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1173 (EGFR-pTyr1173) RILHEGFREF R KR, KHFEEGFR-TKIIGYT F 7 A TMANE . Fik: K
ARV O 11395 (denaturing high performance liquid chromatography, DHPLC) £l1205451 i HANSCLC
BEHLIPEGFRIEENRA (19, 2140 B RA) 0L IR S A T7 A WL EGFR-pTyr1068. EGFR-
pTyr1173%ik. &R KIPINSCLCE Z H AP EGFR-pTyr 1068111733 i B4 3 73 5 2980. 0% (164/205)
57.6% (95/165) ; FLFRKIE S I PR ELEFAE (FEES . PRI RSB WRMRIRAS . B or 1) oA et . 44
EGFRIEIN RAZ R K44, 9% (92/205) , SRS I (P=0. 024) , 115 H ARG ARG BLERAE (PR, 4EES . 3L
HM L PRI oK. EGFREEH RAF HEGFR—pTyr106858 1k 2 9540 55k (P<0. 001) , HEGFR-—pTyr1173JoAH%
P (P=0. 297) o EGFRIENRAL R BFHEGFR-TKIVATT I M ZEf# 2 (objective response rate, ORR). HEi%i
# (disease control rate, DCR) FIH A TGtk @A (progress free survival, PFS) 43548, 3% (43/89) .
80.9% (72/89) #18. 84 H (95%CI: 6. 11~11.42), KW S & TEGFRER B AEM B HE [16.2% (17/105) .
56. 2% (59/105) 2. 11™~H, 95%CI: 0.89~3.24] , ZERAHIFE L (P<0.001, P<0.001, P=0.024);
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FART SR [37.9%(25/66) « 83. 3% (55/66) f17. 7™ H, P=0.123, P=0.007, P=0.016] . LAEGFRIE[X
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WFERERE (L 2D H) WREK, ZRASH 7R L (P<0.001) . 164IEGFR-pTyr1068H 4% HAFEGFR-
TKIE B3, FAPFSAL5. 64 H (95%CI: 7.28~23.9) » ZHEDHTE/R, EGFR-pTyr1068/2EGFRAELH T4
R FEEGFR-TK VA YT I 0 77 2% 50 Kl 1~ (OR=0. 24, 95%CI: 0.16~0.37, P<0.001). #it: EGFR—pTyrl1068
AJAE U FINSCLC & 35 48 SZEGFR-TK LR 7 FA R TUIN R 1, JEH6F INEGFRE: DR B A2 7Y 58 3% vh i 1B EGFR-TK LV 7
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[ Abstract] Background and purpose: EGFR-TKI (EGFR-tyrosine kinase inhibitors), represented by
gefitinib and erlotinib, have exhibited significant antiproliferative effects against non-small cell lung cancer (NSCLC)
with low toxicity. EGFR gene mutation was discovered to be a predictive biomarker for EGFR-TKI treatment.
Although the efficacy of EGFR-TKI is limited to EGFR wild-type patients, it is still noticeable suggesting that some
other mechanisms are responsible for it. The current study is aimed at evaluating the expression of phosphorylated
EGFR in advanced NSCLC, investigating its relationship with EGFR mutations and EGFR-TKI efficacy. Methods:
EGFR gene mutations were detected by denaturing high performance liquid chromatography (DHPLC) in 205 stage
IMB-IVNSCLC patients. The expressions of phosphorylated tyrosine 1068 (pTyr1068) and 1173 (pTyrl1173) were
detected by immunohistochemistry. Results: The positive expressions of pTyr1068 and pTyr1173 were 80.0% (164/205)
and 57.6% (95/165) respectively. None of them were related to clinical pathological characteristics (age, gender,
pathological type, smoking status, disease stage). EGFR gene mutation rate was 44.9% (92/205), which was only
related to smoking status (P=0.024) compared to other clinical pathological characteristics. EGFR gene mutations were
poorly related to pTyr1068 expression (P<0.001) and not related to pTyr1173 expression (P=0.297). The objective
response rate (ORR), disease control rate (DCR), and progressive free survival (PFS) of EGFR-TKI treatment in
patients with EGFR mutations were 48.3% (43/89), 80.9% (72/89) and 8 months (95%CI: 6.11-11.42) respectively,
which were significantly higher than that of EGFR wild-type patients [ORR=16.2% (17/105, P<0.001); DCR=56.2%
(59/105, P<0.001); Median PFS: 2.1 months, (95%CI: 0.89-3.24; P=0.001)]. Superior ORR: DCR and PFS appeared
in patients with pTyr1068 positive expression compared to negative [ORR: 37.7% (58/154) vs 5.0% (2/40, P<0.001);
DCR: 74.7% (115/154) vs 40.0% (16/40, P<0.001); Median PFS: 7.0 months vs 1.2 months, P<0.001)]. Inversely, the
patients with pTyr1173 positive expression had lower ORR, DCR and shorter PFS [ORR: 27.8% (25/90) vs 37.9%
(25/66, P=0.123); DCR: 64.4% (58/90) vs 83.3% (55/66, P=0.007); Median PFS: 4.8 months vs 7.7 months (P=0.016)].
In subgroup of EGFR wild-type patients, positive expression of pTyr1068 was 69.0% (69/100). EGFR wild-type
patients with pTyr1068 positive expression had a prolonged PFS and elevated ORR and DCR compared to negative
[median PFS: 3.6 months vs 1.2 months (P<0.001); ORR: 23.2% vs 3.2% (P=0.010); DCR: 69.6% vs 35.5% (P=0.001)].
Sixteen patients with pTyr1068 positive expression who responded to EGFR-TKI treatment in this subgroup had a
remarkable PFS [median PFS: 15.6 months (95%CI: 7.28-23.9)]. Multiple factor analysis showed that the expression
of pTyr1068 was an independence predictor factor for EGFR-TKI treatment (OR=0.24, 95%CI: 0.16~0.37, P<0.001).
Conclusion: Phosphorylation at Tyr1068 of EGFR might be a potential predictive factor for clinical response and
survival of EGFR-TKI treatment in patients with advanced NSCLC, especially in EGFR wild-type patients.

[Key words] Advanced non-small-cell lung cancer; Epidermal growth factor receptor phosphorylation;
Epidermal growth factor receptor mutation; Epidermal growth factor receptor-tyrosine kinase inhibitors; Predictive

factor.
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Tab.1 EGFR gene primer sequence

Primer sequence

EGFRI19F 5’-CAGATCACTGGGCAGCATGTGGCACC-3”
EGFRI19R 5’-AGCAGGGTCTAGAGCAGCAGCTGCC-3’
EGFR19NF 5’-AACGTCTTCCTTCTCTCTCTGTCA-3’
EGFRI9NR 5’-CCACACAGCAAAGCAGAAACT-3’
EGFR21F 5’-TCAGAGCCTGGCATGAACATGACCCTG-3’
EGFR21R 5’-GGTCCCTGGTGTCAGGAAAATGCTGG-3’
EGFR2INF 5’-CAGGAACGTACTGGTGAAAACA-3’
EGFR2INR 5’-GAAAATGCTGGCTGACCTAAAG-3’
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<2 MBI, =2 M.
123 FROFH
WAERECISTHRfEHATITROT M, 702K
SE % f# (complete response, CR); #P522fit
(partial response, PR); JJii i (progressive
disease, PD)FI¥ikifaE (stable disease, SD),
DL CR+PRITH & WL 2 i % (objective response
rate, ORR), DACR-+PR+SDi15 %% £ il K
(disease control rate, DCR), JC¥Jn ik FEHT[H]
(progress free survival, PFS)iE X MEE—IK
EGFR-TKI%; 24 LR IR T: . BRI
(overall survival, OS)7E X AIF4f M IREGFR-TKI
BT R BE ST BOR KR DT E] . B kb B
WA A R BRI R T R U R R, R DU
Ja— W FEYT B 25 R EEHAT 0 b . RIKBEDT
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11(42.9%)5E17
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t 1940 B 75875 [ %4 24.49%(50/205), 214k
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FEAECHEN . AR . BRSSO e
(P>0.05, 3),

TE194 %4 Z EGFR-TKLIR YT 1 R &
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A% 5 I R BLRRAE E AT 2 R b R B
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EGFRIEHARARORRY & FEF AR [ —48 222 EGFRARALERER1068F A

ORR: 59.19%(13/22) vs 24.19%(7/29); — k% EGFR-pTyrl10683 ik HM %L N
£EORR: 46.9%(30/65) vs 14.19%(10/73) ] , 225  80.0%(164/205), H. 335 5 R #LARIE (4F
PG EE L (P=0.012, P<0.001, F4), [F] & MRS, WEEEREL . WRIRAS . B o)1y
Ff, EGFRILHZZLRIBEPFS K TR AR EWIRARIE(ES, #£3).

HIPFS: 8.8 Hvs 2.1, P=0.024, [K2),

F2 20501 FF Il RREFHE

Tab.2 Clinicopathologic characteristics of 205 patients

Clinicopathologic characteristics Number Percentage/%
Gender

Male 99 52.9

Female 106 47.1
Age

Median age 61

Age range 28-84

=62 120 58.5
Smoking history

Never 116 56.6

Ever 74 36.1

Unknown 15 7.3
Pathology

ADC 169 82.4

Non-ADC 35 17.1

Unknown 1 0.5
Stage

I 35 17.1

v 168 82.0

Unknown 2 1.0

ADC: Adenocarcinoma.
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Fig.1 EGFR 19 exon, 21 exon mutation by DHPLC
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&R 4 EGFREERZESEGFR-TKIFFHX R
Tab.4 Relationship between EGFR mutation and EGFR-TKI efficacy

[n(%)]
Parameter EGFR-TKI
First Second
EGFR mutation + - P value + - P value
Total 22(43.1) 29(56.9) 65(47.1) 73(52.9)
ORR 13(59.1) 7(24.1) 0.012 30(46.9) 10(14.1) <0.001
DCR 19(86.4) 19(65.5) 0.084 53(82.8) 40(56.3) 0.001
PFS
Median/month 9.1 2.0 0.019 8.2 2.1 0.013

95%CI 4.86-13.34 0.00-4.18 4.41-11.92 0.86-3.34
A B 1.0
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Fig.2 Progress free survival curves according to each biomarker

A: Progression-free survival curves according to EGFR mutation; B: Progression-free survival curves according to phosphorylated tyrosine 1068; C:
Progression-free survival curves according to phosphorylated tyrosine 1173.
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Fig. 3 EGFR phosphorylation at tyrosine 1068 (pTyr1068) and 1173 (pTyr1173) by IHC

(SP, x200)

A: pTyr1068 positive; B: pTyr1068 negative; C: pTyr1173 positive; D: pTyr1173 negative.
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M74.7%(115/154), W & TR IA BB H
[ 5.0%(2/40)F140.0%(16/40) | , 2Z3HH G
P12 L (P¥<0.001, 222), EGFR-pTyr1068
TR PERF DA PESHT.ONH , BFIEH
PERFE( 2 BERK, ZRASITHE
X (P<0.001, [¥2), ZHESHT R, EGFR-
pTyr1068# ik ZEGFR-TKI[)JORR(OR=0.24,
95%CI: 0.16~0.37, P<0.001)FIPFS(HR=0.21,
95%CI: 0.13~0.34, P<0.001)f4l~7 50 Rl 2%

PLEGFRAE N 58 AR RS 43 )2 04T W41 43 At
WR(FES, El4), [EEGFREDEA:®I g,
EGFR-pTyr1068%% ik [H % 469%(69/100)
EGFR-pTyr10683 ik [ F1 e 1k B 14 £ # ORR
A3 423.2%(16/69)F13.2%(1/31), DCR4:

$169.6%(48/69)F135.5%(11/31), 2% FI4 5t
25 Y (P=0.010, P=0.001); EGFR-pTyrl068
FIkPHME B F P AIPFS 3.6 H , BEKLkH
HEREA2NDHARIER, Z2RA5I#E X
(P<0.001), 7EEGFRIEREFARIEH T, EGFR-
TKEAIF17HAFIPR, HA 16fEGFR-pTyr1068
FEEBHME; SDE 534, 48f|EGFR-pTyr1068
FKiEHME, L oWrErR, 16/|[EGFR-
pTyrl068F ik, HATEGFR-TKIIAYT AR
HWHAIPFS 5.6 H (95%CI: 7.28~23.9, [l
5), ZHZEMPER, EGFR-pTyrl068/&EGFR
JE PR P A= 780 B % BEGFR-TKIIEY 7 (0 ST 7 25 5im)
[HF(HR=0.17, 95%CI: 0.08~0.34, P<0.001),
223 EGFR&BALEERBR1173 5%k

EGFR-pTyrl173E£KHMEE N
57.6%(95/165), H K 5lfi A HLRFAE (R |
PR . BRI WRARAS | B A ) e
WAHRPE(EZ, #2).

* 5 WEGFREEZRTRESESHEGFR-pTYr1068 5EGFR-TKITX %
Tab.5 Relationship between EGFR-pTyr1068 and EGFR-TKI efficacy stratified by EGFR mutational status

[n(%)]
EGFR mutational status
Parameter - -
Wild type Mutational type

pTyr1068 + - P value + - P value
Total 69(69.0) 31(31.0) 78(90.7) 8(9.3)
ORR 16(23.2) 1(3.2) 0.010 42(53.8) 1(12.5) 0.029
DCR 48(69.6) 11(35.5) 0.001 67(85.9) 5(62.5) 0.118
PES

Median/month 3.6 1.2 <0.001 9.1 4.6 0.224
95%CI 1.03-6.30 1.00-1.46 6.25-11.94 0.00-11.53

EGFR: Epidermal growth factor receptor; pTyr: Phosphorylated tyrosine; CR: Complete response; PR: Partial response; SD: Stable disease; ORR:
Objective response rate; DCR: Disease control rate; PFS: Progression-free survival.
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Fig. 4 Progression-free survival curves stratified by EGFR mutational status

A: EGFR mutational status; B: EGFR wild status.
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Fig. 5 Progress free survival curves of 16 patients’ response to

EGFR-TKI with EGFR wild status and pTyr1068 positive

YFEGFR-pTyr1173%ik 5EGFR-TKIJ 74 %
ForMribos, PR HAHC, BIEGFR-pTyrl173
Ak FIPES BA EAF 7 RO K i PFS, R
ETEORRYT M EGFR-pTyr 11733k TR # 5
FikIEE2ZF TG FE L [ 27.8%(25/90)
vs 37.9%(25/66), P=0.123] , {H 5EGFR-

pTyr11733%3K BHH: FIZ 38 14 B # DCR A3 A
64.4%(58/90)F188.3%(58/66), % FAL T3¢
Y (P=0.007), EGFR-pTyrl1733k fHME S E
fiPFS 4.8~ H , BEGFR-pTyr1173 kA H
(7.7 H)W B4 5 (P=0.009,  [¥12),
2.3 HAWtrEMEHEEX RS
EGFR-pTyr10683% ik 5 EGFRIE &AL
ELEAHOC, 16 EGFRIE [F 28 78 10 F1 BF A= Al
Z i, EGFR-pTyrl10683 ik FH M = 4 5 Ny
92.39%(84/91)F170.8%(80/113), 2% 5H Giit2#i
Y.(P<0.001); EGFR-pTyrl17333i55EGFRILH
AR MIEGFR-pTyr10683 1534 JCHH B AH M (R
6). W3 AYIREDHATH G AT R, [FE
HAEGFRZEZSFHVE . EGFR-pTyr10683 1k fH
MEGFR-pTyr11733&3k 144 X EGFR-TKIE A
Bl BT RORAEAE3k2E [ ORRM66.7%(20/30),
DCR}96.7%(29/30), H{iiPFSN12.84H,
P<0.001, %71 o {HX—Z5 5 R F1%0 b= U
& 77,
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Tab. 6 Relationship between EGFR mutation and EGFR phosphorylations
[n(%0)]
EGFR mutation pTyrl068 pTyrll73
Parameter
+ - P value + - P value + P value
Total 92(44.9) 113(55.1) 194(80.5)  47(19.5) 95(57.6)  70(42.4)
. + 84(91.3) 8(8.7) <0.001 41(54.7)  34(45.3) 0.297
EGFR mutaiton
- 80(70.8) 33(29.2) 54(60.0)  36(40.0)
+ 84(51.2) 80(48.8) <0.001 82(61.2)  52(38.8) 0.069
pTyr1068
8(19.5) 33(80.5) 13(41.9)  18(58.1)
+ 41(43.2) 54(56.1) 0.297 82(86.3) 13(13.7) 0.069
pTyrl173
34(48.6) 36(51.4) 52(74.3) 18(25.7)
EGFR: Epidermal growth factor receptor; pTyr: Phosphorylated tyrosine.
R7 EVEEWEEI
Tab.7 Combinatory analysis of biomarkers
[n(%0)]
Combinatorial mode
Paramete Mutation+  Mutation- Mutation+ Mutation- Mutation+ Mutation- Mutation+ Mutation- P value
arameter
pTyr1068+  pTyrl068+  pTyrl068-  pTyrl068-  pTyrl068+  pTyrl068+  pTyrl068- pTyr1068-
pTyrl173+  pTyrll173+  pTyrll73+  pTyrl173+  pTyrll73- pTyrl173- pTyrl173-  pTyrll73-
Total 35(22.4) 42(26.9) 5(3.2) 8(5.1) 30(19.2) 19(12.2) 2(1.3) 15(9.6)
ORR 16(45.7) 7(16.7) 1(20.0) 1(12.5) 20(66.7) 5(26.3) 0 0 <0.001
DCR 28(80.0) 26(61.9) 3(60.0) 1(12.5) 29(96.7) 17(89.5) 1(50.0) 8(53.3)  <0.001
PFS
Median/month 6.3 3.1 4.6 12.8 6.6 0.4 1.4 <0.001

pTyr: Phosphorylated tyrosine; ORR: Objective response rate; DCR: Disease control rate; PFS: Progression-free survival.
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