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[ Abstract ] Background and objective Pro-gastrin-releasing peptide (ProGRP) and neuron specific enolase (NSE)
have become hotspot of tumor markers for small cell lung cancer (SCLC), and the aim of this study is to evaluate and compare
the diagnostic value of serum ProGRP and NSE in SCLC by meta-analysis. Methods All the English and Chinese literatures
for differential diagnosis of SCLC by serum ProGRP and NSE were collected. Sensitivity, specificity, likelihood ratio and diag-
nostic odds ratio were pooled using random-effect model. Summary receiver operating characteristic curve analysis was used
to evaluate the diagnostic value of serum ProGRP and NSE. Results Ten studies were included in the meta-analysis, with a
total of 2 536 cases. The sensitivity, specificity, positive likelihood ratio, negative likelihood ratio and diagnostic odds ratio of
ProGRP in the diagnosis of SCLC were 0.70, 0.93, 11.57, 0.32 and 36.45, and as for NSE those were 0.61, 0.90, 5.67, 0.4S and
13.08, respectively. The Q* value of ProGRP and NSE were 0.804 2 and 0.723 2. There was no statistical significance between
the two. Conclusion Comparing with NSE, ProGRP has higher specificity and similar discrimination ability, so ProGRP
might be a better index in the diagnosis of SCLC.
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Fig 1 Study identification, inclusion and exclusion for

meta-analysis

First author Country Study type Blinded design Consecutive or random Reference standard Cases  Quality score
Schneider™ Germany Prospective Unknown Consecutive Histology 298 28
Stieber™ Germany Retrospective Unknown Unknown Histology 314 27
Molina"? Spain Prospective Unknown Consecutive Histology 802 27
Nissan(™! Israel Prospective Unknown Consecutive Histology 162 28
Shibayama!™ Japan Unknown Unknown Consecutive Histology 359 26
Lamy!™! France Retrospective Yes Unknown Histology 245 29
Takadal'! Japan Retrospective Yes Consecutive Histology 326 30
Yamaguchil'”! Japan Unknown Yes Consecutive Unknown 602 29
Sunl'® China Unknown Unknown Unknown Histology 100 27
Yang!" China Unknown Unknown Unknown Histology 144 26

Quality score: score by using criteria from the quality assessment of diagnostic accuracy studies (QUADAS).
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Tab 2 Summary of results of ProGRP and NSE in included studies
First author ProGRP NSE

Assay method Cutoff (pg/mL) TP  FP  FN TN Assay method Cutoff (ng/mL) TP FP FN TN
Schneider!' ELISA 29.1 35 18 16 229 ELISA 9.6 38 35 13 212
Stieber™ ELISA 38.3 41 9 46 218 RIA 11.9 39 44 48 183
Molina2 ELISA 50 134 79 41 548 ELISA 25 114 50 61 577
Nissan('! ELISA 48 29 6 8 119 ELISA 22 18 12 19 113
Shibayama™ ELISA 49 74 1 40 234 ELISA 7.5 49 10 65 235
Lamy!s! ELISA 53 17 2 29 97 ELISA 17 110 4 36 95
Takadal's ELISA 33.8 73 22 28 203 ELISA 10.6 63 43 38 182
Yamaguchit"”) ELISA 50 80 6 47 469 ELISA 8.1 79 26 48 449
Sunl® ELISA 50 25 6 9 60 ECLIA 16.3 19 8 15 58
Yang!"! ELISA 46 46 9 17 72 ECLIA 16.3 40 16 23 65

ELISA: enzyme linked immunosorbent assay; RIA: radioimmunoassay; ECLIA: electro-chemiluminescence immunoassay; TP: true positive; FP:

false positive; FN: false negative; TN: true negative; ProGRP: pro-gastrin-releasing peptide; NSE: neuron specific enolase.

% 3 ProGRPHINSEMIEHEKE. SHFFME. SFHMHAL
Tab 3 Pooled sensitivity, pooled specificity, and pooled likelihood ration of ProGRP and NSE

Pooled sensitivity ~ Pooled specificity ~ Pooled Positive LR  Pooled Negativee LR Pooled DOR
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
ProGRP 0.70 0.93 11.57 0.32 36.45
(0.67-0.73) (0.92-0.94) (7.71-17.39) (0.26-0.40) (24.12-55.10)
NSE 0.61 0.90 5.67 0.45 13.08
(0.58-0.64) (0.88-0.91) (3.83-8.39) (0.37-0.55) (7.70-22.23)
LR: likelihood ration; DOR: diagnostic odd ratio; Cl: confidence interval.
% 4 metaElJAR TR FRIEHIRIER
Tab 4 Possible sources of heterogeneity of meta-analysis
ProGRP NSE
Coef V4 P Coef 4 P
Republic year -0.042 -0.92 0.355 -0.007 -0.12 0.907
Cases 0.000 0.05 0.963 0.001 1.2 0.229
Study type -0.107 -0.39 0.700 -0.141 -0.42 0.673
Consecutive or random 0.148 0.31 0.760 0.421 0.76 0.449
Blinded design 0.815 1.80 0.072 0.740 1.29 0.198
Assay method -0.427 -0.80 0.423 1.163 2.54 0.011

Coef: coefficient.
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Fig 2 Forest plots of sensitivity of ProGRP (A) and NSE (B)
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Fig 3 Forest plots of specificity of ProGRP (A) and NSE (B)
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Fig 4 SROC curve of ProGRP (A) and NSE (B)
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Tab 5 The influence of each trial for the outcome of the meta-analysis

First author ProGRP NSE
DOR 95%Cl DOR 95%Cl
Schneider!™ 38.07 24.03-60.30 12.69 7.08-22.69
Stieber(™ 39.04 24.89-61.22 15.38 9.82-24.10
Molinal™ 39.83 24.98-63.50 12.31 6.83-22.17
Nissan!3! 34.39 22.55-52.44 13.62 7.68-24.17
Shibayama'™ 36.46 23.02-57.75 12.68 7.09-22.68
Lamy!™! 32.57 22.44-47.29 11.24 6.71-18.82
Takadal'! 39.08 24.53-62.28 14.15 7.92-25.28
Yamaguchil 29.92 21.61-41.41 11.88 6.83-20.68
Sunt 37.50 24.10-58.35 13.54 7.67-23.93
Yang!"! 38.76 24.81-60.55 14.02 7.91-24.84
Combined 36.38 24.17-54.77 13.08 7.7-22.22
A B

B 5 ProGRP (A) #INSE (B) HyiR=tE
Fig 5 Funnel graph for ProGRP (A) and NSE (B)

3 g

AT A L0 5T T T meta sy, @25 IF2
WAkt . A SROCHZL L4 ProGRPFINSEX} SCLCH
ZWIRRE , I 3 TSR 8] S BT R R U A R AT e R
MR AE A IR 22, e a3 SR B 4 ARG T A 3% D
FRIPEAL AR R meta Sy T I AT F EE

AWM AR B 7R, ProGRPHINSEH 4 3 DORSS il
h136.45F1113.08, /8 34 5 SCLCH BB I AH &% ,
HProGRPIJAHSCHEH 5 . T % 5ISCLCHINSCLCHT,
ProGRPIBUE LA S I TNSE, o, SCHkYER
i 7RProGRPIVE FHYE F 2k A B B3, HEBRE PhRER:
HWRHE, LERAERIUCN2.5%, BAFyREh | NSER;
SEEEAS 2 B AT

SROCH{Z 78, ProGRPHINSERJAUCY) %] }0.873 7
H10.785 4, Q*Giit+43 0 00.804 2F10.723 2, i —# 4%
S SCLCHIHE i I 4 1) v ff B ¥4 38 81 o /R ProGRP

AUCHI Q¥ = FNSE, HZI I Lt it 255, Uil
ProGRP# % 51|58 1 I AR B AL TNSE,

T SROCH A A%, TEh RS2 bR T AE v i 44
A MHZTE, UK RN R R R . — R,
PLR>108{NLR<0.1, JEAH DUAf 2 s HEBR 2 W . AT
5515 i B ProGRP FINSEZ Wi SCLCHJPLR 3 Jil| A 11.57 Fl1
5.67, $E/RProGRPHE AT LUt Byl PR B2 A A Rz T,
FLA BT e R TN o {HProGRPHINSEFNLRS il
“40.327110.45, $&/n 3 TR AREHERRSCLC R AT fE

ASCIN AN IS [RIATFAE o B S M . e Spearmanii]
KRB, SFRvE S BEROY I, HFRAT@#H —
WoAlfrmetalm 1, K& F- 8 ProGRPFINSE 5 5 M4 1) A] fiE>
. RN, RFFER . FEAE . OIEERL B
PRI ERENL . B R E LA, Ul
W1 BT 22 A Sl A ST 45 R I BB 4k . AR
Je, FRATTREAG I Ty A A R PR B A T meta B 53T, H
TYH AR5 ProGRP [ AN 5 i ¥ ELISA, JoikAE

OO0odbgdn
www.lungca.org



* 1100

o [ i e 20104512 A 5135512 Chin J Lung Cancer, December 2010, Vol.13, No.12

Pt Bb—2 a2, R I DR 5 R s i A ) S
LA, S5 R IX [ RE N & Pro GRP 5 i 14 1) ok
I8, NSECLLENG RN I ZAE, HAGN Jr i FFELISA | H
R ARG, FERNMAAR L0, 700k
FHELISAJ7 A IMINSE RV, 2500 58 R FH Ak 2% ROk
PRI, VORI e AT A, metalnl I 0 RS
W7 75 AN ) 2 38 BUNSE S i PR 9 Ji Rl 22—, ] LA A
49.6% M) S AR . PR R S T B TR, (HANA
{1 SRR IS AR TR A5 99 A TR R, DR AR Y F 52 G
S R a T

h T FIRTAKE I R E M, FRATT AR US> 1R 5L
R TR0 TR AT . IR R, RO LR F ST
J&i, BHDORMR KA B, FERAK I TZ 1A
WML/, S HTas AR il s .

AR meta s AT RIBRYE . OmetaZy BT R FRYE . K5
RENH) SCHRAN S 4T . A 2R 1B R BRAE B 4 & R F
7%, MFRAFERNOUIIE, WMSUBEESCIIERI, W]
RETRAG — 2K SOk s M RIEFPRIBR T Hp Semsse, af
Re 2w A L B IEF ARG 5T s QAN ADFFE Y e B
ProGRPFINSEAE RSk ialae , SR B A A 745
W R R I S W I 1, T 2RO R R R R AR
FHE AN, AFAED S fa i T REM: . 250 i 9]
I LA R, SR R B R B 121
P, HLEWFROIEARTE ], IO BT S bR A
—, FTRES FEEE RN 2

25 L Jirik, ProGRPENSEA ML 2 WiZLRE, (H
ProGRPIYMRFHPEZR AL, SKNSER —Emiudt:, BA
e AC L FH i 5%

2 % X M

1 Garcia M, Jemal A, Ward E, et al. Global Cancer Facts and Figures 2007. At-
lanta, GA: American Cancer Society, 2007.

2 Thomas L. Clinical Laboratory Diagnostics: Use and Assessment of Cliniacl
Laboratory Results. Verlagsgesellschaft mbH: Germany, 1998.

3 Maruno K, Yamaguchi K, Abe K, et al. Inmunoreactive gastrin-releasing
peptide as a specific tumor marker in patients with small cell lung carcinoma.
Cancer Res, 1989, 49(3): 629-632.

4 Whiting P, Rutjes AW, Reitsma JB, et al. The development of QUADAS: a
tool for the quality assessment of studies of diagnostic accuracy included in
systematic reviews. BMC Med Res Methodol, 2003, 3: 25.

S Moses LE, Shapiro D, Littenberg B. Combining independent studies of a
diagnostic test into a summary ROC curve: data-analytic approaches and
some additional considerations. Stat Med, 1993, 12(14): 1293-1316.

6 Suzuki S, Moro-oka T, Choudhry NK. The conditional relative odds ratio

10

11

12

13

14

15

16

17

18

19

20

provided less biased results for comparing diagnostic test accuracy in meta-
analyses. ] Clin Epidemiol, 2004, 57(5): 461-469.

Thompson SG, Sharp SJ. Explaining heterogeneity in meta-analysis: a com-
parison of methods. Stat Med, 1999, 18(20): 2693-2708.

Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected
by a simple, graphical test. BMJ, 1997, 315(7109): 629-634.

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publica- tion bias. Biometrics, 1994, S0(4): 1088-1101.

Schneider J, Philipp M, Velcovsky HG, et al. Pro-gastrin-releasing peptide
(ProGRP), neuron specific enolase (NSE), carcinoembryonic antigen (CEA)
and cytokeratin 19-fragments (CYFRA 21-1) in patients with lung cancer in
comparison to other lung diseases. Anticancer Res, 2003, 23(2A): 885-893.
Stieber P, Dienemann H, Schalhorn A, et al. Pro-gastrin-releasing peptide
(ProGRP)--a useful marker in small cell lung carcinomas. Anticancer Res,
1999, 19(4A): 2673-2678.

Molina R, Auge JM, Bosch X, et al. Usefulness of serum tumor markers, in-
cluding progastrin-releasing peptide, in patients with lung cancer: correlation
with histology. Tumour Biol, 2009, 30(3): 121-129.

Nisman B, Biran H, Ramu N, et al. The diagnostic and prognostic value of
ProGRP in lung cancer. Anticancer Res, 2009, 29(11): 4827-4832.
Shibayama T, Ueoka H, Nishii K, et al. Complementary roles of pro-gastrin-
releasing peptide (ProGRP) and neuron specific enolase (NSE) in diagnosis
and prognosis of small-cell lung cancer (SCLC). Lung Cancer, 2001, 32(1):
61-69.

Lamy PJ, Grenier J, Kramar A, et al. Pro-gastrin-releasing peptide, neuron
specific enolase and chromogranin A as serum markers of small cell lung
cancer. Lung Cancer, 2000, 29(3): 197-203.

Takada M, Kusunoki Y, Masuda N, et al. Pro-gastrin-releasing peptide (31-98)
as a tumour marker of small-cell lung cancer: comparative evaluation with
neuron-specific enolase. Br ] Cancer, 1996, 73(10): 1227-1232.

Yamaguchi K, Aoyagi K, Urakami K, et al. Enzyme-linked immunosorbent
assay of pro-gastrin-releasing peptide for small cell lung cancer patients in
comparison with neuron-specific enolase measurement. Jpn J Cancer Res,
1995, 86(7): 698-705.

Sun J, Liu J, Yang BJ. The clinical value of serum pro-gastrin-releasing pep-
tide and neuron-specific enolase for small-cell lung cancer. ] Mod Lab Med,
200, 20(4): 11-13. [#hih, XU, AR 7. 1 ISR BERUIRAT ORI 2200
R S T A X/ 40 Y 3 £ DR 1 P A (. ARG 0 P 27 2%
5,2005,20(4): 11-13.]

Yang SY, Zhang WG, Sun XZ, et al. Significance and correlation between
serum proGRP and NSE in the early diagnosis of small cell lung cancer. J Xi’
an Jiaotong Univer (Med Sci), 2008, 26(3): 247-249. [#742: 2, 5Kk LN, #
T, 4. L 18 W 2RO ARt 2 G T A /N2 9
TLIGIZ W P AN (B R AN S, P 22 3838 R A 4R (R~ HiR). 2008,
26(3):247-249.]

Molina R, Auge JM, Alicarte J, et al. Pro-gastrin-releasing peptide in patients
with benign and malignant diseases. Tumour Biol, 2004, 25(1-2): 56-61.

(Wehis: 2010-08-03 f&[ul. 2010-08-09 )
(ARCH mis)

OO0odbgdn
www.lungca.org





