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Background: The aim of this study was to compare the efficiency of cytokeratin 19 fragment (CYFRA 21-1) and carcinoembryonic antigen (CEA)
for the diagnosis of lung cancer and to establish the optimal cut-off values.

Methods: We retrospectively reviewed the medical records of 1,176 subjects with CYFRA 21-2 and CEA data; they were classified into 93 lung
cancer cases and 1,083 total controls, including 146 age-matched controls. Multivariate analysis was used to determine the relationship between
the concentration of each tumor marker and lung cancer diagnosis. The diagnostic efficiencies of tumor markers were evaluated using receiver
operating characteristic curve analysis and areas under the curve (AUCs) were calculated. The optimal cut-offs for CYFRA 21-1 and CEA were also
estimated.

Results: Age, CYFRA 21-1, and CEA concentrations were independently associated with lung cancer diagnosis. Diagnostic efficiency of each tu-
mor marker and its’ combination was different according to the histological types of lung cancer. For non-small cell lung cancer, the AUCs for the
two-marker combination were the highest: 0.8661 and 0.7559 for total and age-matched controls, respectively. For squamous cell carcinoma, the
AUCs for CYFRA 21-1 were the highest: 0.9245 and 0.8428 for total and age-matched controls, respectively. The sensitivity and specificity of CYFRA
21-1 and CEA for lung cancer diagnosis were improved when the cutoffs determined based on this study were applied.

Conclusions: CYFRA 21-1 and CEA could be useful markers for diagnosing lung cancer and single or combination of markers may be useful ac-

cording to different histological types of lung cancer.

Key Words: CYFRA 21-1, Carcinoembryonic antigen (CEA), Tumor marker, Lung cancer

M E

Corresponding author: Yongjung Park, M.D., Ph.D.

1) https://orcid.org/0000-0001-5668-4120

National Health Insurance Service lisan Hospital, 100 llsan-ro, llsandong-gu,
Goyang 10444, Korea

Tel: +82-31-900-0906, Fax: +82-31-900-0925, E-mail: myig2000@nhimc.or.kr

Received: February 12, 2019
Revision received: May 13, 2019
Accepted: May 15, 2019

This article is available from http://www.labmedonline.org

© 2020, Laboratory Medicine Online

€ This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

66 www.labmedonline.org

st Ao.2 HIEITHl. 20119004 2015 7]7F 59 = 9
¢ 3l s A2 267%=2 2006FHE 201097H4] 54 AY
289120, 1%01] H]O}Oﬂl Chas S7Fsto] #of 2] of| $7F A)<45-4]
S 2 IAEAL e Ao Kok e 717} = Y E A
105 < gt X*Zﬂ?% 5| AEE0] 70.7%% AL sk H >
oA o F7} vl-p- EEFSiTial T = ArH2] EPEW, A=A Al
H et et ek 7o) 282 F3t WY 27] o] &}
O of 5 A Adof| vj-¢- F-R8FekaL shAlc

NS B wre] A W 4 W cytokeratin 19
fragment (CYFRA 21-1), carcinoembryonic antigen (CEA), neuron-
specific enolase (NSE), squamous cell carcinoma antigen (SCC
Ag), pro-gastrin-releasing peptide (proGRP), cancer antigen 125
(CA 125) 5] HAPF B85 o] 2om(3-5], =uj2] Z-f-oll = vl
M|ZZEH Q] Zek W =& 3Hzkof] CYFRA 21-13} CEA7|F A2 A&

)31 @l CYFRA 21-12 AJZ-Z20 0] 31 =291 cytokeratin

elSSN 2093-6338


https://orcid.org/0000-0001-5668-4120
http://crossmark.crossref.org/dialog/?doi=10.3343/lmo.2020.10.1.66&domain=pdf&date_stamp=2019-12-27

AZIF Q| CYFRA 21-1 and CEA in Lung Cancer Diagnosis

MO

% cytokeratin-192] Y z7ko 2 o] Z72] ohA|Eo 4] AA
Ejo] @olow v‘i‘—‘ﬂllﬂ% A0 R AA glom, 53] ¢4 g
oA S7P7F Aof vlua] Solkwrt 7] wiiel wieke 1hd
xigto]] £5] 2853 9JeHo). E, CEAL Bolr]o] 23} 22
oA AdEls B e 2 24 A /el MR 2t AjlellA
g jo] %% = 454 TE OPE<,
S R R - e Azi ol 5401
13, ‘ﬁ*éﬁ%lﬁ*éﬁ%l@%‘r T ¥ AgoM=
22} 9l
5 CEAL 9Fo] FIEHE ook X2 ¥hg-& 7
oI} oA Fo= WA o152 TSP BRpe o
glolie o] E= A0 & B a1Eo] Qloj[7-11], F
A oJ5) 7S Bate] sgte] AntEl A9olE B
A2} AP} A 2] 2] wgo] H|E 2 o] tigt |
7 e stk
St Ao A 7]&2] T 7]FA|(CEA, 3.2 ng/mL; CYFRA 21-1,
35 ng/mLE H-E-3k= 77 wok Aekol gt CYFRA 21-19] 7
ol o) & 717F 43% 2 89%, CEAQ] W9} Eo|es 7

© 02
j_ﬂ;
N
N
o]
5
[n

N 30
o
B
e’
re
N
E i

o
N

=

of

ok
S
o

u

> rr

CYFR

'-rj

B Jr o o

< qQ R

ol-N Olﬂ 2 ot

o0 A (e

FTT of O mx
rlr r_>]i U

12
-
—14

ZF 69% 2 68%2 X 115}oq[12], AEkst Hjeko] Atk &-8-5)7]9)
=3 tsfloﬂ_O_ 01_9_6]— ol:_Lx]x]_ 7—1/\].4 Ak A{‘:o] =] —O—I_Eh—i S
s

7 ek T Beole S=adle dhde = Hok S f't
CYFRA 21-13} CEA9| #-8 *é% %‘%‘P ?i—?ﬂ HHE 2|0 2 A%
wo] LLotH13-15], 443
- JARR) 29t EJ% ”&Zé 7
s 7ol tiet A7 st ‘Xéo
ololl, & Aol A= 17k = 2t
CEAS FAIl Al3et B A=

ﬂi m
)
mx
ox
'S
off
)
i)
o2
R
EURY

2 g

whE 5 FEARO] F7F S A, H|o) XJ & PRk 2t

7o) FFAAL Yl o)5 2910 A Aeg vasiy, He et

3t o 2IehS: S1et 2|21 9) W71 EAE Astaat selck
Mz 3 W

1. 7Y

20179 19 195E 129 319711 2914
CYFRA 21-17} CEA ZHAP} A0 &=

74 APy
F 11,2999 oA &

e

o BollA] FHTES Slote] FHO R FAH ofzlel A 56
of, -tk Ik o) o] etz Ak 2 AW Sfa) 4

APE ol 550 9 H|9F o]e)) fre & Ak 12401 AlefsiaL,
& L1760 tiste] o5& FFA o2 EA5I3I

o] T FYTAA AAPE A o] 937g2| 2P} H|gfe =
A= lom, Y] 1,083 2|5 kol wh2} Ho AAEdA;

https://doi.org/10.3343/lm0.2020.10.1.66

AFE AR A7 THARHN=0966), 25 52 53]
o & ] el Ly o o SIS Folel 5
= S AR R] okord SAHN=81)
2 ERslglon] ool T W St EgEec 4% 24
(N=7D, 223 PHEN=4), QRAPANZN=1), o+

EF0V=D. 2 1 siflo] ol 4 5571
1

L riok olN

ol S ke e

F

O

% =

]_
ﬂxu A3} 1}o] CYFRA 21-1 2 CEA, 5‘.3175/\}1% 342
S 3yt 7

o,
o B
N
Ny
20
>4
x
_.>_
m

rl
o
o,
e}
1 2
o
)
f -
s
o
J_

7°J(IRB

2. CYFRA 21-1 & CEA ZAL

CYFRA 21-1 AAl= cobas e 602 HYEA]7](Roche Diagnostics
GmbH, Mannheim, Germany)2} 5 #| ZAF] Elecsys CYFRA 21-1
AAAOFS AR50, CEA A= ADVIA Centaur XPT He &
A7](SIEMENS Healthineers GmbH, Erlangen, Germany)} 5 A|
ZAF2] ADVIA Centaur CEA AR AL&3}Fo] A 2ALe] 2|3
of ke AIYEIITE CYFRA 2112 SRl 2 A7 LE $2)

Aol ojjstol A7) AV 27 |skehiseiel AN 2le)
£ olgale] WEIIAT, CEAE RUALRT LAael ekia)
ofsirboll | ShohiTOLE A0 2 B ASIGon, K £akEA|
A B 11 9k ng/mlo|ck

4nrjgr4
rzi

ON

3. SARN

SAEAL $3}o] Analyse-it for Microsoft Excel Method Eval-
uation Edition version 3.76.1 (Analyse-it Software, Ltd., Leeds, UK)
1 TBM SPSS Statistics 23 IBM Corp. Armonk, NY, USA)-& AF8-5
Tk 14 W] A9 vlal o abto] o whet & o 7he] Wi
AJolli= Mann-Whitney U £7&, Al 7 o1 7+€] B3 Alofl= Kru-
skal-Wallis 7742 0-8-5}%11L, 15 $A| &7 HAS flsto] 8t
uo] o 2w} o o] didst 7H2) BIAL A A Dunnett tF5 B
I AJE, o tiAkt 7He] A vl atofl= Turkey-Kramer T H] 1l
|2 AlRYsHoIT) H5=% Wa=o] A9t did=t 71 vl alofl= ChiAl

T AL ol 2 FUEARY T ATt A& B

>.

L

7] $18}9] receiver operating characteristic (ROC) curve 412
#5}e] DeLong ol AI2Fek o] wel 2 EA24e] 24 3}
Z(area under the curve, AUC)S H| 15} TH16). ROC curve £-4
Ao A ZF AAF] Youden index7} ol 7S & TA7]|&

krﬂ

i

www.labmedonline.org 67



?|: CYFRA 21-1 and CEA in Lung Cancer Diagnosis

=
FIES

P
(=]

MO

(L=N) BWOUIIED PaenUaIaIp Alj0od pue ‘(L =) BuiouIdIed piowapid30dnw ‘(1 = N) BWOUIDIED SNOWENbSOUIPE ‘(€ = ) BLIOUIDIED PIOJBWOJIES JO SIS S3PN|IU],
(S9InJenb pag 01 1S1) UBIPIW SB UMOYS e Ble(,

(%S'6%) 97 ‘N
(goL)oL 'l
(got)oLl
(062) L2 - i -
(§9)9 OLIN
(¥ €T alN
(€8L) £L "eLN
(G08) £¥ 'O "
(G'12) 0T 'eN
(O%L) €L TN
(OpL) €LIN
(§05) £ 'ON |
(L¥e) €T vl
(cz1)9L'el
(csh) ey el
(8L) LL'LL
(L1 LSl .
. - (0%) N "UOREILLISSER JINL
(5'9) 9 auop J0u Aabuns/Asdolg
(¢'7) T 93dA1 umouun
('9) 9 'SadAY 210
(G°£) £ "ewiouIED 13D ||EWS
(€7) ¥ "ewouIed 132 3bue]
(¥'61) 81 "BWOUIIED |32 Showenbs

- (8°€5) 0§ "ewiouIRIEI0UIPY - - (9%) N '3dA1 [e2160]01SIH
- 86 'LE - = (9) N "A136.nS JusMISpUN OYM SJUSIEY

(1°0) L ‘ssew [euaupe ubiuag

(9°22) €€ 'saseasip Aeuow|nd ubluag (z°€) S¢ 'saseasip Areuownd ubiuag

(°SG) 18 'suoisa| auoq ubiudg (G°£) 18 'suoisa| auoq ubiuag
- (000L) €6 “4dued bung (612) € 's193[qns Ayyeay (7'68) 996 '193(qns Auyjeay (%) N ‘sisoubei(
10000> 10000> (g6 01 LTL)0LE (0€C ©1060) 59'L (091 03 0£0) 060 <(1W/6U) [9A3] ¥3)
10000> 10000> (062 03007) 0C'E (0gz oy 0v'L) 00T (00z0101'L) 05°L (1WfBU) [3A3] 1-1T YA
18000 10000> (¥'€9) 65 (6'G¥) £9 (£'26) v0OL (9%) N 's¥3[ans 3jepy
6CEV0 10000> (08203 £'€9) 0L (06L 93 6£8)5'1L (0T 01 05€) 0L J[1A) 3by

S|043U0d PAYd3ew-bYy S|043U0D |B}O| (9%L =N) paydrew-aby (€80'L =N) |B30L
(€6=N) S3s€) 19)aweled
'SA S3SED JO AN|eA-4 S|03U0D

uonendod juanied Jo Sd1sLADEIRYY “| ]98]

https://doi.org/10.3343/lm0.2020.10.1.66

68 www.labmedonline.org



AZIF Q| CYFRA 21-1 and CEA in Lung Cancer Diagnosis

MO

R
fu
ih3
oX
ol
o
oo
ol
o
£,
o2

o
el
ol
ol
o
rir
oM,
o
=}
oyl
i

@
i)
&,
o2
R
au)
2
-

i
o

o

o K
o
|

X
©
ox it

H1
oQ
o,
=y
o,
o
H1

M 2 hes
M
o
ol
M Jm
ot

I
U
_Orlg
£
fl
)
[
lu}
U toh
EY
fr we
>
o
>
ok
9‘15
2
él“

(R

b
e
>
T
T
o,
o
M)
o\
oQ
B
)

Jo

1o &
ot

_t__l

ut)

o

x0,

rlr

g

I

B}
_|>i

N
o
=
i=

il
B
o2
2
ox M

i

o o M
4z
o

(¢}
o

ok

ot ofN
u o 2
41 L oo

uE o2

£ ROC curve £

o J‘%‘
m =
ol
== 10
e g
He

O:

X

X

)

m {

%

_0|L

2

ng r

0.

]

N

N

BN

E |

©

>

at)

ox

r g
3
il

O

ad,

Shs

1%

=

o

©

=

(@)

N

©

ofs

ol

ro,

o,

o

O

i

2o

lo o
ot
N
N
o
2
i
o
il

1. 97 gz Ed

Z 117689 A7 A 5 HlY 2k 939l e 7 i
0] £/ Table 10f] Zefsiqict AA| tzt 9 St} A%
)7} SAFSE T FHage-matched control) X5 |9} A2} H)
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Table 2. CYFRA 21-1 and CEA levels in control groups

HF AT A 32 189(19.4%), A2 79(7.5%), THAZES 4]
(4.3%) 59 40 2 wokr} oko] ¥7| 17] 279)(29.0%), 117] L
1717} 232} 1090)(10.8%), IVZ )7} 46941(49.5%) S ZFA|5FA T

2, T =M BLHXIX s
AA) )220 412] CYFRA 2117} CEA 552 Table 2] Ljeh

Stk FFTAR B A4 o vistol B o] gl
sk by 557] BN £2J5HA HEHP<0000D, 3,

557

1:!
CYFRA 21-19] 7%
W B 24
Turkey-Kramer T}%

P 3571 F 97 25 ng/mLE
2] 2.0 ng/mLET} 281 EEOLHP=0.0016,
uim), CEAS] 7 9olli= T 3 Zholl folat
o7} HFAR]R] QFQITHP=0.2488, Turkey-Kramer T} H] 1),
Table 4. Multivariate analysis using patients' age, sex, and CYFRA 21-1

and CEA levels for the discrimination of lung cancer (N=93) patients
from total control subjects (N=1,083)

Variables 0dds ratio (95% Cl) P-value

Age (yr) 1.0864 (1.0630 to 1.1103) <0.0001
Female sex 0.6836 (0.3162 to 1.4779) 0.3336
CYFRA 21-1 (ng/mL) 1.3596 (1.1698 to 1.5803) 0.0001
CEA (ng/mL) 1.3571 (1.1434 to 1.6109) 0.0005

Abbreviation: Cl, confidence interval.

Control group CYFRA 21-1 (ng/ml)

P-value® CEA (ng/mL) P-value?®

Healthy subjects (N=966) 1.40 (1.00 to 1.90)

- 0.80 (0.20 to 1.50) -

Bone lesions (N=81) 2.00 (1.50 to 2.90) <0.0001 1.70 (1.00 to 2.43) <0.0001
Pulmonary diseases (N =35) 2.50 (1.53 to 3.23) <0.0001 2.00 (0.90 to 2.87) <0.0001
Adrenal mass (N=1) 400 0.0262 0.20 08157
Data are shown as median (1st to 3rd quartiles).
“vs. healthy subjects.
Table 3. CYFRA 21-1 and CEA levels according to the histological classifications and stages of lung cancer
Classification CYFRA 21-1 (ng/mL) P-value® CEA (ng/mL) P-value®
Histology
Adenocarcinoma (N=50) 295 (1.88 t0 5.21) - 3.65 (1.29 to 11.70) -
Squamous cell carcinoma (N=18) 465 (2.84t0 14.12) 0.9984 2.35(1.48 t0 3.11) 0.7858
Large cell carcinoma (N=4) 2.20 (1.50 to 2.96) 09744 2.15(1.14 t0 3.63) 09820
Small cell carcinoma (N=7) 470 (2.92 t0 22.28) 0.9932 19.60 (1.48 to 162.28) 0.8787
Other type® (N=6) 3.00 (2.47 to 10.03) 0.9994 2.60 (0.58 to 17.83) 0.9845
Biopsy not done/unknown (N=8) 450 (2.50 to 11.74) 1.,0000 2.80 (1.14 to 24.46) 09739
Stage
[ (N=27) 2.30(1.73 t0 3.18) - 2.70 (1.20 to 3.70) -
I (N=10) 2.10 (1.69 to 4.53) 1.0000 2.85 (1.48 to 4.38) 0.9984
lII(N=10) 9.45 (2.95 to 23.56) 0.2664 1.80 (1.03 t0 3.16) 1.0000
IV (N=46) 4.60 (2.60 to 13.24) 0.1170 4.40 (1.59 to 42.78) 0.1829

Data are shown as median (1st to 3rd quartiles).
“vs. adenocarcinoma or stage |.

*Includes cases of sarcomatoid carcinoma (N=3), adenosquamous carcinoma (N=1), mucoepidermoid carcinoma (N= 1), and poorly differentiated carcinoma (N=1).
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Fig. 1. Receiver operating characteristic curve analysis for the discrimination of lung cancer patients (N=93) from age-matched controls (N=146).
Area under the curve (AUC) values for CYFRA 21-1, CEA, and their combination were compared pairwise. (A) Non-small cell lung cancer (N=86):
CYFRA 21-1 vs. CEA, P=0.5578; CYFRA 21-1 vs. CYFRA 21-1+CEA, P=0.1163; CEA vs. CYFRA 21-1+CEA, P=0.0159. (B) Adenocarcinoma (N=50): CY-
FRA 21-1 vs. CEA, P=0.2803; CYFRA 21-1 vs. CYFRA 21-1+CEA, P=0.0783; CEA vs. CYFRA 21-1+CEA, P=0.7705. (C) Squamous cell carcinoma (N=18):
CYFRA 21-1 vs. CEA, P=0.0005; CYFRA 21-1 vs. CYFRA 21-1+CEA, P=0.1130; CEA vs. CYFRA 21-1+CEA, P=0.0027. (D) All types of lung cancers
(N=93): CYFRA 21-1 vs. CEA, P=0.4990; CYFRA 21-1 vs. CYFRA 21-1+CEA, P=0.1161; CEA vs. CYFRA 21-1+CEA, P=0.0119.

Abbreviations: Cl, confidence interval; FPF, false positive fraction; TPF, true positive fraction.
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