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Diagnostic Utility of Serum Cytokeratin Fragment 21-1 in Patients with Lung Cancer
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Background: Lung cancer is the most lethal malignant neoplasm in the world. Serum cytokeratin fragment 21-1 (Cyfra 21-1) is a valuable tumor
marker for detection of lung cancer, and it has good sensitivity and specificity. The aim of this study was to investigate the diagnostic value of Cyfra

21-1 levels in patients with lung cancer.

Methods: We retrospectively reviewed 814 samples from 169 patients with lung cancer, 124 patients with benign pulmonary diseases, and 521
normal controls from health check-up clinic. Serum Cyfra 21-1 levels were determined with Architect CYFRA 21-1 kit (Abbott, USA) using Architect

i2000 analyzer.

Results: Median levels and interquartile ranges for Cyfra 21-1 in patients with lung cancer (non-small cell lung cancer: 3.16 [1.98, 9.00] ng/mL,
small cell lung cancer: 3.32 [2.07, 5.20] ng/mL) were higher than those in patients with benign pulmonary diseases (1.50 [1.17, 2.17] ng/mL; P<
0.01) and in normal controls (1.26 [0.93, 1.75] ng/mL; P<0.01). Sensitivity, specificity, positive predictive value, and negative predictive value for
Cyfra 21-1 were 70.4%, 81.2%, 49.6%, and 91.3%, respectively. The area under the curve for Cyfra 21-1 was 0.839 (95% confidence interval,

0.802-0.877).

Conclusions: We concluded that Cyfra 21-1 may be useful in the diagnosis of lung cancer.
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QA= g o]-8Har Qlrt o] F H|F FAALE ol ACEA,
carcinoembryonic antigen), HFA|3ZS} HASCC Ag, squamous
cell carcinoma antigen), f+H-E-0]of| & 2toFA|(NSE, neuron-specific
enolase), AFo|EA2}El 4 21-1 (Cytokeratin fragment 21-1, Cy-
fra 21-D) 50| €A Qltk o] = Cyfra 21-12 cytokeratin 192] £
4= 19959 ok EARNE AT ol 1 4400 B A7}
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Table 1. Patient characteristics

B} ¢ wl ek 437801 2H(Table 1.

2. Cyfra 21-1 & CEA &% i

Cyfra 21-1:% @Al A BFe} &g | A YAF AT (chemilu-
minescent micro-particle immunoassay)< ©]-8-5F= Architect
CYFRA 21-1 assay kit (Abbott, Malvern, PA, USA)& Z743}%ich
CEAE BAOIA Sfhig B4 WO RANS olgah Access
CEA kit (Beckman Coulter Inc., Fullerton, CA, USA)ZE =43}
o} Cyfra 21137} CEAS] 1A= 217} oA AHE-52] 2.08
ng/mL ©]3}, 5.00 ng/mL ©]3}2 AT}
3. BB 24

A £-4L2 Microsoft Excel 2010 (Microsoft Corporation, Red-
mond, WA, USA)3} SPSS 12.0K (SPSS Inc., Chicago, IL, USA)E- A}
goto], ZEALe] 8% FZre] vl Mann Whitney U-
testS AT, 719} FUHTAR}S] BE 5% W Krus-
kall-Wallis testS A|3¥sFct AR AR =01 2AXE 7202
Hoto]] that HIZ T (sensitivity), S0 %E(specificity), A ol&X]
(positive predictive value, @ 24 o ZX](negative predictive
value)E BlastgIt}. TS ROC 4 245 Fof dA 2R =

o8- %91 2.08 ng/mL2] EFFAIS H7}alict

Lung cancer group

Benign pulmonary disease group

Normal group

Patient group (N) (N=169) (N=124) (N=521) P value
Gender
Male 123 (24.0%) 94 (18.3%) 296 (57.7%) <0.001
Female 46 (15.3%) 30 (10.0%) 225 (74.8%)
Average age (yr) 69.5+97 576+ 17.3 395+ 10.7 <0.001
Histology
Adenocarcinoma 73 (43.2%)
Squamous cell carcinoma 60 (35.5%)
Small cell carcinoma 16 (9.5%)
Other types of carcinoma 20 (11.8%)
Stage
| 34 (20.1%)
I 15 (8.9%)
I 34 (20.1%)
Y 85 (50.3%)
Unknown 1 (0.6%)

Characteristics of benign pulmonary diseases
Benign solitary pulmonary nodule
Pulmonary tuberculosis
Pneumonia
Chronic obstructive lung disease
Others

20 (16.1%)
14 (11.3%)
36 (29.0%)
11 (8.9%)

43 (34.7%)
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AT T A Ao A g E olof whE HlaL
EA5}+04(P<0.00D), H|9F ool whE ThH 24
A2 S|l AlEEEITE A H|9 of ol SAIEHA o
2 FYsiA S nAA] = 742i(P=0.895), Lo]€} Cyfra
2112 FOJRt FoFS wIA= ATE E3ATHP<0.00D) (Table 2).

H|oho] 225 ol wE yfra 2119 5 UL D AR

B9l vlAAEZA Hek 316 (198, 9.00) ng/mL, AAEA ek
332 (2,07, 5.20) ng/mL=E F - B A @S 150 (117,
2.17) ng/mL & AAF ) 235 1.26 (093, 1.75) ng/mLe]| H]3) 574124
o2 FolsA F7FE] ATHP<0.01). o]of vlal CEAS] &
P2 = A H@glo] 1.81 (137, 3.2D) ng/mLE u]mﬂyg
H|%} 3.85 (2.14, 10.53) ng/mLiF= A A O 2 {213t 2ko|7} 913
gur(P< 0.0, 2A| 3£ H|9F 3.0 (1.44, 4.60) ng/mLI}= EA 1A ©.

Frofgt Afol& Holz| A9kth(P=0.103). %3t Cyfra 21-13%
CEA R A2 |9t A2/ o) Thofl AA 2 &
O3t Apol 5 HolR| AQTHMAA|IEA FQ vs. A FH S
Cyfra 21-1, P=0591; CEA, P=0.176) (Table 3). TS} H]AA| 324 T
oF ot & W Atu|oka} A9 71e] H|wof A= Cyfra 21-1, CEA B
EA5HA 0 72 G5t 2fo]E Ho|A] ¢FtH(Cyfra 21-1, P=0.058;
CEA, P=0.145). & Ao A= 4 2] CEAS SAoHA &
o} CEAS] B4 ettt Ho W g w829 Afo|E Hlwd

A
% gtk

Table 4+= Cyfra 21-19] #|%}o] tfgt AR E 2.08 ng/mLE 5}

Table 2. Multivariate analysis for lung cancer patients

Variable Odds ratio 950% confidence interval P value
Sex 0.961 0.542-1.707 0.893
Age 1.780 1.490-2.126 <0.001
Cyfra 21-1 1.10 1.089-1.132 <0.001

Table 3. Cyfra 21-1 and CEA levels (median [interquartile range])

Benign Lung cancer group
Normal group ~ pulmonary (N=169)
(N=521)  disease group NSCLC scLe
(N=124) (N=153) (N=16)
Cyfra 21-1 ng/mL 1.26 1.5 3.16 332
(093, 1.75) (117,217)  (1.98,9.000%  (2.07,5.20)*
CEA ng/mL NT 1.81 3.85 3
(137,321)  (2.14, 1053)*" (1.4, 4.60)°

*P<0.01 compared with the normal group or benign pulmonary disease group;
'P=0.591 compared with SCLC; P=0.176 compared with SCLC; *P=0.103 com-
pared with the benign pulmonary disease group.

Abbreviations: NSCLC, non-small cell lung carcinoma; SCLC, small cell lung carci-
noma; NT, not tested.
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A=, 5 , w/AEAE B4R,
CEA I3ljA+= AAA] 5.0 ng/mL 7|50 2 WAEE, Cyfra 21-13}+
CEAS %’\l ézéf& 73—‘%—04 HE=E A o] EAoA®

1’4— Cyfra 21- 19} CEAS =
36.7% Cyfra 21-10] S-3k5 & 4= QA%MaL, FA SAT 45
751%% Cyfra 21-1& &=
fra 21-19] EOIE G ASA A 4 AdSA = A7 81.2%,
8016591 4]
EP* =< HO“* JES Hlon, o]5Y UL ‘34 A=
2.3 (231, 293) ng/mL3Tk. $194S H3l 86 5 68"g0] £1¢ 7
e WL UpulX) 189S So] o] BAEA] AL AT

A &F F AHEe. 2 XISt

dF Cyfra 21-1 F=5 0]-§3H ROC Al Ao A AdshHA]
(AUC, Area under the curve)©] 0.839 (95% confidence interval
0.802-0.877)%).01, £3] H|9F % Cyfra 21-19]) 9173 Ao &2 <
A AT hAto] gt EAjofl M ZAdsha A o] 0.866 (95% CI
0.810-0922) 0.7 Fz| AAX] 2 AF&-52] 2.08 ng/mL7| 23+
s}ols}sickFig 1.

Aol - FAALS o83t B7] ZF Afe] 9] Hlaof A CEA
O] PR 00782 7] ko] EF 5= Afolof] {27k Zpol= }I%
O} Cyfra 21-19] PZE2-0.001 n]Ee. 2 35 F 2}o]7} Q=1
717} 2R3, Mann Whitney U testS 0]-8-5F AFZ Ao A
o 00125 7IE0 2 HoF 4719} #H%F 1, 2, 37] Z72ke] Wlat
oA Zpol S HAT FFe] 27191 1, 117](n=49)2} 21 111, IV
7|(n=1199] F O & AW HLS fj, Cyfra 21-19] Z7E 9 A}
EH917F 22} 2.00 (1.40, 3.29) ng/mL, 5.09 (257, 10.10) ng/mL,
CEAS] F4at & ARERISIE 27} 316 (159, 4.47) ng/ml, 4.26
(2.18,12.79) ng/mL=Z 7 EF FA|AF ILF 27|19 o W ZS)E QF

&+ 7ro] BAEH o2 §ol3t ZpolE e THCyfra 21-1,
P<0.001; CEA, P=0.02D. E3| AHAE 7|22 Cyfra 21-1-

Table 4. Sensitivity, specificity, positive predictive value, and negative
predictive value for Cyfra 21-1 and CEA in lung cancer diagnosis

Tumor marker Sensitivity Specificity PPV NPV
(ng/ml) (959% Cl) (959% Cl) (959%Cl) (959% Cl)
Cyfra 21-1>2.08 70.4 812 49.6 913
(0.635-0.773) (0.782-0.842) (0.433-0.559) (0.890-0.936)
CEA>5 36.7 NT NT NT
(0.294-0.440)
Cyfra 21-1 75.1 NT NT NT

>2.08or CEA>5 (0.686-0.816)

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; NT,
not tested; Cl, confidence interval.
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Fig. 1. Receiver operating characteristic (ROC) curve using serum Cyfra 21-1 level to discriminate between the lung cancer and control groups (A)
(AUC = 0.839 [95% Cl, 0.802-0.877]) and the squamous cell cancer and control groups (B) (AUC = 0.866 [95% Cl, 0.810-0.922]).

n=49 n=119 n=49 n=119

Negative
H Positive

Stage I, Il Stage lll, IV Stage |, Il Stage Ill, IV
CEA Cyfra 21-1

Fig. 2. Positive rates of CEA and Cyfra 21-1 for lung cancer based on
the stages of lung cancer.

27190k 213 QF ol 22} 46.9%, 815%2] FdES HY

1], CEAEE 5 9F 2ollA] 212} 69.4%, 80.7%9] A ER W3]

717t APEF T FERAA} 2R S AEE HA
(Fig. 2). T3 9F9] o] of e}t o] Cyfra 21-1:2 Ho|7} 9l
SRptollA] F71sHE RS B O (P<0.0D, CEAE= =

2tolE HoZ] g tHP=0.079).

Aorr DL oR lo

o #

Cyfra 21-17} CEAL Toko] 7] g, ol 3 2 x| mujEjo]

83 FAAE GHA QItHI0l. 3] Cyfra 21-12 H]
A A, e BT U
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oJt}. Cytokeratin®] S| HeslA| LA Uzl At F4 2
HA Al22S] E4E olF = 2o dBA qlem, 3] cyto-
keratin 197} H|&oflA] F71=lo] QIEH3, 11-13). Cyfra 21-1 HAR=
cytokeratin 199] 4TS Z2J317| W&o cytokeratin 8, 18, 19
7} &34 tissue peptide antigen (TPA)E S75}+= Z R}t EolA
o] EtHL, 51 2 B AFollA Heke] A% oS % Am &
YEFo] Cyfra 21-1& o832 Qlth Cyfra 21-19] A7} W2
£ Gefitinib T+ Erlotinib 5-2] Epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor (TKDo]| 2] & &1}7} £} A&
£0] §-5=5fth= H a7} Qlth4, 6, 8, 101,

& Aol A= wYe] kol QlojAf Cyfra 21-19] F-8/44=
7¥staLa} shoick Cyfra 21-1:2 4k &2 /4 #2gk wHofl vla)
HjaA iy HoF W A2 FGF BRoA] FASHE o R f-O
0} Mol 3 S GHILOHP<00D, CEAL A
RO Py S 23 folg Aol HolHl groret
(P=0.103) (Table 3). 53] 2 Ao Aj= HI2AZA sk} 24
4 DI} ALolo] Cyfra 21-19] 37} S 2 2ol W]
2] gyt 84N A IO Cyfra 21-10] 27k AO2 BT
gk ofe] A teb= &folE BATHL, 4, 5. SRR E THE S|
M Ao A2 HobollA AR A2t Eep7 Eit
g #H|%e] oA (heterogeneity)©] & = A A2 H|oF
A Woll A cytokerating: 'WHAIZ 4= §lo] Cyfra 21-10] &A| &
A=) 4 olck RIS, 5, 13, 2% 5 ot 2] Ao} &
AR o & Zpol5 WolA] 9k A& A Fof #Ate] 4=(167)
7Fu A ZA] H|ok 3x} =53 F5] A A, A2
H| ol HBFTe olefo] thE HS 2AH93%)7} Wol EZoHE
A, 9] aL gro] AtollA] Hel Hore] o] dA] e & gl
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2 HlES AA5H7] Yo 2 BebETh o] o] dtojlA] B
AN o] W77t e == Cyfra 21-10] S713Ith= B
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1z
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24 Aol VIFE7} 751% 2 Z7kete] Hioke] A A} A] T2

T BAAET A ST A 80 v SR e s

TehE|Qle) o] ofe] eIt A Cyfra 21-17} CEA, NSE, SCC Anti-
3

geng A SAgste] ok Ae] e Zidskirte Halet
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7Fe = Qlom, o] = 2 Ao AN tixt T S, 1A &
& A HAR didolAl Cyfra 21-10] 165%2H= w2 Hle
B S Hel Akl Y33, 8]. Cyfra 21-15 ©]-8-3F ROC
A BAo)A AsEA 0] 0.839 (95% confidence interval
0.802-0.877)= #H|¢Fo] A HA} Al Cyfra 21-1& 7-8-5HA| AH8-S
5 U A0 waEglov 7 9 4374 A AR SolE
ANFeE B 5 & A aesfjoR & Alofck

TR T FAR] A9 T WII7E Skl whek )7t
Z7VeteE Ao 2 dHA Q1o Cyfra 21-13} CEAS] 7%= Z13)
g HehollA % =7t $715He Ao R Hal HMEH17—19] w2

Aol A= CEAS] W7] 7+9] %ﬂ% E= Atolof] 23t Apol=
Lo, Cyfra 21-19] W7] 7F 85 =] 2to|7t & &2l
WA A= AE SR ‘5}‘2111}. 53] o oS AAst=
o] F83t 271991, DI} Y HAAL, O F e & &
slo] Cyfra 21-17} CEAS] % £ w2 v walglS o, 213E #oF
oA =8 =S HYTH(P<0.0D). E3F ¢Fe] Ho] ojFo) w2
Cyfra 21-13} CEAS] E-Aof| A= Cyfra 21-19| A7t & o 7F2] 5A
14 o] Qli= AkolE HATHP<0.0D. THH o AtEolA=
T4 7] 71 Cyfra 21-19] Bt E5 527t A Z {9
gk 2fo|5 ol ¢hQITH3, 201 o|2fgt A& 7He] At Apol=
R8P 7] 52 o) of 5L 59 HA| A/ kol qIgt Ao g2
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Hzd: wjoke A AAIZ o2 718 2E 2ol oF 20] shitolct &
A Ao EA R EA 21-1 (Cytokeratin fragment 21-1, Cyfra 21-1)

242 Hke] ekl A £ Tiftwel Bo|=E A F9 27
Az dPA Qlek 2 AtollA] Heke] A HARZ Cyfra 21-19)
&8 Hrlstaat etk

i A =2 ATk S st w1 2k 1607, %
A RS} 124, A AFHRAL 21 0. 2 F 814782 Tk
6 7 BA3ITE 84 Cyfra 21-1-2 Architect CYFRA 21-1 kitE: 0]
85}o] Architect i2000 HE-4]7]of| A] A8} T)

\

Zat: #|9k FEAfellA] Cyfra 21-12] S4E W AREH IR A 224
Hok: 3.16 [1.98, 9.00] ng/mL, AA|3EA] F|9k: 3.32 [2.07, 5.20) ng/
mD)= 94 HAEAH150 [1.17, 2.17] ng/mL) 2 AAF 71(1.26 (093,
1.75] ng/mL) Xt} FAH 2 {-2J5kA s=okth(Z2t P<0.01). Cy-
fra 21-19] QIZHE, Bolk, ofy of|EA], 34 dSEA]= 242 70.4%,
81.2%, 49.0%, 91.3%3At}. E3F Cyfra 21-19] IHA5HHZA- 0.839
(95% confidence interval 0.802-0.877)%3th.

ZAE: B o7 A3} Cyfra 21112 B Adshs o 8¢t
ARSI = ATk

= =3 =

%

ofN

REFERENCES

1. Wang R, Wang G, Zhang N, Li X, Liu Y. Clinical evaluation and cost-ef-

fectiveness analysis of serum tumor markers in lung cancer. Biomed

www.labmedonline.org 147



MO

&ME Q| Diagnostic Utility of Serum Cyfra 21-1

Res Int 2013;2013:195692.

2. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates
of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int ] Can-
cer 2010;127:2893-917.

3. Park HD, Jeong HS, Park JS, Lim SH, Lee EJ, Yun JW, et al. Usefulness
of cyfra 21-1 as a tumor marker of lung cancer. Korean ] Med 2002;02:
415-21.

4. Park SY, Lee JG, Kim J, Park Y, Lee SK, Bae MK, et al. Preoperative se-
rum CYFRA 21-1 level as a prognostic factor in surgically treated ade-

nocarcinoma of lung. Lung Cancer 2013;79:156-60.

N

Stieber P, Bodenmiiller H, Banauch D, Hasholzner U, Dessauer A,
Ofenloch-Hihnle B, et al. Cytokeratin 19 fragments: a new marker for
non-small cell lung cancer. Clin Biochem 1993;26:301-4.

6. Edelman MJ, Hodgson L, Rosenblatt PY, Christenson RH, Vokes EE,
Wang X, et al. CYFRA 21-1 as a prognostic and predictive marker in
advanced non-small cell lung cancer in a prospective trial: CALGB
150304. J Thorac Oncol 2012;7:649-54.

7. Lee S, Lee CY, Kim DJ, Hong DJ, Lee JG, Chung KY. Pathologic corre-
lation of serum carcinoembryonic antigen and cytokeratin 19 frag-
ment in resected nonsmall cell lung cancer. Korean J Thorac Cardio-
vasc Surg 2013;46:192-0.

8. Ono A, Takahashi T, Mori K, Akamatsu H, Shukuya T, Taira T, et al.
Prognostic impact of serum CYFRA 21-1 in patients with advanced
lung adenocarcinoma: a retrospective study. BMC Cancer 2013;13:354.

9. Chen Q, Ge F, Cui W, Wang F, Yang Z, Guo Y, et al. Lung cancer circu-
lating tumor cells isolated by the EpCAM-independent enrichment
strategy correlate with Cytokeratin 19-derived CYFRA21-1 and patho-
logical staging. Clin Chim Acta 2013;419:57-61.

10. Jung M, Kim SH, Hong S, Kang YA, Kim SK, Chang J, et al. Prognostic
and predictive value of carcinoembryonic antigen and cytokeratin-19
fragments levels in advanced non-small cell lung cancer patients

treated with gefitinib or erlotinib. Yonsei Med J 2012;53:931-9.

148 www.labmedonline.org

11. Moll R, Franke WW, Schiller DL, Geiger B, Krepler R. The catalog of
human cytokeratins: patterns of expression in normal epithelia, tu-
mors and cultured cells. Cell 1982;31:11-24.

12. Niklinski J, Furman M, Rapellino M, Chyczewski L, Laudanski J, Oliaro
A, et al. CYFRA 21-1 determination in patients with non-small cell
lung cancer: clinical utility for the detection of recurrences. ] Cardio-
vasc Surg (Torino) 1995;36:501-4.

13. Pujol JL, Grenier J, Daures JP, Daver A, Pujol H, Michel FB. Serum
fragment of cytokeratin subunit 19 measured by CYFRA 21-1 immu-
noradiometric assay as a marker of lung cancer. Cancer Res 1993;53:
01-6.

14. Cho KJ, Lee KH, Lee JW, Song KE, Lee WK, Kim JS, et al. CYFRA 21-1,
the new marker for lung cancer. Korean J Clin Pathol 1997;17:55-64.

15. Okamura K, Takayama K, Izumi M, Harada T, Furuyama K, Nakanishi
Y. Diagnostic value of CEA and CYFRA 21-1 tumor markers in primary
lung cancer. Lung Cancer 2013;80:45-9.

16. Yu H, Huang X, Zhu Z, Hu Y, Ou W, Zhang L, et al. Significance of
combined detection of LunX mRNA and tumor markers in diagnosis
of lung carcinoma. Chin J Cancer Res 2014;26:89-94.

17. Hatzakis KD, Froudarakis ME, Bouros D, Tzanakis N, Karkavitsas N,
Siafakas NM. Prognostic value of serum tumor markers in patients
with lung cancer. Respiration 2002;09:25-9.

18. Kulpa J, Wojcik E, Reinfuss M, Kolodziejski L. Carcinoembryonic anti-
gen, squamous cell carcinoma antigen, CYFRA 21-1, and neuron-spe-
cific enolase in squamous cell lung cancer patients. Clin Chem 2002,
48:1931-7.

19. Schneider J. Tumor markers in detection of lung cancer. Adv Clin
Chem 2006;42:1-41.

20. Haam §J, Kim GD, Cho SH, Lee DY. Clinical effectiveness of tumor
markers (CEA, NSE, Cyfra 21-1) in completely resected non-small cell
lung cancer. J Lung Cancer 2006;5:75-83.

http://dx.doi.org/10.3343/tm0.2015.5.3.143



