v
s.

 
U

SP
ST

F
 

G
ui

de
lin

es
 (

95
%

 
C

I‡
),

 %

N
N

S 
to

 
P

re
ve

nt
 1

 
D

ea
th

Im
pr

ov
em

en
t 

vs
. 

U
SP

ST
F

 
G

ui
de

lin
es

 (
95

%
 

C
I‡

),
 %

F
al

se
-

P
os

it
iv

e 
R

es
ul

ts
 p

er
 

P
re

ve
nt

ed
 

D
ea

th
, n

Im
pr

ov
em

en
t 

vs
. 

U
SP

ST
F

 
G

ui
de

lin
es

 (
95

%
 

C
I‡

),
 %

L
un

g 
C

an
ce

r 
D

ea
th

s 
P

re
ve

nt
ed

, n

In
cr

ea
se

 v
s.

 
U

SP
ST

F
 

G
ui

de
lin

es
 

(9
5%

 C
I‡

),
 %

U
SP

ST
F 

gu
id

el
in

es
§

N
A

  8
.0

 (
18

.1
)

N
A

19
4

N
A

13
3

N
A

41
 2

98
N

A

N
C

C
N

 g
ui

de
lin

es
 

(1
.3

%
 6

-y
 lu

ng
 c

an
ce

r 

ri
sk

)‖
PL

C
O

M
20

12
¶

12
.6

 (
28

.4
)

57
 (

49
 to

 6
4)

22
2

−
14

 (
−

20
 to

 −
9)

15
0

−
13

 (
−

18
 to

 −
8)

56
 5

28
37

 (
32

 to
 4

1)

O
th

er
 p

ro
po

se
d 

th
re

sh
ol

ds

 
1.

51
%

 6
-y

 lu
ng

 

ca
nc

er
 r

is
k*

*
PL

C
O

M
20

12
¶

11
.3

 (
25

.5
)

41
 (

34
 to

 4
7)

20
7

−
7 

(−
12

 to
 −

1)
14

1
−

6 
(−

12
 to

 −
1)

54
 4

56
32

 (
28

 to
 3

6)

 
1.

2%
 5

-y
 lu

ng
 

ca
nc

er
 d

ea
th

 r
is

k†
†

L
C

D
R

A
T

‡‡
  9

.0
 (

20
.4

)
12

 (
5 

to
 2

0)
16

8
14

 (
8 

to
 1

9)
11

9
10

 (
5 

to
 1

5)
53

 7
32

30
 (

25
 to

 3
5)

T
hr

es
ho

ld
s 

re
qu

ir
ed

 to
 

sc
re

en
 a

s 
m

an
y 

ev
er

-
sm

ok
er

s 
as

 U
SP

ST
F 

gu
id

el
in

es
 in

 2
01

5 
(8

.0
 

m
ill

io
n)

 
2.

19
%

 6
-y

 lu
ng

 
ca

nc
er

 r
is

k
PL

C
O

M
20

12
¶

  8
.0

 (
18

.1
)

0 
(−

6 
to

 6
)

16
9

13
 (

7 
to

 1
9)

11
9

10
 (

5 
to

 1
5)

47
 4

01
14

(1
1 

to
 1

9)

 
1.

33
%

 5
-y

 lu
ng

 
ca

nc
er

 d
ea

th
 r

is
k

L
C

D
R

A
T

‡‡
  8

.0
 (

18
.1

)
−

1 
(−

7 
to

 6
)

15
6

20
 (

14
 to

 2
5)

11
2

15
 (

10
 to

 2
1)

51
 0

19
24

 (
19

 to
 2

8)

C
T

 =
 c

om
pu

te
d 

to
m

og
ra

ph
y;

 L
C

D
R

A
T

 =
 L

un
g 

C
an

ce
r 

D
ea

th
 R

is
k 

A
ss

es
sm

en
t T

oo
l; 

N
A

 =
 n

ot
 a

pp
lic

ab
le

; N
C

C
N

 =
 N

at
io

na
l C

om
pr

eh
en

si
ve

 C
an

ce
r 

N
et

w
or

k;
 N

H
IS

 =
 N

at
io

na
l H

ea
lth

 I
nt

er
vi

ew
 S

ur
ve

y;
 

N
N

S 
=

 n
um

be
r 

ne
ed

ed
 to

 s
cr

ee
n;

 P
L

C
O

M
20

12
 =

 P
ro

st
at

e,
 L

un
g,

 C
ol

or
ec

ta
l, 

an
d 

O
va

ri
an

 C
an

ce
r 

Sc
re

en
in

g 
T

ri
al

 M
od

el
 2

01
2;

 U
SP

ST
F 

=
 U

.S
. P

re
ve

nt
iv

e 
Se

rv
ic

es
 T

as
k 

Fo
rc

e.

* M
ul

tip
le

 im
pu

ta
tio

n 
w

as
 u

se
d 

to
 a

cc
ou

nt
 f

or
 m

is
si

ng
 d

at
a 

(1
.8

%
 f

or
 r

ac
e,

 0
.4

%
 f

or
 e

du
ca

tio
n,

 2
.9

%
 f

or
 b

od
y 

m
as

s 
in

de
x,

 0
.4

%
 f

or
 n

um
be

r 
of

 y
ea

rs
 s

in
ce

 q
ui

tti
ng

, 7
.3

%
 f

or
 n

um
be

r 
of

 c
ig

ar
et

te
s 

sm
ok

ed
 p

er
 

da
y,

 0
.3

%
 f

or
 n

um
be

r 
of

 y
ea

rs
 o

f 
sm

ok
in

g,
 0

.2
%

 f
or

 p
re

se
nc

e 
of

 e
m

ph
ys

em
a,

 a
nd

 1
2.

1%
 f

or
 f

am
ily

 h
is

to
ry

 o
f 

lu
ng

 c
an

ce
r)

.

† W
e 

es
tim

at
e 

th
er

e 
w

ou
ld

 b
e 

20
2 

44
2 

lu
ng

 c
an

ce
r 

de
at

hs
 w

ith
ou

t s
cr

ee
ni

ng
. T

he
 n

um
be

r 
pr

ev
en

te
d 

w
ith

 e
ac

h 
ri

sk
 th

re
sh

ol
d/

m
od

el
 c

om
bi

na
tio

n 
w

as
 e

st
im

at
ed

 u
si

ng
 th

e 
L

C
D

R
A

T.

‡ O
bt

ai
ne

d 
us

in
g 

th
e 

de
lta

 m
et

ho
d.

Ann Intern Med. Author manuscript; available in PMC 2020 March 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Landy et al. Page 6
§ G

ui
de

lin
es

 r
ec

om
m

en
d 

an
nu

al
 s

cr
ee

ni
ng

 w
ith

 lo
w

-d
os

e 
C

T
 f

or
 a

du
lts

 a
ge

d 
55

-8
0 

y 
w

ith
 a

 3
0-

pa
ck

-y
ea

r 
sm

ok
in

g 
hi

st
or

y 
an

d 
≥1

5 
y 

si
nc

e 
qu

itt
in

g.

‖ 1.
34

%
 6

-y
 lu

ng
 c

an
ce

r 
ri

sk
 a

cc
or

di
ng

 to
 th

e 
PL

C
O

M
20

12
 w

as
 c

ho
se

n 
to

 s
el

ec
t t

he
 s

am
e 

pr
op

or
tio

n 
of

 e
ve

r-
sm

ok
er

s 
as

 w
er

e 
el

ig
ib

le
 a

cc
or

di
ng

 to
 th

e 
U

SP
ST

F 
gu

id
el

in
es

 in
 th

e 
PL

C
O

 (
19

93
-2

00
1)

 c
oh

or
t 

(3
8%

) 
( 4

).
 T

he
 N

C
C

N
 c

ri
te

ri
on

 is
 1

.3
%

 (
no

t 1
.3

4%
) 

6-
y 

lu
ng

 c
an

ce
r 

ri
sk

 a
cc

or
di

ng
 to

 th
e 

PL
C

O
M

20
12

.

¶ R
ef

er
en

ce
 5

.

**
C

ho
se

n 
to

 s
el

ec
t 3

5%
 o

f 
ev

er
-s

m
ok

er
s 

at
 h

ig
he

st
 r

is
k 

in
 th

e 
PL

C
O

 (
19

93
-2

00
1)

 c
oh

or
t (

4)
.

††
Se

le
ct

s 
th

e 
sa

m
e 

nu
m

be
r 

of
 e

ve
r-

sm
ok

er
s 

w
ho

 w
er

e 
el

ig
ib

le
 a

cc
or

di
ng

 to
 th

e 
U

SP
ST

F 
gu

id
el

in
es

 in
 th

e 
20

10
-2

01
2 

N
H

IS
 (

9.
0 

m
ill

io
n)

.

‡‡
R

ef
er

en
ce

 2
.

Ann Intern Med. Author manuscript; available in PMC 2020 March 03.


	Background:
	Objective:
	Methods and Findings:
	Discussion:
	References
	Table.

