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ABSTRACT 

Background: 

The management of non-small cell lung cam:cr l ~C l (') has undergone a maJor 

revolution in diagnosis and tn.:atmenl over the p:1st tl.•" ' years. The detection of 

cpidcnnal growth factor receptor (EGFR) m1ll tll ilms has cnahk d advanced NSCLC to 

be treated with EGFR-tyrosine kinase inhibitors (TKls). However. most patients treated 

with first- or second-generation EGFR-TKls inevitably develop acquired resistance and 

disease progression. 

Object ives 

This study was conducted to detennine the incidence of T790M mutation as an acquired 

resistance mechanism in patients with advanced EGFR-mutant NSCLC who have 

developed disease progression while on first- or second-generation EGFR-TKI therapy, 

and the clinical characteri sti cs of such patients while being treated at the University of 

Malaya Medical Centre. This study also aimed to compare the clinical characteri stic. of 

patients with acqui red T790M mutation, causing resistance to lirst-linc EGFR-TK I 

treatment, with that of patients who develop resistance to first-line EGFR-TKI treatment 

not due to acquired T790M mutation. 

Methods: 

This retrospective observational study evaluated EGFR-mutant advanced NSCLC 

patients on EGFR-TKI therapy who have developed disease progression during the 

period from I st August 2015 to 211
ll August 20 17 at University of Malaya Medical 

Centre. Patients with disease progression. according to Jackman's criteri a. underwent 
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liquid and/or tissue re-biopsy to detect the secondary T790M mutation in ex.on 20 of the 

EGFR gene. 

Results: 

The data from a tot;il or 68 patients whn met thl' study ind usinn criteria were analysed. 

Six patients underwent only liquid hinpsy. 36 patient::: underwent tissue re-biopsy and 

15 underwent liquid hiopsy and 11 ti ssue re-biopsy. Out of the 68 patients studied, 

T790M mutation was detected in 35 patients (51.4° o). T790M mutation was detected in 

the plasma of I 0 pat ients. in tissue re-hiopsy specimens of 20 patients and in both the 

plasma and tissue re-biopsy specimens of 5 patients. From the total of 68 patients, 57 

(84.0%) were treated wi th first-generation EGFR-TKI and I I were treated with sccond

generation EGFR-TKI. Patients treated with first-generation EGFR-TKI were less likely 

to develop T790M mutation compared to those treated with second-generation EGFR

TKI (52.6% vs 45.5%, p=0.9 15). 

The duration of first-line EGFR-TKI treatment was numerically longer in those patients 

who acquired T790M mutation (l 3.8 months) compared to those who did not (I I. I 

months) (p =0.2 1 ). A higher proportion of patients who did not acquire T790M 

mutation had a better ECOG perfonnance status of 0-1 (60.6%) at the time of disease 

progression compared to those who developed progression due to acquired T790M 

mutation (28.6%) (p=0.028). 

Conclusions: 

T790M mutation was identified as the acquired resistance mechanism causing first-line 

EGFR-TKI treatment failure in 51.4% of our patients. There was no difference in the 

cl inical and treatment characteristics between patients with or wi thout acquired T790 \ 
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mutation as the cause of resistance to fi rst-line EGFR-TKI treatment. At the time of 

disease progression, compared to patients with acquired T790l\1 mutation. a 

significantly higher proportion of patients who did not h:\\ c acquired T790M mutation 

had a better ECOG performance status. 

The duration of fi rst-line EGFR-TKI treatment was longer in tho$e patients who 

acquired T790M mutation compared to those whn did not. 
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1.0 I NTRODUCTION 

I . I Background 

Lung cancer which i11dudes small l'dl .111d t\l'1t -:m1.11l cdl hmg L\11\L"L"r ( SCLC) 

1s the second most commonly diagnns1:d t\ pl' of l'.1th:l·1 "lH·ld\\'idc. 1' It is also the 

leading cause or ca11cer-rclakd deaths "1H ldw i1k .. 1cwunt ing IC.n· about I in 4 cancer 

dealhs1
• In the curn;nt era or "thcrnnostic~( "hich combines therapeutics with 

diagnostics, persnnali1ed therapy has become the stnnd:ml of care in advanced NSCLC 

patients with ident i liable nncogenic drin!rs.' Tht.: detection of epidermal growth factor 

receptor (EGFR) mutation as an oncogcnic driver has revolutionized the treatment 

approach in advanced NSCLC.4 Several trials have demonstrated that first-line 

treatment with EGFR-tyrosine kinase inhibitors (TK!s) in patients with advanced 

NSCLC harbouring activating EGFR mutations translates to better progression-free 

survival (PFS) and overall survival {OS). compared to standard platinum-doublet 

~ 7 . 
chemotherapy. I lowever, most patients treated with first- or second-gt.:neration 

EGFR-TK!s inevitably develop acquired resistance and disease progress ion alkr a 

median treatment duration of 9 months lo slightly over a ycar.'"8 111 

Acquired resistance lo EGFR-'I Kls can be ddinetl by the Jackman·s cri teria\ 

which include the following: 

• Previous treatment with single-agent EGFR-TKI 

• Either of the following: (a) a tumour that harbours an EGFR mutation known to 

be associated with drug sensitivity; (b) objective clinical benefit from treatment 

with an EGFR-TKI 

• Systemic progression or disease whi le nn continuous treatment with nn EGFR-

TKI within the last ]0 days 

15 

Univ
ers

ity
 of

 M
ala

ya



• No intervening systemic therapy between ct.!ssation t)f FGFR-TKl therapy and 

initiation of new therapy. 

Several mechanisms of acquinxl res1stal\L'L' tn I ti! R I ~I' h.n '-' b~~n ducidatcd. 

Acquiring a secondary T790M mut:itit)ll in 1..'\l"1 "'0 l1f 1h1..· FtiFR g~nc is the most 

. I . I . I . I I - ) l)11 ,. • 11 ·1 :! common res1stam.:t.! mt.!c 1arnsm w rn: l is rcp,H 11..·, Ill .1 )t)\I! :'ll ti u o rt.!ststant cases. 

One or the propost.!d nH.:t:h:rnisms by \\'hich thL' 1'7l)()l\ I mutation confers resistance 

involves an increase in the acknosinc t riplwsphat~ (:\ l'P) nrtinity for binding to the 

tyrosine kinase ac.:tivt.! si te, thereby decreasing the potcm:y or ATP-competitive EGFR-

TKls such as the lirst- and second-generation EGFR-TKls. 13 Another proposed 

mechanism is the !:;teric hindrance caused by the structural substitution of threonine with 

a bulkier methionine al amino acid position 790 in the EGFR tyrosine kinase domain in 

T790M mutation. T790M is an important binding site for TKls, and this steric 

hindrance in T790M mutation may interfere with the binding affinity of some EGFR-

I . . . I d i.i TKls, resu ting 111 resistance to t 1ese rugs. 

The introduction or novel third-generation EGFR-TKl s target ing T790M mutation 

such as osimertinib has been revolutionary in thc personalized therapy rm those who 

foiled lirst-linc treatment with first- or second-generation EG FR-TK Is. Clinical trials 

have demonstrated the efficacy of these drugs in the treatment or EGFR-mutant NSCLC 

patients with this acquired resistance. thus highligh ting the importance of testing for the 

T790M mutation in cases or disease progression with lirst- or second-generation FGFR-

TK l s. 1 ~ 

In EG FR-mutant NSCLC patients with discase progression, despite targeted therapy 

with first- or second-generation EG FR-TKls, retest ing artcr TK I therapy for acquired 

resistant mutntions has becn proven to be a feasib le approach. Re-biopsy has been found 

to dctl!ct acquired T7<)()M mutation in about 50° o or such cases by other rescarchcrs. 1
(1 •7 
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The above studies were conducted in Japan and ·1 he Uni ted Kingdom. It is unclear what 

is the incidence rate ofT790M mutation in a Malays ian scttm~. 

Liquid biopsy is a reliable method for lktl'Ct1 11~ l'l''1"t.111t 11nt1.llll'llS 111 tlus selling.'"· 

l'I I (OWeVer, the Sensitivity Of liquid hWpS~ I~ 1-!L'llL'l,l\ I\ hl\\ L'l th\11\ tiSSllC biopsy in 

detecting T790M mutation, with :1 rcl :lli\ l'\\ h1 !!.h fa lsL' llL'~at i ' l' rate in the region of 

30(.V... 1 x 20 In some cases, T790M-111.:g:1ti\ c i11 li rst pnst- l'K I biopsies have been found to 

be T790M-positivc in later re-biopsies. Thus, 11ntkrli11ing the importance of sequential 

re-biopsies in advanced NSC LC patients with disease progression despite appropriate 

111 2 1 therapy. 

The National Comprehensive Cancer Network (NCCN) version 8.201 720 clinical 

practi ce guidelines for NSCLC recommend conducting a biopsy to dctennine the 

mechanism or acquired resistance in EGFR-positive NSCLC cases progressing on 

'l(I cc EGFR-TKI therapy.- Both the N and European Society for Medical Oncology 

(ESMO) 21 clinical practi ce guidelines recommend initiation or treatment with a third-

generation TK I in cases with acquired T790M mutation. These guidelines recommend a 

liquid biopsy to detect T790M in circulating cell -free DNA (dDNA) in the plasma as 

the first-line investigation for patients who develop resistance In lirst-line EG FR-TKI 

treatment. lfT790M is not detected in cfDNA by the liquid biopsy, then re llex tissue re-

biopsy should be performed because or the high false negati ve rate of liquid biopsy. 

Liquid biopsy is suggested as the first-line diagnostic method in the guidcl im:s hccaust: 

it is less invasive compared to ti ssue biopsy especially in the setting of disease 

progression. 
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1.2 Research Questions 

The research questions of this study include the lolhm 11\g.. 

t. Is the incidence of T790M mulntion, as :i mcch.1111-.m l,f .tt·qum.:d rc,1stancc. causing 

disease progression in EG FR-mutant ach anct•d NSCl C p.1t1t'lll' uc.llt'd \\'ith lirst-linc 

EGFR-TK I therapy? 

2. What arc the cl in ical dwractcrist1cs l)1 · p:itit·nts "11h .1t·qu11t·d 1'7<>0 1 mutation which 

causes n.:sist:im:L: to lirsl-linc ECFR- 1'1\..1 tl't'<lltnrnt. cnmparcd lo the clinical 

characleri sti L:s ol' patients who ckvdop resistance ll' lirst -line EGFR-TKI treatment not 

due to acquired T?<>OM mutation'? 

1.3 Research Objectives 

I. To determine the incidence of T790M mutation as a mechanism of acquired 

resistance, causmg disease progression 111 l::GFR-mutant advanced NSCLC patient_ 

treated with lirst-line EGFR-TKI therapy at the Uni versity of' Malaya Medical Centre. 

2. To compare the clinical characteri sti cs of patients with acquired T?<>OM mutation. 

<.:ausing resistance to first-line EGFR-TKI treatment , with that or patil!nts whn ckvclop 

resistance to lirst -linc EGFR-TKI treatment not due to acquired T7<)()M mutation. 

l.4 Null ll ypothesis 

I. The incidence of T790M mutation, as a mechanism of acquired resistance. causing 

disease progression in EGFR-mutant advanced NSCLC patients treated \\'ith first-line 

EGFR-TK I therapy at the University of Malaya Medical Centre is similar to that 

reportL:d by other investigators. 
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2. There is no difference in lhe cl inical clwractcmtics or pat1~nts who acquired T790M 

mutation, causing resistance to first-line 1-Cil R I Kl 11 c.Hm\?nt. .md the clinical 

characteristics of patients who dcvdop rc:-;1stancL' tn tir'\t 1111~ FCiFR- n.:..1 trcatmcnt not 

due to acquired T790M mutation. 

2.0 LITl~RATURI~ REVIEW 

This chapter wi ll discu:-.s thl: ddin!IH1tb and tht: h:nninology appropriate to the 

rcsearch va ri ables being exp lured as "cll as to ddinc the te1111s used for this research 

dissertation. This chapter will also dahnrntc in detail the background information 

related to the areas of interest in this proposal. The sections will also detail the issues 

pertaining to the methodology of the studies used in this proposal as well as the 

applicability in this context. The final sect ions of this literature review will explain in 

detail the various intricacies n.:lated to the work ings of this study and how these were 

implemented. 

2. t The Burden of Lung Cancer 

In 20 14, cancer or the trachea, hronchu-; and lung accounted for 24.611 o or all 

cancer mortality in males and 13% or all cancer deaths in women in Malaysia .~~ Cancer 

of the trachea, bronchus and lung is the leading cause of cancer deaths in males and the 

second most common cause or cancer death alkr breast cancer in rcmalcs in 1alaysia. 

According to the Malaysian National Cancer Registry 2007-20 11 , among the ten most 

common cancers in Malaysia, lung cancer is ranked third at I 0.211
0 •

22 

Lung cancer is usually divided into 2 groups according to the type of cells:!': 

I. Non-small cell lung c:11H.:er (NSC LC). There arc a (cw typcs which arc: 
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• Adenocarcinoma (10-40%>) 

• Squamous cell carcinomn (10° o) 

• Large cell carcinoma ( 1()11 o) 

2. Small cell lung cancer (SC'LC) (20° o) . l'lus t~ pl· \lf 1..'.ltKl'r ts kss Clltnmon. 

llowever, the cancc1 cel ls gro\\' :11 :1 \l'I\ 1.1p1d 1.lll' .111d nwst nf the time. will 

have spread to other parts orthl' hnd) :II di :1g11osis. 

Other types or cancer found in th1..· lungs ate c:m:1n\'HI and I~ mphoma. (5° o) 

2.2 E pidem iology or Lung Cancer in i\l a laysia 

In Malaysia. lung cancer accounts for I JA0 o of all cancers in males and 7% of 

all cancers in fomales. 22 Male to female ratio in terms of incidence of lung cancer is 1.9. 

There has been a change in the distribution of lung cancer cell types in Malaysia in 

recent years, similar lo what has been observed worldwide, with adenocarcinoma 

overtaking squamous cell carcinoma as the most common histological subtype. 

The Malaysian National Cancer Registry 2007-20 11 shows that the age-

standardized incidence or lung cancer for the Chinese is more than twice that or thl' 

.,., 
Malays and Indians for both sexes.-- The reason for this racial difference in 

predisposition to lung cancer is unknown. It is probably related to environmental risk 

factors such as diet , predisposing genetic factor or the way tobacco is mctaboli1.ed in 

. 1·r. 'l.J these three d1 1cre11cc races.-

2.3 Staging of Lung Cancer 

The most important prognostic indicator in lung cancer is the extent l)f di sease 

and lymph node involvcmc.:11t. Thc.: American Jo111t Committee for Cancer (AJCC) ~~ 

Staging ~ind End Results Reporting has developed the TN M (tumor-11odc-metastasis) .!c. 

staging system, which takes into account the degrc.:c or sp1 cad or pnmar) tumour. the 

20 

Univ
ers

ity
 of

 M
ala

ya



extent of regional lymph node involv1;1m;nt and the presence or absence of distant 

metastases. 

Recently, the 8th edition or the TNM st.1g111g s~stL'lll for lung cancer ha-.; been 

publishec.!25 and is to be used fo r staging \)f Ill'\\ hmg c.1tlL'L'1 c.tscs d1.1gnoscd starting 

from Janunry 2017. I lowever, the patients in this "tlld\. "hl' "L'l\.' diag1wsed before this 

• th • . • . ' . date, were staged usrng the 7 ed1t1 nn nl till' s1:1g111g s~ stem. 

Traditionally, the TNt-.1 dassiliL'.\IH)ll has lK'L'n used li.H· staging NSCLC. The T 

staging is detennin1;d by the si1i.: or the primary tumour in llrng axis, or direct extent of 

the tumour into adjacent structures such as mcdiastinum or chest wal l. The 7th edition 

system has 5 size-based categories with cut-of[<:; at 2. 3, 5 and 7 cm. Tumours measuring 

"" 2 cm arc classi lied as TI a, whereas those measuring 2-3 cm are classified as TI b. T2 

disease is also subdivided into T2a k 3 - 5 cm) and T2b (> 5 cm - 7cm). Tumours 

larger than 7 cm in diameter arc classified as T3. 

The classification describes the degree of spread to regional lymph nodes. The 

international staging system for lung cancer defines the regional lymph nodes, the 

component, as follows.a.b.c NO no lymph node metastasis~ N I - metastasis tn lymph 

nodes in the peribronchial or the ipsi lateral hilar region or both, including direct 

extension; N2 - metastasis to ipsilatcral mcdiastinal lymph nodes and subcarinal lymph 

nodes; and N3=metastasis to contralatcral mcdiastinal lymph nodes, contralateral hilar 

lymph nodes, ipsi lateral or contralatcral scalene or supraclavicular lymph nodes. 

The M staging defines the presence of metastases beyond the regional lymph 

nodes. In the 7th edi tion of' the lung cancer staging classification, pleural or pericardia! 

dissemination (effusions or nodules) arc grouped into a new category ( 11 a). This 

category also includes addit ional nodules that are ft)und in the contralateral lung. l:.xtra-

thoracic di stant metastasis is sub-classi lied as MI b disease. According to T 1 1 

classilication and/\. Prof Fran!-.. Gaill:ud ct al ~s . advanc1; lung disease is delined as any 
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patient in the stage 1118 and stage IV. Stage 1118 , i.e. any patient who has Tl, 2 or 3, 

N3, MO or T4, NO, I, 2 or 3, MO and the 5 year survival rate is 8° o. whereas patients 

who arc in stage IV may have any T, any N with MI and the 5 y~ar sun·ivnl rntc is 2%. 

In both stages, tumours arc not rcscctahk. 

2.4 Eastern Coopcrnfivc Oncology Group {ECOG) Pr r formnncc Statuses 

The Eastern Cooperative Oncolngy Group {EC'OG) pcrllmnance status at the 

· . . I I . T l 1 I ~9 time of disease progression nrc catcgnrr1ct n~ ~ 10wn II\ a 1 e .-

Tahlc I: Eastern Coopera tive Oncology Group (ECOG) Performance Status29 

ECOG PERFORM ANCESTATUS 

Grade ECOG 

0 Fully active, able to carry on all pre-disease performance without restriction 

Restricted in physically strenuous activity but ambulatory and able to can-y 

out work of a light or sedentary nature, e.g. , light house work, office work 

2 Ambulatory and capable of all self-care but unable to carry out any work 

activities. Up and about more than 50% of waking hours 

3 Capable of only limited self-care, confined to bed or chair more than 50% of 

waking hours 

4 Completely disabled. Cannot caffy on any self-care. Totally confined to bed 

or chair 
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2.5 Epidermal Growth Factor Recep tor (EGFR) Mutation 

The epidermal growth factor receptrn (Hi FR) ts a 4~<)-,11\lltW-.tcid receptor 

protein of 170 kDa with a single tra11snH:mhr:1nc s1..·q11cnc1..' h1..'I \\ c1..·n 4 1..' \. lr.1cdlular and 3 

intracell ular domains. EGFR belongs In th1..· 1.·1 hH 1'.1m il~ l)f d1.)-:1.·I~ n.:latcd n:ccptor 

tyrosine kinases, whid1 im.:ludc crhB I (ab n l,,1lln\ n .1s FtiFR). crhB2 (I I FR2). erb83. 

and crbl34. Although their h:tsic :-, trnc1ur1..·s :11 1..· -.; 11111Ltr. 1..-.1d1 lHlC has di stinct properties. 

including variations in tyrosine kin;1sc acti,·itics. It has an cxtrnccllulnr ligand binding 

domain, a transmcmbrnne portion. intrncdlular tyrosine kinase and regulatory domains. 

Upon binding of a spec ific ligand (e.g. cpidennal growth factor) , the nonnally 

functioning EGFR undcrgoe:-, confom1ational change and phosphorylation of the 

intracellular domain. 

At present, EG FR mutation is the strongest predictive biomarkcr for the efficacy 

or EGFR-TKls. 10
·'

1 

2.6 EGFR-tyrosinc Kinase Inhibitor (EGFR-TKI) 

A tyrosine kinase inhibitor (TKI) is a pharmaceutical agent th:tt inhibits tyrosine 

kinascs. Tyrosine kinascs arc enzymes responsible for the acti vation or many proteins 

by signal transduction cascades. The proteins arc activated by adding a phosphate group 

to the protein (phosphorylation) , a step that TKls inhibit. 

Table 2: Types of Generat ion EGFR-TKls 

Drug name Generation of EGFR-TKI 

Gcfitinib, crlotinib Fi rst-gcncrat ion 

Afatinib Second-generation 
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Table 2 shows the types of li rst- and scwnd-gcnc1at10n f· GFR-TKI a\·ailable at 

University of Malaya Medical Centre. 

The cnicacy o r EGFR-TKls in the tn:atmcnt ol p.ll1t'1\ls ''1th .11..h .1nccd '-1 CLC 

harbouring acti vating EGFR mutations h:is ht'L'll L'l'lllp.HL'd " 1th stand.ml platinum

douhlct chemotherapy in several largL· ph.1s1..· Ill 1.mdl'tn111..·d controlled trials 

(W.ITOCi '.' 405,12 NE.I002," IP/\SS, 1
•
1 OP rtl\lt\I . ' ' FL IR L \ l'.'<• 1: 1 ' URE,17 LUX Lung 

], 
18 and LU X Lung 6 

111
) which provide stn,ng e\'iden1..·c that lirst-linc treatment with 

EG FR-TK Is should be the trentmcnt or choice for FG FR mutation-positive patients. 

2.7 T7901\1 Mut ation 

Despite the remarkable response of EGFR-mutant lung adcnocarcinomas to 

lirst-line EG FR-TKls, all these tumours progress, due to the development of various 

resistance mechanisms. 31 One o r these resistant mechanisms is a secondary mutation 

located in exon 20 of the EGFR gene in which threonine is replaced by methionine in 

amino acid position 760 (T790M),40 resulting in increased /\ TP affinity and steric 

hindrance as mentioned in section 1.1 above. T790M mutation, idcnti lied in 50-600 0 or 

patients, is by for the most common cause or acquired resistance to EGFR-TKls 

compared to other resistant mechanisms such as cMET amplilication (Fi gure 1).41 
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Figure 1: Frequency of Mechanisms of Acquired Resistance to EGFR-T Kis 
in EGFR-mutant Lung Cancer41 

Unknown 
(1a%r 

HER2 
amplification 
(12%) 

Small-cell MET 
transformation 

(6%) 
amphf 1ca11on 
(4%) 

EGFR n 9oM and 
rare second site 
mutations (60%) 
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3.0 METHODOLOGY 

3.1 Study Design 

This was a retrospective and nhs~n .ll1nnal s1ud' \.'omlu~t~d 111 University 

Malaya Medical Centre from l ' 1 Augus1 2015 tl'-'I '' Jul~ 20 1,. 

3.2 Study Location 

The study was conducted at the Uni\'crsi ty of Malaya Medical Centre (UMMC). 

Lembah Pantai , 59 100 Kuala Lumpur. UM lC is one of the largest medical centres 

under the aegis of the Ministry of Education. Malaysia and serves close to 2 million 

population of Kuala Lumpur and Petal ing Jaya as a secondary and tertiary refeiTal 

centre. besides being a tert iary referral centre for the whole of Malays ia. The sub

spccial ised. multi-department hospital provides comprehensive respiratory and 

oncology services, in addition to other major disciplines in medicine. 

3.3 Study Population 

The population in this study included all patients with EGFR-mutant advanced 

NSCLC who experienced disease progress ion while on lirst-line EGFR-TKI treatment 

at the Division of Respiratory Medicine, Department of Medicine. UM 1tC during the 

study period. 

3.4 Sampling Method 

This study used n <.:onvcnicncc sampling method. 
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3.5 Sample Size & Power 

The sample required to enahlc adequate pm' ct mg nf the stud~ was calculated 

using the formula hy Charan, J, & 13iswas, 1'(201 1) 
11 hH .... 1mpk ' " c estimation of a 

cross-sectional study with a qualitati\ c outnHHl' '.111.1hk l'hl· fnnnula is as detailed 

below: 

N (Z 1 • .,12) 2 p ( 1-p)/ cl2 

Where N sample size 

p 1:xpectcd proportion in population based on previous studies or pilot studies 

z 1 1112 value 1.96, for the convent ional level of confidence of 95% 

d precision (in proportion of one), taken as 0.2 (giving a power of 80%) for this study 

For this study, a previous study by Kuiper J L ct ul (20 14) 14 was used to assist in 

determining the sample size calculation. In this previous study, an incidence of T790 

mutation or 52% was discovered in the sample population. This formula yielded a 

sample or 24 people at a power of 80%. Assuming a possible non-completion rate of 

20% (under the premise that inadequate data will be avai lab le from the case notes). an 

additional 5 people lo make up for this 20% wi ll mean n sample s ii'e or 29 people. At 

the current study population, the sample was more than adequately powered to detect 

the incidence ofT790M mutation in the study population. 

3.6 Study Instruments 

A case report form (CRF) to document the patients' dernographic and clinical 

data was spccilica ll y designed ror thi s stud y. 
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3.6.1 Response Evaluation Criteria in Solid Tumour' or REC I T l.1 44 

Response evaluation criteria in solid tumours lll RI CIS r I. l-1-1 rd\:rs to a set of 

published rules used to assess tumour hmdcn 111 llldl't h\ pn.i' 1dc an objccti,·e 

assessment of' response to therapy. l'hc c1itc11:1 c.m bl· 11:->l'd "1th <...' r or :'\IR I scanning 

result s. 

Rl:CIST terminology <.:har:1c1criscs ksinus as mensurable versus non-measurable 

and t:1rget versus 11011-lnrget lesions. l\rkasurnhk lesions nre the ones that can be 

assessed quanlitativcly. From among the mcnsurabk lesions, target lesions arc selected. 

Onc.:e a h.:sion is identified as a target lesion. it is always referred to as one, even if it 

fo il s below the size limits fo r what is considered measurable at baseline. 

T ahle 3: Definition of Response Assessment Response Assessmen t 

Us ing RECIST l . l 

Target Les ion Response 

Complete Response (CR) 
• All target lesions disappear 

Partial Response (PR) 
• 30% decrease m the sum of the 

longest diameter (LO) of target 
lesions, taking as reference the 
baseline sum LO 

Progressive Disease (PD) 
• 20% increase from smallest sum of 

longest diameter recorded since 
treatment started (best response) 

Stable Disease (SD) 
• Neither PD nor PR 

Non-ta r get Lesion Response 

Complete Response (CR) 

• /\II non-target les ions gone 
• Tumour markers to normal levels 

Stable Disease (SD) 

• 
• 

Persistence or >I non-target lesion 
Tumour marker level dcvatctl 

Progressive Disease (PD) 

• Enlargement or non-target lesions 
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3.6.2 Progress ion-free Survival (PFS) 

Progression-free survival (PFS) is the length of tune li\m1 the initiation of a 

· I I . 1· I I I .i ' -1 t-part1cu lar treatment to t 1e <. ctcct1 011 o progressn l' l tSl'.tsc llt l l\l l 1. 

3.6.3 T reatment Beyond Pro~rcssion 

The J\SPIRJ\TION47 trial h:is slw\\ n th:it \\'hen patients were permitted to 

continue ECI FR-TKls beyond R FClST prngrcss io11 . it' the clinical benefit was obvious 

and the drug was wel l tolerated, many patients \\'Cre able to maintain EGFR -TKl 

trea tmcnt for durable periods of ti me - some for years. This is because patients with 

slow and indolcnt low volume asymptomatic di sease progression may continue their 

original EGFR-TKI and eventually switch treatment when the physician and patient feel 

that cl inical symptoms arc worsening. 

3.6.4. Du ration of T reatment (DOT) 

Duration or treatment (DOT) is defined as the length of treatment given to a patient 

r . d" . 11(, until it is stopped because o symptomatic 1scase progrcss1011 . 

3.7. Diav,nosis of T790M M uta tion 

Before I ' 1 January 20 17, patients were investigated for acquired resistance 

mechan isms upon fai lure of first-line EGFR-TKI therapy by tissue re-biopsy using 

COBAS·K) Version 2 (v2) Real Time Polymerase Chain reaction (RT-PCR) method 

(Roche Molecular System Inc, Roche Molecular Diagnostics,4300 I lacicndn Dri,·c 

Pleasanton, CA 94588,USA).
48 

The COBJ\S<Kiv2 RT-PCR is able to detect G7 I 9X 

substitution mutations in cxon 18, deletion mutations in exon 19, T790M and S7681 

suhstitulio11 mutations and i11scrlio11 mutations in cxon ?O, and L858R and L86 IQ 
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substitution mutations in exon 21 .'11< This is the only method rnrrcntly appro\'ed by the 

Food and Drug Administration (FDA) or tht..: l mted ~t .llL's tl) tk11.:ct sensitizing 

mutations and T790M mu lat ion in tissue and also m hlnnd s.lmph..•s l h.'" l.!\'l.!f. it is less 

sensitive for the detection of T790i\1 mutation in thl' pl.tsm.l.~'1 \11 tissu1.: re-biopsies 

were performed by trained intcn cntional r:\d1nlnµ1s1s .\ml thL· tissUL' samples were 

examined and assessed by a qualified pathnln);!ist at l ll\ I I<.' .. \!though mt..:mbcrs or the 

pathology and radiology team were not always the same persnns, the lccl,niques and 

standard opcrnting procedures, cspceinlly in terms or the qualification of the 

ascertaining consultant/specialists were as accredited and thus deemed to be equivalent, 

without acting as a confounder fo r this study. Those patients who were not suitable for 

ti ssue re-biopsy underwent a liquid biopsy to detect T790M mutation in circulating cell

free DNA (cfDNA} originating from necrotic tumour cells sloughed from the tumour or 

from circulating tumour cells in the plasma. Peptide nucleic acid-locked nucleic acid 

(PNA-LNA) polymerase-chain reaction (PCR) clamp method (PANAGENE, South 

Korea) was used to detect cfDNA in plasma samples at the Subang Jaya Medical 

Centre. The PNA-LNA PCR clamp method has been determined lo he adcquatdy 

sensiti ve (sensitivity <2%) to detect EGFR mutations in clDNA in plasma . ~0 

Aller J '
1 of January 20 17, blood samples were collcc;tecl from patients and sent 

to a laboratory in I long Kong, Sanomics Limited, where droplet digital PCR was used 

to detect mutant EGFR which included exon 19 deletion, exon 20 T790M mutation and 

exon 21 L858 R. The analytical sensi ti vi ty of this droplet digital PCR has been found to 

be more than 99.9%. (http://wvvw.sanomics.com/). For patients tested negative for 

T790M mutation by liquid biopsy, tumour re-biopsy wns pcrfonncd. I lowcvcr, both the 

J>NA-LNA PCR clamp method and the droplet digital PCR method have not yet been 

approv<.:d for lht..: detection orT790M mutation by the FDA. 
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3.8 Study Administration and A rrangements 

A database of patients diagnosed with NSC' l ( h:11houring scn~ifo:ing EGFR 

mutat ions and treated with first- line EC1FR- l'K.ls :ll ll I le' ".ls sl'rccncd for patients 

who have developed c.li scase progression during thl' study pt·ri~)d from I ' 1 August 2015 

to 31 '1 July 2017 nnd met the int:lusion critcrin rnr this study. The rdcvant demographic 

and cl inical information \\Cl'c cx1n11.:tcd rrnm the pnticn1s· written and electronic 

medical records and entered into the CRF. 

3.9 Valid ity, Reliability and tandard ization of Methods 

All the data collection was done by the author. The li st of patients was counter

checkcd against University Malaya Medical Centre·s Computeri sed Laboratory Records 

System to ensure that the results obtained for the T790 mutation were accurate as 

entered in the patients' case notes. This was an additional reliability counter-measure 

which increased the reliability of the collected data. The relevant case notes that lit the 

inclusion criteria were separated and then the relevant in fonnation extracted and entered 

into the CRFs. The CRFs were filled by both medical officers separately and at the end, 

both versions of the CRFs were counterchecked to ensure that all data had been 

accurately entered. These measures were designed to improve the validity and the 

reliability of the data collection. 

3.10 Inclusion Criteria 

I. Patients with advanced NSCLC harbouring acti vating (sensitising) EGFR mutations 

treated wi th first-line EGFR-TKts. 

2. Patie11ts who developed res istani.;e to GGFR-TKl therapy as defined hy .Jackman's 

Criteria for acquired resistancc11 which include the following: 
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a. Previously received treatment with single-agent (monothernpy) EGFR-Tl\.l 

b. Either of the fo llowing: 

i. A tumour that harbours an EG FR nrnl:\l inn kn~)\\' I\ t{) be a~so~iatcd with drug 

sensitivity; 

ii . Objecti ve clinical bcnclil from treatment wi th nn EGFR-TKI as defined by 

either: (Documented partial/complete response (or) significant and durable (>6 

months), cl inical benefit (stable disease as defined by Response Evaluation 

Criteria in Solid Tumors (REClST 1. I) 4~ after initiat ion of first-line EGFR-TKI) 

c. Systemic progression of disease (RECIST I. I) while on continuous treatment 

with EGFR-TKI within the last 30 days 

d. No intervening systemic therapy between cessation of EGFR-TKI and initiation 

of new therapy. 

3.11 Exclusion Criteria 

I. Patients with EGFR wild-type NSC LC 

2. Patients who defaulted on treatment, i.e. not present at two subsequent fo llow-up 

visits. 

3. Patients who were enrolled in other oncological clinical trials during the study 

period. 

3.12 Research Ethics 

Since this was a retrospecti ve observa tional study using patient cnse records, it 

was not possible to obtain consent from each individual patient to allow the use of 

his/her clinical information. Ethical clearance for the study was provided by Univcr ity 
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Malaya Medical Centre's Research Ethics Committee (2017828-5529). Approval of the 

study protocol is attached in the accompanying appendix. 

3.13 Statistical Analysis 

In the analys is of the <kmngraphic :ind dinic.11 data of the patients, 

results for continuous vari ah les were expressed ns l\\l.'tlll t. standard deviation ( 0), 

median or range depending nn normality nr the \'ariahlc distribution: while results for 

categorical varinhlcs were expressctl as perccntngcs. In univariate analysis of the 

demographic and cl inical data, di ffercnces between group were tested for significance 

with chi-square test with Yates· correction or Fisher's exact test whichever was 

appropriate for categorical variables; and tudent 's /-test for continuous variables as 

shown in Table 3 below. A two-sided p value of less than 0.05 was considered 

stati stically significant. Kaplan-Meier survival curves were drawn for duration of 

treatment with first-line EGFR-TKI for patients who developed disease progression due 

to T790M mutation and for those who developed disease progression not clue to T790M 

mutation. Duration of treatment for the two groups of patients was compared using the 

log-rank sum test. /\II stati sti cal analyses were performed using SPSS (Stati stical 

Package for Social Sciences) version 17 (IBM SPSS Modeler 17.0, UK) 
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Table 4: Variables and Statistical T ests Used to Make Comparisons 

Variable Type of Variable Stntisticnl omparison 
Test l lsrd 

Duration of treatment Continuous I ll~-ran~ sum test of 
Kaplnn-t\ k ier survival 
C\lr\'l~S -

Gf-'R mutation subtype Categorical <..' hi-Square kst 

-
ECOG performance status Categoricnl Chi- qunrc test 

._ 
Best tumour response Categorical Chi -Square test 

EGf-'R-TK I treatment Categorical Chi-Square test 
beyond progression 

Ablative treatment in Categorical Chi-Square test 
patients who received 
EGFR-TKI treatment 
beyond disease 
progression 
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4.0 RESULTS 

4.1 Study Flow 

During the study period from I ' 1 August 20 15 to J I ' 1 July 20 l 7, '7 patients with 

NSCLC harbouring sensitising EG FR nwtations were trc.\lcd at the Division of 

Respi ratory Medicine, Department of' Mccli cinc, U~ I IC (Figure 2). Or these 87 

patients, 57 received fi rst-line treatment with li rst-gcncrntion EGFR-TKI (37 received 

gefitini b and 20 received erlotinih) while 11 rccci\'cd first-line treatment with second-

generation EGFR-TKI , afotinih . Of the remaining 19 who were not treated with EGFR-

TKI , 14 received standard platinum-doublet cytotoxic chemotherapy because of 

financial constraint and fi ve patients received only best supportive care because of poor 

ECOG pcrfonnance status in view of late diagnosis. 

Figure 2: Disposition of Patients 

Patients with epidermal growth factor receptor (EGFR) 
mutation-positive NSCLC 

N = 87 

First-line First-line First-line Best 
treatment treatment treatment with supportive 
with first- with second- platinum- care 

generation generation doublet 
EGFR-TKI EGFR-TKI chemotherapy 

N = 57 N = 11 N = 14 N-5 
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All patients wi th disease progression and who fulfilled Jac\..man·s Criteria underwent 

repeat biopsy: either liquid or tissue re-biopsy to detect T790f\ t mutation. 

Figure 3: Detection of T790M M utaeion on Discl\sc Proe,n'ssion \ Yhilc on First-line 

EGFR-TKI T reatment 

First-line treatment with First-line treatment with 
first-generation EGFR-TKI second-generation EGFR- TKI 

N = 57 N = 11 

T790M T790M T790M T790M 
mutation mutation mutation mutation 
positive negative positive negative 
n = 30 n = 27 n=S n=6 

Most of the patients were treated with first-generation TKls which included gdi tinib 

and erlotinib because of the relatively fewer side effects and toxicity of these drugs 

compared to the second-generation EGFR-TKI, afatinib. 

Among the 57 patients who were treated with first-generation EGFR-TKls, 

T790M mutation was detected by re-biopsy in 30 patients (52.6%) while T790M 

mutation was not detected in 27 patients. Among the 11 patients who were treated with 

second-generation EGFR-TKI, T790M mutation was detected by re-biopsy in 6 patients 

(54.5%) (p""0.9 15). The overall incidence of T790M mutation was 35 out of 68 patients 

(5 1.5%). 
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4.2 Descriptive Analysis 

Table 5 shows the comparison or the ckmng1aph1c. d11Hc,\I and treatment 

characteristics or patients who developed acquired t\.•sist:Hll'l' ll) tirst-linc EFGR-TKl 

treatment due to T790M mutation wi th those \\ hl' lll'\ l'll)p1.·l~ rcsistam;c not due lo 

T790M mutati on. 

Tahlc 5: Dem ographic, C linical and Trcntmcn t harncteristics of 68 Patients with 
First-line EGFll-TKI T reatment Failure 

C haracteristi cs Total number Patients with Patients P value of 
of patients T 7901\ t with univaria te 
(n = 68) mutation T790Ml analysis 

positive, No. mutation 
(% ) negative, 
(n = 35) No. (%1) 

(n = 33i) 

Gender , No. {%) 

0.592 
Male 28 (4 1.2) 16(57. 1) 12 (42 .. 9) 

Female 40 (58.8) 19 (47.5) 21 (52 .5) 

Smoking 
histor y, No.(%) 

0.48-l 
Never smoke 51 (80.0) 28 (54.9) 23 (45. 1) 

Previous or 17 (20.0) 7 (41.2) 10 (58.8) 
current smoker 

EGFll mutaltion 
subtype, No. (% ) 

0.6 17 
Exon 19 dcle1tion 41 (60.3) 20 (48.8) 2 1(5 1.2) 

Exon 2 1 L85S R 24 (35.3) 14 (58.3) 10 (4 1.6) 
point mutation 

Others 3 (4.4) I (33 .3) 2(66.7) 
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Best tumour 
response to first-
line EGFR-TKI 
treatment, No. 
{%) 

0.507 

Partial response 
57 (83.8) 28 (-~9 . t ) 2'){50.1)) 

Stable disease 
10 ( 14.7) 6 (MU)) 4 (40) 

Progressi vc 
disease I ( 1.5) I ( I 00) 0 (0.0) 

Duration of 
treatment, in 0.2 1 
months 
median (IQR) 13.8 (7.9-18.3) I I. I (6.9-

16.2) 

ECOG 
performance 
status a t time· of 
disease 
progression, !No. 
(%) 

0.028 

0 - I 30 (44. 1) I 0 (33.3) 20 (67.7) 

2-4 38 (55.9) 25 (65.8) 13 (34.2) 

First-line 
EGFR-TKI 
treatment 
beyond disease 
progression, No. 
(%) 0.674 

YES 50 (73.5) 27(54) 23 (46.0) 

NO 18 (26.5) 8 (44.4) I 0 (55.6) 
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Figure 4:Kaplan-Meier curves of d uration of treatment with first-line EGFR-TKI 
for patients who developed d isease prol!rcssion due to and not due to T790M 
mutation. 

l)111 11tm11 
of 
tll'.llrm:nt 
\\, flh 

Ii i ' ' 111 1~ 

Hil R- IK I 

d 

0 • 

J' 0 .:! I 
0 • 

n • 

0 

K.1pla11 ·l\ ll'1c1 cu""' ol d111.u11m ,,f t1 l'.Hlll<'11t mrh fo \ t· line FGFR-TKI for patients 
\\h1l deH•l•'11ecl 1li,ea'e Jlh'l!l ~''''ll due.' to and nor due to T790l\l m111a11on 

Of the 68 patients who developed disease progression, 42 (61.7%) underwent 

ti ssue re-biopsy and 15 (22. 1 %) underwent liquid biopsy as the first investigation to 

detennine the presence of T790M mutation. For the latter group, I I ( 16.2%) 

subsequently also needed to undergo tumour ti ssue re-biopsy because of a negat ive 

liquid biopsy for T790M. T790M mutation was detected 111 35 of the 68 patients 

(51.5%). In short , half of our patients (51.5%) had T790M mutation identified as the 

res istance mechanism accounting for first-line EGFR-TKI treatment fai lure while 

T790M was not detected in the other half (48.5%). 

The duration of treatment with first-line EGFR-TKJ for the T790M-positivc 

group was 13 .8 months whereas it was shorter at I I. I months in the T790M-ncgative 

group. This difference of 2.7 months,however,is not statisti cally significant as shown in 

Pigure4. 
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Although a higher proportion of patients, whose best response to first-line 

EGFR-TKI treatment was stable disease, were found to be T7l)0l\ l-positin! on disease 

progression [6 of I 0 (60%)], this was not significantly diffcn .. '11t ti1.)m the proportion of 

patients, whose best response to first-line FGFR- n,.J trc:\11\\l'llt \\'as partial response. 

who were tested positive for T7<JOM 128 nf 57 ( 4t>. I 11
11) l lP 0 . .507'). 

A signi li cantly higher proportion nl' patients whn dcvdoped resistance not due 

to T790M mutation had a better ECOG pcrfonnancc stntus ( 0 or I) at the time of 

disease progression 120 of 33 (60.6° o)] compared to that of those who acquired T790M 

mutation as the resistance mechanism to first-line EGFR-TKI treatment [ IO of 35 

(28.6%)] (p 0.028). 

27 out. of 35 patients (77.1 %) who acquired T790M mutation continued to 

receive first-line EGFR-TKI treatment beyond RECIST-defined disease progression 

while 23 out of 33 patients (46%) in the T790M mutation-negaitive group continued to 

receive fi rst-line EGFR-TKI treatment beyond disease progrcssi1Jn (p=0.674). 
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5.0 DISCUSSION 

5.1 Interpretation and Findings 

This stiudy shows that acquired T790M mut:it inn 11\ l' \ lln 20 l)f the EGFR gene 

has been idcntiificd as the cause or n.:sislmH.:c to tirst-linl' FCIFll- trK.l treatment in 51.5% 

of the 68 patients with advanced NSCLC h:11homing Sl'l\Stt ising FGFR mutations which 

is similar to the frequency or 50-<i01X1 reported hy 01hcrs·1:.·51
• Kuiper ct al 14 reported an 

acquired T790M mutation incidence of 52° 0 whik O\lrnrd t!'t al45 and Hata ct al51 

rcpo11cd similar results in American and Jnpnncsc patients with EGFR-mutant NSCLC 

treated with EGFR-TKls, respectively. 

Kc ct al ~ 2 has shown acquired T790M mutation is more likely to occur in 

patients harbouri ng cxon 19 deletion mutation than in those with cxon 2 I L858R 

mutation (50.4% versus 36.5%). Higher frequencies of T790M mutation in patients 

initially harbouring cxon 19 deletion mutation are also reported lby Nosaki et aJ53 [Del I 9 

vs L858 R, 2 19 (55.4%) vs 149 (37.7%)) and Matsuo ct al.46rDcl t 9 vs L858 R. 26 

(63%) vs 12 (38%)). However, another published study has found a similar T7QOM 

positivity rate in patients with cxon 19 deletion mutation and in patients with exnn 21 

L858R mutation. 145 15455 

No studies except for the study by Nosaki ct al q have: reported a stati stically 

significant association. Unlike our study, Nosaki ct al53 observed omc minor 

mutations and included them in their statistical tests fo r association. 

We did not find a higher frequency of T790M mutation among our patients with 

initial cxon I ~) mutation. In fnct, n slightly higher proportion of [patients with initial cxon 

21 mutation developed resistance due to T790M mutation (58.3%) compared to that of 

patients with initial cxon 19 mutation (48.7%). llowcver, the difference was not 

statisti cally signi Ii cant. 
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Exon 19 deletion mutation was a mor e common scns111s11H! mutation (60.3° o) 

than ex on 21 L858R mutation (35.3%) in our patient-; I· \Oil 19 tkkllllll mutation was 

also found lo be more prevalent than cxon ! I I 858R nmt.llnln .ts ,\ "\.'ll"llismg FGFR 

mutation in the AURA cxtcnsio11,~" lfkll 1> (7111 0) \ S I ~"'SR t25'\,)I. \ LI Rr\ 2'\7 [l)clt 9 

patients pre treated with an HiFll 'l'KI and :wquin.·d 1'7l>l)i\\ mutation.Patients with 

acquired T790M mutation. i1 n:spcctl\ c or the miti:tl FGFR activating mutation 

subtypes, have longer overall survivnl period which suggests that resistance acquired 

through the T790M mutation follows a mmc 111dnlcnt course than clinical resistance not 

d I . . ~·' uc to l 11s mutation. 

In keeping with the more indolent nature of progressive disease due to T790M 

mutntion, the median duration of first-line EGFR-TKI treatment before disease 

progression in our patients who developed resistance due to T790M mutation was 13.8 

months. This was 2.7 months longer than the median duration or 11 .1 months i11 our 

patients in whom T790M was not identified as the cause or resistance to lirst-linc 

EGFR-TK I treatment. 1 lowever, the difference was not statisti cnlly signilicant prnhahly 

due to the small sample size. 

In keeping with the more indolent nature or progressive disease due to T790 

mutat ion, 77. 1° o of our 35 patients who acquired T790M mutation continued to der1\ c 

clinical benefit when their lirst-linc EGFR-TKI treatment was continued beyond 

RECIST-defined radiological disease progression whi le only 23 of our 33 patients 

(46%) in the T790M mutation-negative group were continued on lirst-linc EG FR-TKI 

treatment beyond radiological disease progression. l lowever, the di ffcrcm:e was not 

stat ist icall y signi lica11t. 
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It is orur standard practice to continue treating our patients\\ ith first-line EGFR

TKI even after disease progression was shown on CT scan. as long as the patients are 

not symptomatic of the disease progress ion. This praetil:e is endllt'sed hy the CC'N20 

guidelines and supported by the li11dings of the t\SPlR.-\ TION4~ study. Yap ct at60 

elaborate that continuing TKls beyond d1se:tsl' prn~.?.rl'SSHm ts hcl:llllting im:reasingly 

commonplace in patie11ts with i11dole11t , small "'lume ,\s~ mplllmatic growth, who may 

potentially continue to derive ongoing dinil:al hcnclit and IO avoid a ·withdrawal 

lumour nan:'. In previous studies. Maruyama Cl al~ 1 retrospectively analyzed 60 patients 

who had trea tment failure aner iH.:hieving disease control with gefitinib. These patients 

were treated wi th or wi thout continuing gcfitinib. Continuing the drug was associated 

with a better s.urvival based on multivariate analyses (HR 0.5 1, 95%CI: 0.26- 0.98, p = 

0.042). Fachling ct al62 also reported retrospectively that NSCLC patients who were 

treated with crlotinib beyond disease progression responded wel l, thus showing 

treatment with TKI aflcr disease progression could lead to longer overall survival. 

In this study, WC found that at the time or disease progression, the proportio11 of 

patients with better ECOG performance status of() or I was signilica111Jy higher in those 

who developed resistance not due to T790M mutation (67.7%) .compared to those who 

acqui red T790M mutation as the resistance mechanism to first-line EGFR-TK I 

treatment (32.3%). 

Hata ct al54 reported that the proportion of patients who had better ECOG 

performance at. the time or disease progression was significantlly higher in those who 

developed resistance not due to T790M mutation (6 1 %) compared to those who 

acquired T790M mutation (39%). 

A few studies shared a similar result profile when it came to best tumour 

response as this study did. Takeda l!t at ''1 showed that 42 patients had a partial response 
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(PR) to TKI therapy, 14 achieved stable disease (SD) and 6 had Cl'tnplete response 

(CR). CR and PR patients showed better PFS and OS \\1th these gn,ups e"\pericm.:ing 

rapid tumor regression (the median time to tn.\llllll'nt ll'"lll'1l'l' t l IR)"·•" :::: -L2 ''eeks). 

The best tumour response did not seem to hl' i11t1t1t'll1..'t.'d b~ thl' pattern of tumour 

shrinkage. 

Matsuo ct al. 111 shows si1111 l:11 proprn lion'' herd'~ the mdli:m PF among who 

foil first line l :Gl·IV I Kl treatment \\as longl't rn the 1 7 t>l)~I mutation-positive group 

( 13.(i months, 95°0 Cl: 9.2 15.8) than in the ncga ti\'C group (7 months, 95% CI: 3.7-

8.5). Matsuo c·t al.'" shown statisti cally sigm lican t in term of PFS (p = 0.037) however 

there was no s ignilicant difference in overall survival between patients with T790M 

mutation (45.'.2 months; 95°0 Cl, 3 1.4- 51.1) and those without (40. l months; 95% CL 

21.7-45.8) (p 0.'.278). 

5.2 S treng th of the S tudy 

/\s far as we arc aware, this study is the first study in Malaysia to determine tht.: 

frequen cy or ;acquired T790M mutation as a resistance mechanism to lirst-line FCiFR-

TKI treatmen1t in patients with advanced EGFR-mutant NSCLC. This study is the first 

to characterise the demographic and clinical characteristics of patients who de\ clop 

resistance to fast-line EGFR-TKI trea tment due to T790M muilaticm and those not due 

to T790M mutation. 

5.3 Study Limita tions 

I. This study was retrospecti ve with its attendant li mi tations including incomplete data . 

2. Due to th1.! limited period of the stud y, the study populat ion was undcrstantlabh 

small. Financial rn11stiai11ts could havl: affected the number of patients with FGFR-

mut;111t NSC'I ('''ho rnu ld alli.Hd 1-CIFR I K I ll ca tmcnt and the stud) results may not be 
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representative of all EGf7R-mutant NSCLC' patients trt.:atcd "ith fir$t-lme EGFR-TK.ls. 

A single centre study could also have introduced bias to the r6ults '' lud1 may not be 

generalised to all pati ents with this disease in Mal:1!s1:1 

3. J\s explained in the methodology sectio11, thL· mctlH,ds \)f lkll'L·ting \'7l)0l\ l mutation 

wen.: not unil(1rm for all patients and \\L'IL' dqK'tllkllt lHl tlw ;t\,11l,1hili1~ nfthe tests at 

different time points especially when thL' tcchnnlngy nr dctedit1g T790M was rapidly 

evolving. 'I he methods used, with different ~cns1ti\ it1cs in detei..:ting T790M mutation, 

arc potential conn founders in the study. Ihm e\ er. this is to be expected in the real-world. 

4. This study only focused on T790M as a resistance mechanism. There are, however, 

many mechanisms of resistance to EGFR-TKI treatment that were not addressed in this 

study. 

5.4 Rccommc·ndations 

I lowever, these limitations plnyed only a small part in estahli~;hing the importance of 

this study as a baseline-setter in evidence-building in this scientific art.:a. l'hL· true 

magnitude or the relationships established in this study needs to be investigated under 

robustly desi ~~ned conditions in order to test their actual causality hypothesis, wh1eh in 

turn will lay the foundation for further interventional trials that seek to address and 

correct the shortcomings of current clinical practice. One immediate recommendation 

that the author makes from this study is to call for the establislunent of a comprehensi\ c 

prospecti ve cohori of NCSLC patients at:ross the t:ountry in order to identify the 

mechanisms of resistance to EGFR-TKI treatment in this group of patients. As 

resistance mechanisms arc not restricted to only acquired T790M mutation. such studies 

should explore the use or tissue re-biopsy as well as liquid h1iopsy in establishing the 

other mechanisms or resistance 
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6. CONCLUSIONS 

Jn conclusion, this study has identified T790M mutation as thc acquircd rcsistance 

mechanism causing first-line EGFR-TKI trcatmc111 fai lun: in S· I .41' o tlf patients with 

advanced EGIFR-mutant NSCLC'. The duratinn l)f tirst -linc FGfR-TKl treatment 

appears to ht: longer in thost: patients who acqui red 1'7(){)i\ I mutation compared to those 

who did not. Otherwist:, thert: \Vas 110 signilil::rnt clifti.:rcncc in th1~ dinical and treatment 

characteri sti cs between pati en ts wi th and wi thout acquired T790M mutation as the 

cause of resiistance to first-line EGFR-TKI treatment. At the time of disease 

progression, a signifi cantly higher proportion of patients who did not acquire T790M 

mutation had a better ECOG performance statu , compared to patients with acquired 

T790M mutation. 

46 

Univ
ers

ity
 of

 M
ala

ya



7.0 REFERENCES 

I. Key staitistics for lung cancc.:r. http://www.cam:cr.n1g l\lllccr lungcanccr-non

smallccl l/dc.:tailcdguide/non-small cell lung c.llll'l't "-l'\ sut1st1L"' 

2. Siegel RL, Miller Kl). k111:1I A. l'.1th: l't ~1.111~t1L·s. 2l)I ~ . l'.\ Cancer J Clin. 

20 I 5/>5( I ):5 29. 

3. Chan BJ\ , I lughes BG. Targeted therapy ror non-small cell lung cancer: current 

standards and the pwmisc of the future. Transl Lung Cancer Res. 

20 15;4( I ):3(>54. 

4. TJ, BC'll OW, Sordclla R, ct al. Activating mutations in the cpidcnnal growth 

foctor receptor underlying rcsponsivc.:nc.:ss of non-small -cell lung cancer to 

gefitinib. N Engl J Med. 2004;350(2 I ):2129- 2139. 

5. Mok TS, Wu YL, Thongprascrt S, c.:t al. Gefitinih or carhoplatin paclita\d in 

pulmonary adenocarcinoma. N Engl J Med. 2009; 36 1 :947- 957. 

6. Sc.:quis t LY, Yang JC, Yamamoto N, ct al. Phase Il l stud y of al'atinib or cisplntin 

plus pcmetrexed in patic.:nts with metastatic lung adcnncarcinomawi th f·GFR 

mutations. J Clin Oncol. 20 13;3 I (27):3327- 3334. 

7. Wu Y L, Zhou C, Liam CK, et al. First-line crlotinib versus gcmeitabinc cisplatin 

in patients with advanced FGFR mutation-positive 11011-srnall-ccll lung cancer: 

a11al y~:es fro111 the 

47 

Univ
ers

ity
 of

 M
ala

ya



phase III, randomized, open-label, ENSURE :;tudy. Ann Oneal. 

2015;26(9): 1883-1889. 

8. Jackmam D, Pao W, Ricly GJ, ct al. Cl inical ddinitinn nf m:quin.:d resistance lo 

epidermal growth foctor receptor tyrnsinc l-..inns1.· inhihitnrs in non-small -cell 

lung ca ncer. J Cli n Om:ol. 20 I 0:28(2):J57 J60. 

9. Landi L, Cappuzzo F. lrrcvcrsihlc EGFR-TK.l s: dreaming perfection. Transl 

Lung Cancer Res. 20 13;2( I ):40-49. 

I 0. Rosell R, Carccrcny E, Gervais R, cl al. Erlotinib versus standard chemotherapy 

as first-line treatment for European patients with advanced EGFR mutation

positivc non-small-cell lung cancer (EURTAC): a multiccntrc, open-label, 

randonniscd phase 3 trial. Lancet Oncol. 20 12; I 3(3):239--246. 

I I. Yun CH, Mengwasser KE, Toms AV, ct al. The T790M mutat ion 111 FGFR 

kinase causes drug resistance by increasing the affinity for ATP. Proc Nat l A cad 

Sci U :S A.2008; I 05(6):2070-2075. 

12. Kobayashi S, Boggan TJ, Dayaram T, ct al. EGFR muilation and resistance of 

non-srnall -ccll lung cancer to gcfi linib. N Engl J Med. 2005;352(8):786-792. 

13. Girou;( Lcpricur E. Cortol AB. Cadrancl J. ct al. Osimcrtinib (Tagrisso R ): 

/\ct ivity,indication and modality of use in non-small cel l lung cancer. Bull 

Cancer 20 I (>; I 03( I 0):8 15- 82 1. 

48 

Univ
ers

ity
 of

 M
ala

ya



14. Kuiper JL, I lcideman DA, Thunnisscn E, ct al. Incidence 1ofT790~l mutation in 

(sequential) rcbiopsies in EGFR-mutatccl NSCLC -p:i1ticnts. Lung Cancer. 

2014;85 

15. Nosaki K, Satouchi M, Kur:11:1 T, ct al. R~-h1nps~ st.nu~~ among non-small cell 

lung cancer patients in .In pan: A n.!trnspcct i\'~ study. Lung C anccr. 201 6; 10I :18. 

I<>. Bai II , Mao L, Wang l IS, ct al. Epicknnal growth fact0tr receptor mutations in 

plasma DNA samples predict tumor response in Chinese patients with stages 

11 18 to IV non-small-cell lung cancer. J Clin Oncol. 2009;27( 16):2653- 2659. 

17 . . Ma M , Shi C, Qian J, ct al. Compari son of plasma and tissue samples in 

epidermal growth factor receptor mutation by ARMS in advanced non-small cell 

lung c;:111cer. Gene.20 l 6;59 1 ( 1 ):58- 64. 

18. Li X, Ren R, Ren S, ct al. Peripheral blood for epidcnnal growth factor receptor 

mutati on detection in non-small cell lung cancer patients. Transl Oncol. 

20 I 4;7(3):34 1- 348. 

19. Hata A, Katakami N, Yoshioka H, ct al. Spatiotemporal T790M heterogeneity in 

individual patients with EGFR-mutant non-small -cell lumg cancer after acqui red 

resistance to EG FR-TKI. J Thorac On col. 20 15; 10( 1 I): 1553- 1559. 

20. NCC ~ clinical practice guidelines for non-small ce ll lung cancer. Version 

8.20 I 7.http://www.hts.org.gr/ 

49 

Univ
ers

ity
 of

 M
ala

ya



21. Novello S, Barlesi F, Cali fano R, ct al. Metastatic non-smnll-ccll lung cancer: 

ESMO clinical practice guidelines for diagnosis, trcatmcn1t anti follow-up. 

Ann Oncol.20 ll 6;27(suppl 5): v I v27 

22. National Cancer Registry. Cancer im;ick11cc in ~ lalaysi:.1 ~007-~0 I I. National 

Cancer Registry, Malays ia (hllp//www.cn:.gt)\ .m~ .nn) 

23. Lung Cancer - PORTAL Myl I FALT! I http: www.myhenlth.gov.my/en/ lung-

cancer/ 

24. Aljunid SM, Rizal AM, Abrizah A. Sharifah ZSY, Zarihah MZ, Rahmat A, 

Zulkifl i A. Cost of Smoking Among Patients with Lung Cancer. Malaysian 

Council for Tobacco Control 2006 portal 

25. AJCC Cancer Staging Manual. 8th ed. Springer, New York; 20 J 6 

26. Rami-Porta R. Crowley JJ, Goldstraw P. The revised TNM staging system for Jung 

cancer. Ann Thorac Cardiovasc Surg. 2009; 15:4-9. 

27. Chung MS, Lee SI I, Lee DH, Chung Bl I Evaluation or the 71h American Joint 

Committee on cancer TNM staging system, Jpn J Cl in 0111co. 20 13 Fcb;43(2): 184-

8 

28. A. Prof Frank Gaillard et al.) https: / rndiopacdia.orgluscrs !'rank 

29. Oken M, Creech R, Tonney D, ct al. Toxicity and response criteria of the 

Eastern Cooperative Oncology Group.Am J Cli11 011col. 1982; 5:649-655. 

so 

Univ
ers

ity
 of

 M
ala

ya



30.Roberts PJ, Stinchcombc TE, Der CJ, Socinski MA l\:rson,tl11ed 1111.:dicinc in 

non-small-cell lung cancer: is KR/\S a useful marker m sdccting patients for 

cpic.l<.:rmal growth foctor n.:ccptor-targctcd th1..·1.1p\ o) .I Cl in Om:ol. 20 I 0: 

28:4769-4777. 

31. Yuxin Lin, Xian \Vang, I longdiu.111 .Im. l'l~FR- r1'.1 resistance Ill SCLC 

patient·': mechanisms and :-. t1 :11cgic:-. :\ m J Cancer Res 20 14: 4:4 11-435 

www.ajcr.us 

32. T Mitsudomi, S Morita, Y Yatabe. ctal: Gefi tinib ,·ersus cisplatin plus docetaxel 

in patients with non-small-cell lung cancer harbouring mutations of the 

epidennal growth factor receptor (W JTOG3405): An open label , randomised 

phase :~ trial Lancet Oncol I I: 12 1 128,20 I 0 

33. Inoue A et al T North-East Japan Study Group (20 13) Updated overall sur\'i\'al 

results from a randomized phase Ill trial comparing gefitinih with ca1hoplatm

pacl itaxcl for chemo-nai vc non-small cell lung cancer with sen~iti ve FGFR gene 

mutations (NEJ002). Ann Oncol 24: 54-59 

34. Fukuoka M ct al, Biomarker analyses and final overall surviva l results from 

nphasc Ill , randomized. open-label. first-line study of gefi tinib \Crsus 

carboplatin paclitaxcl in clinically selected patients with ath :meed non-small 

ccl l lung cancer in Asia (IP/\SS). J Clin Oncol 29: 2866 2874 

51 

Univ
ers

ity
 of

 M
ala

ya



35. C Zhou, Y-L Wu, G Chen , ctal : Erlotinib versus chemothcrap~ as first-line 

treatment for patients with advanced EG FR mut.ttwn-1ws1tl\ c non-small-cell 

lung cancer (OPTIMAL, CTONG-0802): J\ mullll'l'nll~.l'P~n \,thd. randomised. 

phase 3 study Lancet Oncol 12: 735 7-12,2011 

16. R Rosell I, I ~ Carccrcny, R Gervais. eta! : Ftlntmih '~rsus s.tamlard chemotherapy 

as first·-line treatment forFumpcnn patients \\ ith advanced EGFR mutation

positive non-small-cell lung cancer (EURTAC): A multicentre, open-label, 

randomised phase J trial Lancet Oncol 13: 239- 246,2012 

37. Y-L Wu. C-K Liam, C Zhou ct al: First-line erlotinib versus 

cisplati in/gemcitabinc (GP) in patients with advanced EGFR mutation-positive 

non-small -cell lung cancer (NSCLC): Interim analyses from the phase 3,opcn

label , ENSU RE stuuy J Thorne Oncol 8: S603,2013 

38. JC Yang, YL Wu, M Schuler , ctal : Afotinib versus cisplatin-hascd 

chemotherapy for EGFR mutation-positive lung adcnocarcinoma (LUX-Lung 3 

and LUX-Lung 6): Analysis of overall survival data from two randomised, 

phase 3 trials Lancet Oncol 16: 141 - 151 ,20 15 

39. Y-L Wu, C Zhou, C-P I lu , eta\: Afatinib versus cisplatin plus gemcitabinc for 

first-line treatment of Asian patients with advanced non-small-cell lung cancer 

harbouring EGFR mutations (LUX-Lung 6): An open-label, randomised phase 3 

trial Lancet Oncol 15: 2 13 222,20 14 

40. Chunyrnn Mn, Sliuzhen Wei. Yong Song, T790M and acquired resistance of 

ECJFR TK I: a li terature review or cl inical reports, J Thorne Dis 20 11 ;3: I0- 18. 

52 

Univ
ers

ity
 of

 M
ala

ya



41. Ken Takczawa , Valentina Pirnzzoli , Maria I· . t\n:1l.1 11rR2 \mphti cation: A 

Potential Mechanism of Acquired Res1st.111ct• tn I tll'R lnlub11tl.'ll Ill FGi:R -

Mutant Lung Cancers 'I hat I :td. thl' St'l'lHld Sitt' Hll'R \'7l)l)\I ;\lutation. 

Canc1.:r l)iscov; 2(10); 922 D. 1 201 2 .\ .\ CR 

42. I lata A, Kalak:11ni N, Yoshioka 11 . et :11. SpatintL'mpnral 1'7901\l heterogeneity in 

indi vidual patients with 1:GFRmutnnt nnn-small-ccll lung cancer after acquired 

resistance to 1:c; FR-TK I. J Thorac Onrnl. 20 15: I 0: 1553- 1 559. 

43. Charan J,Biswas T. l low lo calculate sample si.lc for different study design in 

medical research? Indian J Psycho\ Med 20 13-35: 121-6 

44. Fiscnhaucr l ·A. 'I hcrnssc P. 13ogacns J . ct al. New response evaluation critcrin in solid 

tumours: Revised RECIST guideline (version I. I) Eur J Cancer. 2009:45:228 247. 

45. Oxnard GR, Arcila ME, Sima CS, ct al. Acquired resistance lo EGFR lyrnsinc 

kinase inhibitors in EGFR-mutant lung cancer: distinct natural history of 

patients with tumors harbori ng the T790M mutation. Clinical Carn.:er Res. 

20 11 ;17: 1616- 1622. 

46. M atsuo, N. et al. Association of EGFR Exon 19 D1?letion and EGFR-TKI 

Treatment Duration with Frequency of T790M Mutation in EGFR-M utant Lung 

Cancer Patients. Sci. Rep. 6, 36458; cloi : 10.1038/srep36458 (20 16). 

47. Park K, Yu CJ , Kim SW, Lin MC, Sriuranpong V, Tsai CM, cl al. First-line 

crlo1i11ih thcrnpy until a11d beyond response evaluation cri teria in solid tumors 

53 

Univ
ers

ity
 of

 M
ala

ya



progress ion in Asian patients with epidermal gnrn. th f.tctnt n:t.:t.:pwr mutation

positive nonsmall - cell lung cancer: the /\SPIRA 110'\ stlld~ . J \\I\ Oncol 

20 I (>;2(3):305c12. 

48. l{oc.: l11.:. cohas11< 1:ci l·R f\ lutation 1\:st. 20 1.'.' .. \uil.1hk .11 http: mnkcular.rochc. 

com/ass:ays/Pagcs/c.:ohasF(I FR r-. tutatinn l'r.:st .asp' 

49. Luo .J . Slu.:n L, /.hc11g D. Diagnostic \alue of circulating free DNA for the detection of 

l:Cil ·R rnutat1(lll status 111 SCLC: a systematic review and meta-analysis. Sci 

Rep. 20 I <l :4 :6269 

so. Tanaka T. Nagai Y. Miya;:awa 11. ct al. Reliability of the peptide nucleic acid

lockcdn'Uclcic acid polymerase chain reaction clamp-hased test for cpidcm1al 

growth foctor rct:cptor mutations integrated into the clinit:al prat:tice for non

small cell lung t:ancers.Canccr Sci 2007;98:246 252 

51. I lata A. Katakami N, Yoshioka 1-1 , ct al. Rebiopsy of' nonsmall cel l lung cancer 

patients with acquired resistance to epidermal growth f:tt:tor n:ceptor-tyros inc 

kinase inhibitor:comparison between T790M mutation-positi\ c and mutation

ncgati vc populations. Cancer.20 13; 119: 4325-t332. 

52. E-E Ke ct al A I ligher Proportion of the EGFR T790M Mutation lay 

Contrib1L1tc to the Better Survival or Patients with Exon 19 Deletions Compared 

with.Th ose with L858 R. Journal or Thoracic Oncology Vol. 12 No. 9: 1368-

1175. 

54 

Univ
ers

ity
 of

 M
ala

ya



53. Nosaki, K. et al. Re-biopsy status among non-small cell hmg cancer patients in 

Japan: a retrospective study. Lung Cancer 100, I 8 (2016). 

54.1 lata. /\. ct al. Spat iotcmporal I 7 l)()i\ I I k't1.'1 l':!'-'l\1.'ll~ II\ l ndh idual 

P;11il:n1 ~. "ith I <ii R-M utant Nnn-S111.\ll-t 'dl I un:! l.'..11\1.·1.·r .1ftcr 

/\cquin.:d l~c:-.istancc 10 I (ii R-1 t-:I J I ht,r<11.' Un~\)1110 . 1553 1559 

(2015). 

55.Sun . .1 . M .. /\ hn. M . .I .. Chni. Y. L. . . \Im. J. S. & Park. K. Clinical 

implica tions or T790M mutation in patients with acquired resistance to 

EGFR tyrosine kinase inhibitors. Lung Cancer 82. 294-298(201 3) 

56. Yang JC, Ahn MJ, Kim OW, et al. Osimcrtinib in pretreated T790M-positivc 

advanced non-small -cell lung cancer: AURA Study phase II extension 

component. J Clin Oncol.2017;35:1288- 1296. 

57. Goss G, Tsai C-M, Shepherd FA, ct al. Osimcrtinib for pretreated EGFR 

Thr790Mct-positivc advanced nonsmall-ccll lung cancer (AU RA 2 ): a 

multiccntrc, open label, single-arm, phase 2 study. Lancet Oncol. 2016; 17: 1643-

1652. 

58. Mok TS, Wu YL, Ahn MJ , ct al. Osimcrtinib or platinumpcmetrcxcd in EGFR 

T790M··posi ti vc lung cancer (AURA3). N Engl J Med. 20 I 7;376:629- 640. 20 

SS 

Univ
ers

ity
 of

 M
ala

ya



59. Takayuki Takahama ct al, Detection of the T790M mutatll)l1 

EGFR in plasma of advanced non-small cell Jung cam:a p.lticnts "1th acquired 

resistance to tyrosine kinase inhibitors (Wcsl Jap;1n lHH.'l'\1,,g, gwup 801-ll TR 

study).20 16 Sep 6; 7(36): 58492 58..tl)<). 

60. Timolhy A. Yap Aislinn Mm:klin-Dnhcrly, S .1n.1a~ Pnpnt. Continuing EGFR 

inhibition beyond progression in advanced non-small cel l Jung cancer. European 

Journal or Cancer 70(20 17) 12-2 1. 

61. Maruyama R, Wataya 11, Seto T, Ichinose Y. Treatment after the fa ilure of 

gcfitini b in patients with advanced or recurrent nonsmall cell lung cancer. 

Anticancer Res 2009;29( I 0):42 17-21. 

62. Fachling M. Eckert R. Kamp T. Kuom S. Griese U. Stra""tcr J. ct al. EGFR

tyrosinc kinase inhibitor treatment beyond progression in long-term Caucasinn 

respondc:rs to erlotin in advanced non-small cell lung (;:ancer: a case-control 

study of overall survival. Lung Cancer 20 I 3;80(3):306- 12 

63. Masayuki Takeda, lsamu Okamoto, and Kazuhi ko Nakagawa, Survival Outcome 

Assessed According to Tumor Response and Shrinkage Pattern in Patients with 

EGFR Mutation- Positive Non- Small -Cell Lung Cancer Treated with Gcfi tinib 

or Erlotinib. Journal of Thoracic Oncolog) R Volume 9, Number 2. Fcbruar) 

2014. 

56 

Univ
ers

ity
 of

 M
ala

ya




