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[ Abstract ] Background and objective Lung cancer is the most common malignant tumor in clinic. The prognosis
of advanced patients is poor, and the S-year survival rate is low. Therefore, early diagnosis becomes the key to improve the prog-
nosis of patients. In recent years, with the development of molecular biology technology, aberrant modification of some driver
genes, such as methylation, has become an important method for early diagnosis of lung cancer. The purpose of the present
work was to quantitatively evaluate the diagnostic value of abnormal hypermethylation in short state homeobox 2 (SHOX2)
promoter region in lung cancer by evidence-based medicine. Methods We searched MEDLINE, EMBASE, Ovid, Web of Sci-
ence and CNKI for literatures related to the relationship between SHOX2 gene promoter hypermethylation and lung cancer.
The data of SHOX2 promoter hymethylation in the original study were extracted. The diagnostic sensitivity, specificity and
area under receiver operating characteristic (ROC) curve of SHOX2 promoter methylation were calculated. Results Finally, 13
publications were included in this meta-analysis, and due to significant statistical heterogeneity among the studies (P<0.05) the
data was pooled by random effect model. The diagnostic sensitivity and specificity of SHOX2 promoter hypermethylation in
the diagnosis of lung cancer were 0.75 (95%CI: 0.74-0.77) and 0.89 (95%CI: 0.88-0.91), respectively; The positive likelihood
ratio value was 6.75 (4.56-9.99), and the negative predictive value was 0.36 (0.25-0.52); The diagnostic odds ratio was 23.16
(11.34-47.31), and the area under the ROC curve was 0.9. Conclusion SHOX2 gene promoter hypermethylation is high in se-
rum, broncholavage fluid and pleural effusion of lung cancer patients, which can be used as a biomarker for auxiliary diagnosis
of lung cancer.

[ Key words ] Lung neoplasms; SHOX2 gene; Promoter; Methylation; Meta-analysis

[ Competing interests ] The authors declare that they have no competing interests.

it 98 2 PR e A WL ARk g, o B JRIFE T RO SE—A o AT SR A W AR, 202 14F L SE TN
g BT A 11 235,760151, ET-131,880%1, ilifis Rl A &
P R NBET 23 f e 1A M g ), 30 g 8 3 B4 7 AT

000000
www.lungca.org

PR AL 100080 Jbst, JbstiiiE BEBEMSMRE CGEIRAER : 2
¥, E-mail: HuangyuqingSSS@qq.com )



o [ il e 2% 5202 14F 7 H 552454578 Chin J Lung Cancer, July 2021, Vol.24, No.7 © 4971 o

AN EEATRIT USRS, TS 22, ST
HAG, PRI, XA TR R 2 o E D

5/ N[EIURHE2 (short stature homeobox 2, SHOX2) HLFR
Sk [ RHE 25 F1 O g1 2 X sl e X AH G [RIVEHE & FISHO THE A,
SHOX2HE PRI 4t i 1) 25 1 2 [ R HE JiE R R M ) — B, R0
S5 & AR R DNAL A A 601 B SL AR TR L . [R)RAE 5
FION ITE RN 12 b e sk i T 7, AR 4
(AT E . AR A BT WS, SHOX 23 G 2hF1X
Sl S v AL S e ) A R SR G, B R v
AR Rl 2 A=A il 01T 5 8 F AR SR SR R 0
AKX, B TTFERIE TSHOX2FE N h T L &k 4R
SR A it £ 5 1 BRI K A 0 s A AR 9
1, Wi R LI S A SHOX 2 3L R S 3 F i Ak %
R T IR RS (B 6T SHOX23E R 3 3h i 44k
VEA it FR S WA D2 b s T A T PRI S e AT S 4
A5 R G IR B2 24 1) i A PR SHOX 2Jr 8 7 IX 5k
B A L AR

1 MR57EE

1.1 SCHkEGE RGok: ZMedline, EMBASE, Ovid, Web of
Science ., "M T 4 SRR (CNKI) i L SHOX 2.2
PR 21 DI A 5 98 DG A B9 RH G SCRiR, 4G R 5 A
RPAEFIDE, LI“SHOX2”, “Short stature homeobox 27,
“OGI12”, “SHOT”. “OG12X”, “non-small cell lung cancer”,
“lung cancer”. “lung neoplasm”ﬁ\jﬁ A, K& Medline
EMBASE ., Ovid, Web of ScienceZF e SCEUHE R ; L) “Jlilidea”
Wil AR NARARL R/NFEIR G L BE A “SHOX 2"
RSB B A A ZRCNKIH SRR o [, Fefl T 4h
ARSI S 25 SCRREA T E 25T Al UG AT RERT & 22
REWTFE.

DT s QTINS5 - il 20 2 22 B~ 400 =
Wi12; ORINTT ik HEWRAHSHOX 25 N 8l 1 2
AR R LA RE 5P EPCR (methylation specific PCR,
MSP) J5 Al @H5AR : AR FFE 45 1 s [ 5T
H i R R R A A SR A P Y SHOX 2 3K N /R
EIRRLIE IR TE

1.3 Jn S PRI X058 | EIMRT 9 ARG AT 5T 7E
1203 AR BOSE EAF R, SRR N A ZAA
WS — MO0, AR — A1 [R5 3R], A4k

MR NP R R HIRARAS N7 3% 5 JRURBIF TS 45 08
SRR, BLIE AR TE b 40 s AT AL 5 i i
Xif HE S  4  ZUbR AR P SHOX 2 BE R 21 7 R Bk 4
L4 SCERBUR RO DAOULSEME AT i A 0IF 52 4 o MLTE
(strengthening the Reporting of Observational Studies in
Epidemiology, STROBE) 1T 51|12 i Ay 075 0 H I ER A A
I, XTI AT IR | 2 BT L J7 ik, SR
W22 NI H AT BTN, BT H 153, 70022
e
1.5 it r ik Bl R Hmeta-DiScl.4 (http://www.
biomedsearch.com) GEH #7404, TEIC AR Z Hijes
PTG A R A PR, SH17>50%I, AN AT
TEGET 27 5 U SR T RATL A RS Y, 5z 22 SR Il 288
BRI T 5 0T, P<0.0SHTFTEGE 225 7

2.1 KR AL R R AHSCE FE) AL 35 8 6 8 i AH G SCHR

TN A, BIRER &R CHR445, 38 R AR
T EE 5 BRI S ANAF 5 BER SR8 00, o J ik e 13242 3¢
PIBRATT B ZOR A SCIR LU, S AAR U meta 3B 3C
HR13FE7 (BI1) , 130 SCHRIEEAE B0 WL 3R 1.

2.2 SRS SHOX2HEH 5 2+ H L2 Wi iz i
ROV | A e L B OO . B O B2 a2 W I 4
SRR AR TG 2 R A T, ARG
(P<0.05) , Fls &5 IR HIBEHLAS WA AY

2.3 MetaZ3HT SHOX 23 K5 2l i FH RE A2 Wi i (14
JEEH0.75 (95%CI: 0.74-0.77) (E12) | Fr5FE53 51 50.89
(95%CTI: 0.88-0.91) ([¥13) ; FHMETMIE 16.75 (4.56-9.99)
(El4), BHYEBMAE ~0.36 (0.25-0.52) (Es) ; Wil
P h23.16 (11.34-47.31) (Kl6) , 52X TAEFRFIEMIZ
(receiver operating characteristic curve, ROC) I 40.91
(7)o AR H L RRA B, HAT 7L,

HARLERS,

3 g
AW 0 S EUE B 2F 07 A BT TSHOX 2)3 8 1

DX I 3 AR 32 W it g A A . 25 SR LA A T 13T 5%
/R SHOX 23 i 8l W 3 Ak 12 W i 8 1) U M 0.75

FR; A IE I FEARE, @?ﬁﬁﬁﬁﬁﬂ?ﬁﬂﬁﬁéﬁ%ﬁi D(9ﬁ1:ﬁ4-0.77) RS 40.89 (95%CI: 0.88-0.91) ;

www.lungca.org



492 - o g 24 75202 14F 7] 55244 4571 Chin J Lung Cancer, July 2021, Vol.24, No.7

£ 1 WANARHIERFE
Tab 1 General characteristics of the included studies

Author Time Sample size Cancer Control TNM Tissue Country STROBE
(M+/M-) (M+/M-)
Wang NB! 2018 120 57/23 1/39 I-1v Serum China 9
Rong QP! 2018 48 18/20 2/8 /v Serum China 1
Zhang YM"! 2016 277 98/32 34/113 NA BLAF China 9
Ren M@ 2017 253 79/44 10/120 I-IvV BLAF China 14
Schmidt B®! 2010 523 190/91 12/230 I-IvV BLAF German 12
Kneip C1'@ 201 343 112/76 16/139 -V Serum German 14
Dietrich D" 2012 204 78/22 4/100 I-1v BLAF German 13
Konecny M2 2016 63 31/6 4/22 NA BLAF German 1"
Konecny M2 2016 59 20/1 6/22 NA Serum German 13
Wang CH"™! 2016 243 79/44 8/112 NA BLAF China 8
lIse P14l 2014 118 48/27 1/42 NA BLAF German 12
Dietrich D" 2013 114 7/51 0/56 NA Pleural effusion German 14
Li SFue! 2014 47 10/18 0/9 NA Pleural effusion China 10
llse P71 2013 719 138/138 70/373 NA Pleural effusion German 13

BLAF: bronchoalveolar lavage fluid; NA: not available; M+/M-: methylation positive/methylation negative; TNM: tumor node metastasis;
STROBE: strengthening the Reporting of Observational Studies in Epidemiology.

R 2 MAZANHRPERE. [BRIAE. BRBEFERESIESHIER
Tab 2 The TP, FP, FN and TN distribution of the include studies

Author Time Sample size TP FP FN TN
Wang N©&! 2018 120 57 1 23 39
Rong QP®! 2018 48 18 2 20 8

Zhang YM™! 2016 277 982 34 32 113
Ren ME! 2017 253 79 10 44 120
Schmidt B! 2010 523 190 12 91 230
Kneip Cl' 2011 343 112 16 76 139
Dietrich D! 2012 204 78 4 22 100
Konecny M2 2016 63 31 4 6 22
Konecny M'2 2016 59 20 6 1 22
Wang CH"™! 2016 243 79 8 44 112
lise Pi14l 2014 118 48 1 27 42
Dietrich D" 2013 114 7 0 51 56
Li SFuel 2014 47 10 0 18 9

llse PU71 2013 719 138 70 138 373

TP: true positive; FP: false positive; FN: false negative; TN: true negative.
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Tab 3 Subgroup analysis of SHOX2 gene hypermethylation for lung cancer

Group SEN SPE +LR -LR DOR AUC
Serum 0.61(0.56-0.67) 0.89(0.85-0.93) 4.73(2.26-9.90)  0.44(0.33-0.59) 11.37 (4.33-29.84) 0.62
BLAF 0.85 (0.83-0.86) 0.91 (0.89-0.93) 9.12 (5.39-15.46)  0.23(0.14-0.39) 44.62 (25.31-78.65) 0.94
Pleural effusion 0.43 (0.38-0.48) 0.86 (0.83-0.89) 3.22(2.53-4.11)  0.71(0.48-1.04) 5.47 (3.88-7.70) 0.70

SEN: sensitivity; SPE: specificity; +LR: positive likelihood ratio; -LR: negative likelihood ratio; DOR: diagnostic odds ratio; AUC: area under ROC
curve; SHOX2; short stature homeobox 2; ROC: receiver operating characteristic.
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Sensitivity (95% CI)
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— e Rong QP[6] 071 (0.60-0.81)
Zhang YM[7] 0.97 (0.96-0.98)
—— Ren M[8] 064 (055-0.73)
—@— Schmidt B[9] 0.68 (0.62-0.73)
—0— Kneip C[10] 060 (0.52-0.67)
Dietrich D[11] 0.78 (0.69-0.86)
— Konecny M[12] 064 (052-0.75)
° Konecny M[12] 084 (0.68-0.94)
. Wang CH[13] 065 (0.45-081)
—— lise P[14] 064 (0.55-0.73)
_ Dietrich D[15] 036 (0.19-0.56)
- Li SF[16] 0.50 (0.44 - 0.56)
— lise P[17] 0.12 (0.05-023)
i Pooled Sensitivity = 0.75 (0.74 to 0.77)
Chi-square = 636.00; df = 13 (p = 0.0000)
0 0.2 04 0.6 0.8 1 Inconsistency (I-square) = 98.0 %

Sensitivity
B 2 SHOX2EFE B F X RE = R E LIS M iR s R R FR ik E

Fig 2 Forest plot of SHOX2 gene hypermethylation for lung cancer
diagnostic sensitivity

Positive LR (95% Cl)

° Wang N[5] 237 (0.66-8.55)
®—1{| Rong QP[6] 28.50 (4.09 - 198.39)
& Zhang YM[7] 419 (3.12-562)
—@— Ren M[8] 8.35 (4.54-15.37)
—o— Schmidt B[9] 13.64 (7.81-2381)
-0 Kneip C[10] 577 (3.58-9.31)
— Dietrich D[11] 20.28 (7.71-53.31)
L 4 Konecny M[12] 27.52 (3.94 - 192.36)
Konecny M[12] 545 (2.19 - 13.56)
e Wang CH[13] 3.01 (1.41-6.41)
—— lise P[14] 9.63 (4.87 - 19.06)
° Dietrich D[15] 7.24 (0.47 - 112.65)
@ Li SF[16] 316 (2.48-4.04)
P lise P[17] 14.49 (0.85-247.91)
P Random Effects Model
Pooled Positive LR = 6.75 (4.56 to 9.99)
Cochran-Q = 57.93; df = 13 (p = 0.0000)

0.01 1
Positive LR

100.0 Inconsistency (I-square) = 77.6 %
Tau-squared = 0.3246
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Fig 4 Forest plot of SHOX2 gene hypermethylation for lung cancer
diagnostic positive likelihood ratio

Diagnostic OR (95% CI)

1 Wang N[5] 360 (0.67-19.22)
Rong QPI6] 96.65 (12.53 - 745.65)
—{ Zhang YM[7] 101.99 (60.60 - 171.64)
—— Ren M[8] 2155 (10.25 - 45.29)
—@— | Schmidt B[9] 4002 (21.27-75.28)
@ Kneip C[10] 12.80 (7.07-23.18)
——@ Dietrich D[11] 88.64 (29.34-267.81)
Konecny M[12] 7467 (9.72-573.34)
——@ ]| Konecny M[12] 28.42 (7.16-112.74)
e Wang CH[13] 6.67 (2.08-21.36)
—@— | liseP[14] 2514 (11.22-56.31)
® Dietrich D[15] 10.78 (0.57 - 204.58)
S Li SF[16] 533 (3.76-7.54)
® lise P[17] 1646 (0.92 - 29537)
o Random Effects Model
Pooled Diagnostic Odds Ratio = 23.16 (11.34 to 47.31)
Cochran-Q = 117.27; df = 13 (p = 0.0000)

0.01 1 100.0 Inconsistency (I-square) = 88.9 %
Diagnostic Odds Ratio Tau-squared = 1.3957

6 SHOX2EEBHMFREFERFELISHAMIS A E LR RE
Fig 6 Forest plot of SHOX2 gene hypermethylation for lung cancer
diagnostic odds ratio
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Specificity

Specificity (95% CI)

Wang N[5] 0.80 (0.44-0.97)
Rong QP[6] 098 (0.87-1.00)
Zhang YM[7] 077 (0.69-0.83)
Ren M[8] 092 (0.86-0.96)
Schmidt B[9] 095 (0.91-097)
Kneip C[10] 090 (0.84-0.94)
Dietrich D[11] 096 (0.90-0.99)
Konecny M[12] 098 (0.88-1.00)
Konecny M[12] 085 (0.65-0.96)
Wang CHI[13] 079 (0.59-0.92)
lise P[14] 093 (0.87-0.97)
Dietrich D[15] 100 (066 - 1.00)
Li SF[16] 0.84 (0.80-0.87)
lise P[17] 100 (0.94-1.00)

Pooled Specificity = 0.89 (0.88 to 0.91)
Chi-square = 76.84; df = 13 (p = 0.0000)
Inconsistency (I-square) = 83.1 %
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Fig 3 Forest plot of SHOX2 gene hypermethylation for lung cancer
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0.01 il
Negative LR

100.0

Negative LR (95% C

Wang N[5] 0.66 (0.43-1.01)
Rong QP[6] 029 (0.21-0.42)
Zhang YM[7] 0.04 (0.03-0.06)
Ren M[8] 039 (0.30 - 0.49)
Schmidt B[9] 0.34 (0.29 - 0.40)
Kneip C[10] 0.45 (0.38-0.54)
Dietrich D[11] 0.23 (0.16-0.33)
Konecny M[12] 0.37 (0.27-0.50)
Konecny M[12] 0.19 (0.09 - 0.41)
Wang CH[13] 045 (0.27-0.75)
lise P[14] 038 (0.30 - 0.49)
Dietrich D[15] 0.67 (0.49-0.91)
Li SF[16] 059 (0.52-0.67)
lise P[17] 0.88 (0.80-0.97)

Random Effects Model

Pooled Negative LR = 0.36 (0.25 to 0.52)
Cochran-Q = 495.42; df = 13 (p = 0.0000)
Inconsistency (I-square) = 97.4 %
Tau-squared = 0.4756
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Fig 5 Forest plot of SHOX2 gene hypermethylation for lung cancer

diagnostic negative likelihood ratio

SROC Curve

Sensitivity
1

Symmetric SROC
AUC = 0.9096
SE(AUC) = 0.0256
Q*=0.8416
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Fig 7 Summary receiver operating characteristic (SROC) curve of
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