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Use of the epidermal growth factor receptor inhibitors
gefitinib, erlotinib, afatinib, dacomitinib, and icotinib
in the treatment of non-small-cell lung cancer:
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ABSTRACT

Introduction This systematic review addresses the use of epidermal growth factor receptor (EGFR) inhibitors in
three populations of advanced non-small-cell lung cancer (NscLc) patients—unselected, selected, and molecularly
selected—in three treatment settings: first line, second line, and maintenance.

Methods Ninety-six randomized controlled trials found using the MEDLINE and EMBASE databases form the basis
of this review.

Results 1In the first-line setting, data about the efficacy of EGER tyrosine kinase inhibitors (Tkis) compared with
platinum-based chemotherapy are inconsistent. Results from studies that selected patients based on clinical
characteristics are also mixed. There is high-quality evidence that an EGFr TK1 s preferred over a platinum doublet as
initial therapy for patients with an activating mutation of the EGFR gene. The EGFR TK1s are associated with a higher
likelihood of response, longer progression-free survival, and improved quality of life. Multiple trials of second-line
therapy have compared an EGFR TKI with chemotherapy. Meta-analysis of those data demonstrates similar progression-
free and overall survival. There is consequently no preferred sequence for second-line EGFR TKI or second-line
chemotherapy. The EGFR TK1s have also been evaluated as switch-maintenance therapy. No molecular marker could
identify patients in whom a survival benefit was not observed; however, the magnitude of the benefit was modest.

Conclusions Determination of EGFR mutation status is essential to making appropriate treatment decisions
in patients with NscrLc. Patients who are EGFR mutation—positive should be treated with an EGFR TKI as first-line
therapy. An EGFR TKI is still appropriate therapy in patients who are EGFR wild-type, but the selected agent should
be administered as second- or third-line therapy.
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INTRODUCTION

Lung cancer represents a major health burden. Many af-
fected individuals present with advanced disease and are
candidates for palliative systemic therapy. Historically, all
patients with advanced non-small-cell lung cancer (NscLc)
would receive similar therapy, in which platinum doublets
were recommended as initial (first-line) therapy'?, peme-
trexed? or docetaxel*® as second-line therapy, and erlotinib
as second- or third-line therapy®’.

Significant changes have taken place in the approach
to the treatment of advanced NscLc since 2010. Treatment
algorithms are now heavily influenced by the histologic

subtype of nscrc?, and multiple trials have examined
the sequence of subsequent lines of therapy [epidermal
growth factor receptor (EGFR) tyrosine kinase inhibitors
(tx1s) vs. chemotherapy]. More importantly, the discovery
of molecular abnormalities such as mutations of the EGFR
gene®!% and translocations of the ALK gene have identi-
fied a group of patients who appear to derive significantly
greater benefit from molecularly targeted therapies.

METHODS

Four clinical members of the Program in Evidence-
Based Care’s Lung Cancer Disease Site Group and one
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methodologist selected and reviewed evidence related
to EGFR TKIs in NscLc. The body of evidence in this review
primarily encompasses mature randomized controlled
trial data.

Literature Search Strategy

The MEDLINE (2006 to March 2014), EMBASE (2006 to March
2014), and Cochrane Library (March 2014) databases were
searched for published practice guidelines, systematic
reviews, and randomized clinical trials. Reference lists of
papers and review articles were scanned for additional cita-
tions. The Canadian Medical Association Infobase (https://
www.cma.ca/En/Pages/clinical-practice-guidelines.aspx),
the U.S. National Guidelines Clearinghouse (http://www.
guideline.gov/), and other Web sites were searched for ex-
isting evidence-based practice guidelines. The American
Society of Clinical Oncology conference proceedings from
2007 to 2013 were also searched. Search terms indicative
of NscLc, gefitinib (Iressa: AstraZeneca, Mississauga, ON),
erlotinib (Tarceva: Genentech, San Francisco, CA, U.S.A.),
afatinib, dacomitinib, and icotinib were used. Articles
published before 2006 and included in this version of the
systematic review were found using the search strategy
described in the previous version of the guideline®. Only
fully published articles from the previous version of this
systematic review were included.

Study Selection Criteria

Publications wereincluded in the review if they were meta-
analyses or randomized trials (phase 11 or 111) comparing
gefitinib, erlotinib, afatinib, dacomitinib, oricotinib alone
or in combination with chemotherapy with placebo, best
supportive care, or chemotherapy; or comparing various
doses or schedules of gefitinib, erlotinib, afatinib, dacomi-
tinib, or icotinib; and fully published papers or published
abstracts of trials in any language that reported at least one
of the following outcomes by treatment group: symptom
control, quality of life, tumour response rate, survival, or
toxicity.

Publications were excluded from the review if they were
pilot trials, dose-escalation trials, or case series (includ-
ing expanded access programs); letters and editorials that
reported clinical trial outcomes; or conference abstracts
before 2007.

Synthesizing the Evidence

When clinically homogenous results from two or more tri-
als were available, the data were pooled using the Review
Manager software (RevMan 5.1.6) provided by the Co-
chrane Collaboration. Because hazard ratios (HRs), rather
than the number of events at a certain time point, are the
preferred statistic for pooling time-to-event outcomes'?,
HRs were extracted directly from the mostrecently reported
trial results. The variances of the HR estimates were cal-
culated from the reported confidence intervals (c1s) using
the methods described by Parmar et al.'?. Arandom effects
model was used for all pooling.

Statistical heterogeneity was calculated using the
chi-square test for heterogeneity and the I? percentage.
A probability level for the chi-square statistic less than or
equal to 10% (p < 0.10) or an I? greater than 50% (or both)

were considered indicative of statistical heterogeneity. Re-
sults are expressed as HRs with 95% cIs. A HR greater than
1.0 indicates that patients receiving gefitinib, erlotinib,
afatinib, dacomitinib, or icotinib had a higher probability
of experiencing an event; conversely, a HR less than 1.0
suggests that patients receiving erlotinib or gefitinib had
alower probability of experiencing an event.

RESULTS

Literature Search Results

Ofthe 3633 English and foreign-language studies identified,
ninety-sixrandomized trials met the predefined eligibility
criteria for the present systematic review. Of those trials,
sixty-six were fully published reports, and thirty were in
abstract form, including four updates to fully published
trials. Slide presentations associated with abstract trial re-
portswere also included if the presentations were publicly
available on meeting Web sites and if they provided addi-
tional data. No relevant systematic reviews that answered
our research questions were identified.

Outcomes

Thisreport separately considers three populations of NscLc
patients (unselected, clinically selected, and molecularly
selected). In the unselected group, any NscLc patient was
allowed to participate in the trial as long as the other trial
eligibility criteria were met in the absence of molecular
testing. In the clinically selected group, patients were
selected based on clinical characteristics predictive of an
EGFR mutation such as Asian ethnicity, adenocarcinoma
histology, female sex, smoking status, or age. In the mo-
lecularly selected group, patients were included if their
tumours tested positive for an EGFR mutation.

First-Line Treatment

Unselected Populations: EGFR Inhibitor Compared with
Chemotherapy: Six fully published papers and three ab-
stracts compared an EGFR inhibitor with platinum-based
chemotherapy. Most of the trials were small, with fewer
than 100 patients per arm. Only the TORcH trial appeared to
have a sufficient number of participants to provide mean-
ingful information on overall survival (0s)!® (Table 1). The
findings of the trials suggest that first-line therapy with
an EGFR TKI is inferior to chemotherapy in an unselected
population of NscLc patients.

Response rate was not reported in three studies. In
one study, the response rate favoured the EGrr inhibitor?!,
and in four studies, it favoured chemotherapy!31419-21, The
study by Reck et al.'® found a significantly higher response
rate in patients randomized to chemotherapy (p = 0.0001).

The results show improved progression-free survival
(prs) for patients randomized to chemotherapy. Median prs
was similar in two trials'*!8. In one trial, pFs was longer in
the EGFR inhibitor group: 4.57 months for erlotinib versus
2.53 months for vinorelbine (HR: 0.6444; 95% c1: 0.4325 to
0.9601; p = 0.0308)!. In five trials, prs was longer in the
chemotherapy group!®1>1719.20, Several of the trials found
that prs significantly favoured chemotherapy!®'51°. One
trial examined time to progression and found that it was
longer with chemotherapy, but not significantly so?’.
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One trial reported nonsignificant improvements in
os in the EGFR inhibitor group?!. In seven trials, os was
prolonged with chemotherapy'3-1>17-20_In the largest trial
(TorcH), os was significantly worse for patientsrandomized
to erlotinib'®. Those findings suggest that initial therapy
with an EGFR TKI in an unselected population of patients
with advanced NscLc could be inferior treatment.

Quality oflife and symptom control were discussed in
three trials'»!72!, In the trial by Crino et al.', the gefitinib
group scored higher on all four of the quality of life assess-
ment tools. The trials by Agarwal ef al.'” and Chen et al.?!
found no difference in quality of life, although the patients
in the erlotinib group in the Chen et al. trial reported sig-
nificantly better physical well-being.

The most significant toxicities from EGer inhibitors are
diarrhea and rash. Most other adverse effects were mild
and occurred at similar rates in all trials, with the excep-
tion of neutropenia, which occurred more commonly in
the chemotherapy arm.

EGFR Inhibitor Plus Chemotherapy Compared with Chemo-
therapy Alone: Eight trials examined the use of a first-line
EGFR inhibitor plus chemotherapy compared with chemo-
therapy alone in unselected patients. Four trials evaluated
continuous EGFR TKI plus chemotherapy, three trials evalu-
ated intermittent EGFR TKI (intercalated), and one trial evalu-
ated combination chemotherapy plus an EGFR TKI compared
with sequential EGFr TKI followed by chemotherapy.

The data showed no benefit for the addition of an
EGFR TKI to first-line chemotherapy, although the trial of
intercalated EGFR TKI showed an improvement in prs. No
significant differences in the response rate were observed
in four trials involving more than 4000 patients?>-?> (Ta-
ble1).Inthree additional trials, the response rate favoured
the EGFR inhibitor group??-2%27-29_ In the trial by Riely et
al.?8, the response rate was the highest (34%) for erlotinib
1500 mg daily, followed by paclitaxel and carboplatin
chemotherapy. The response rate was 18% in the arm in
which the dose of erlotinib was 150 mg, and 28% in the
arm in which paclitaxel and carboplatin was followed by
erlotinib 1500 mg daily.

Three trials reported prs, with all reporting a longer
prs in the combined EGFR inhibitor and chemotherapy
groups?>2729_ Statistical significance was reported in two
of the trials, which both favoured the EGrr plus chemo-
therapy groups?’2%. Four trials reported time to progres-
sion?2:242528,34 The iNTACT 1 and 2, TRIBUTE, and TALENT
trials all showed no significant difference in time to pro-
gression across all arms?22425 The trial by Riely et al.?8 did
notshow anincrease in time to progression when erlotinib
daily doses of 150 mg and 1500 mg were compared (both
followed by paclitaxel and carboplatin): in both groups,
time to progression was 4 months. The combination of
paclitaxel and carboplatin followed by erlotinib 1500 mg
daily showed a 1-month increase in time to progression.
An unplanned subgroup analysis by mutation status for
patients in the TRIBUTE trial with available tissue showed
an increase in time to progression for erlotinib plus pa-
clitaxel and carboplatin (12.5 months) compared with
chemotherapy alone (6.6 months), but that difference did
not reach significance (p = 0.092)%4.

There was no clear improvement in os with the
addition of an EGFR TKI to chemotherapy. Statistical
significance was not reached in any trial. In the trial
by Riely er al.?8, survival was greatest with erlotinib
1500 mg daily followed by paclitaxel and carboplatin:
15 months compared with 10 months for both erlotinib
150 mg daily followed by paclitaxel and carboplatin,
and paclitaxel and carboplatin followed by erlotinib
1500 mg daily. The rasT-AcT 11 trial observed a trend
toward longer os favouring the chemotherapy plus er-
lotinib arm (HR: 0.78; 95% c1: 0.60 to 1.02; p = 0.069)2°.
Those results do not support the addition of an EGFR TKI
to platinum-based chemotherapy. Toxicities were simi-
lar between the groups, with the exception of diarrhea
and skin disorders, which occurred more frequently in
the EGFR inhibitor groups.

Other First-Line Trials: Six additional trials evaluating
various approaches of EGFR Tk1 and chemotherapy were
identified; none showed evidence of improved os. In two
trials evaluating an EGFR TKI compared with placebo
in patients not suitable for chemotherapy, no clear dif-
ferences in PFs or os were observed (Table 1). Statistical
significance was reached in the trial by Lee et al.3’ for prs,
but neither trial showed a difference in 0s3%35. Quality
of life in the Goss er al.3° trial was not different between
the two arms. For gefitinib, the rates of improvement in
quality of life were 21.1% [by the Functional Assessment
of Cancer Therapy-Lung (ract-L)], 15.8% (by the Trial
Outcome Index), 32.9% (by the lung cancer subscale of the
FACT-L), and 28.3% (by the Pulmonary Symptom Improve-
ment test); for placebo, the correspondingrates were 20%,
13.8%, 30.89%, and 28.3% respectively.

In the 3-arm trial by Stinchcombe et al.??, sequential
and concurrent gemcitabine plus erlotinib both led to
higher response rates and longer prs than did erlotinib
alone, although the differences were not statistically sig-
nificant. Thelongest os was observed in patients receiving
sequential chemotherapy followed by erlotinib. No clear
difference in quality of life was evident using the Trial
Outcome Index (p = 0.76), the lung cancer subscale of the
FACT-L (p = 0.85), or the FacT-L (p = 0.57).

The two trials that compared an EGFR inhibitor plus
atargeted agent with a targeted agent and chemotherapy
showed mixed results3"33. The trial by Boutsikou et al.3*
used a factorial design to evaluate the addition of erlo-
tinib and bevacizumab to cisplatin and docetaxel. No
significant improvement in os was observed, although
the response rate was highest in the chemotherapy plus
erlotinib arm. Time to progression was significant and
longest in the combination arm (p = 0.001).

Clinically Selected Populations: Three studies that
compared an EGFR inhibitor with chemotherapyin clini-
cally selected patients in the first-line setting (Table 11)
were identified. Alarge proportion of the patients in these
trials crossed over to the alternative therapy at progres-
sion. The 1pass trial demonstrated significant improve-
ments in response rate and Prs, but no difference in 0s?.
No significant outcome differences were observed in the
other two trials3839,

€190

Current Oncology, Vol. 22, No. 3, June 2015 © 2015 Multimed Inc.



USE OF EGFRIs IN THE TREATMENT OF NSCLC: A SYSTEMATIC REVIEW, Ellis et al.

(£280=d) (18£°0=0d)
751 038570 1D %S6 St'1L 0} 19°0 11D %S6
1S6°0 *YH ‘1¥6°0 4H ¢ DNV unejdogied snid ;w/Sw G/ | [axen|ord 9t
SYIUOW €701 SYIUOW €11 %0°LE § DNy unejdogres snid ;w/Sw g/ | [oxenjoed
snid (8]04d doam-¢ ‘G- shep) (3oensqe ‘|| aseyd)
SYIUOW €€°6 SYIUOW €LY %6°0% Ajrep 8w 05z qunyen 144 1+€10T "B 19 10D
syuaned pa1dajas Ajjediuld ur auoge Aderayrowayd yim paredwod Adersyrowayd snyd 10qiyur 3453 aulf-1sii4
(8861°0=d)
SUIUOW 8/ 01 11 31D %SG6  SYIUOW 7°8 01 7 1D %S6 9 DNV unejdogies
SUIUOW 861 SUIUOW 9°9 %9t snjd ;w/Bw 0o |oxeyded
SUIUOW 8'€E 0} '8 1D %S6  SYIOW 0°Z 01 6'C 11D %56 snid Ajrep 8w 0g | qiunoj3 001 (11 9seyd ‘90¥0€ 4DTVD)
SUIUOW 9'1C SUIUOW 0°S %S¢€ Ajrep Sw 051 quunoyig 18 orT10T “[B 12 Suue(
syuaned paydajas Ajfesiuld ur doxqiyur y453 ue yum pasedwod Adessyiowsyd snid 1ouqiyur Y4537 aulj-1514
(65°0=d :zdL1)
(850=d :1dLl1) asdejas UO 9s1ondY
(9z°0=d) SYIUoW €4 17d11 %G {7 :dUI[-PUODIS
SYIUOW 't SYIUOW ' 11d Ll %P L1 BulsI AW/Bw 05z | dulqelowan i
syuow §¢ 17d1L %8 :Ul|-pU0dAS (11 9seyd ‘5050 Dd4D)
SUIUOW 6°€ syuow 7'z t1d1L %7 L PUISI l1ep Sw og | qrunojig 05 e 10T “[B 19 198D
(¥09°0=0) (8€10=0)
€110 91L0 1D %S6 0CS'L O 1670 ‘1D %S6
2€6°0 H ‘861°L AH [W/Sw G/ upeidsid
SYIUOW 6°CC SUYJUOW ¥°9 %09t snjd ;w/8w 0§z | sulqeHdwan Sl (1 eseyd “TyYNDIS-IsI1d)
SYJUOW €°¢¢ SUYIJUOW 8°G %t'qS Altep Sw oSz qrunyen 651 geC 10T “[B 19 ueH
(100°0>9)
(601°0=d) G8°0 03 S9°0 *1D %S6 (L00°0>d)
€C0'1L 0} €640 1D %56 Y20 ¥H L0°C 03 ST L 1D %S6 (ensqe ‘| aseyd
106°0 “dH (puow-z1) %L9 ‘651 MO 940 G DNV unejdoged ‘ayepdn [eAIAINS [|BI9A0 SSVdI)
SYIUOW ¥/ 1 ‘'SYIUOW 8§ %C CE snjd ;w/3w 00 [oxen|oed 809 ££010T “& 39 Suex
(Yuow-z1) %6+ (SSvdI)
SYJUOW 8°8 1| SYWUOW /G %y Alrep Sw oSz qrunyen 609 96600 “[B 19 JOW
swaned padayas Ajjediuld ur Adersyowsayd yum paredwod iouqiyur Y407 Sulj-1sil{
1ZEYYe) 3a45-uoissaidoiy pazAjeuy pajjoiug
(3d+3D) (S|reyap Apnys)

|BAIAINS URIPIW

d)el asuodsay

juswijeal| (u) syuaneq 9DUIBY

syuaired paosjas Ajjestul]d ul siouqiyul (Y403) Joydadas 1ojoe) yimold jewsapida aulsit{ |1 I19VL

el91

Current Oncology, Vol. 22, No. 3, June 2015 © 2015 Multimed Inc.



USE OF EGFRIs IN THE TREATMENT OF NSCLC: A SYSTEMATIC REVIEW, Ellis et al.

TABLE Il Continued

Median survival

Response rate

Treatment

Patients (n)

Reference
(study details)

(CR+PR)

Overall

Progression-free

Enrolled Analyzed

First-line EGFR inhibitor compared with chemotherapy in clinically selected patients

Not reported

10.3 Months

3.8%

Erlotinib 150 mg daily (days 15-28) plus

26

Michael et al., 201242

gemcitabine 1000 mg/m?
Gemcitabine 1000 mg/m?

(GATE, phase Il, abstract)

8.0 Months

71%

28

HR: 1.3;
95% Cl: 0.63 to 2.68

(p=0.4798)
9.95 Months

74.8% (12-month)
59.6% (24-month)

Not reported

Pemetrexed 500 mg/ m? plus cisplatin 75 mg/m?

25

Liang et al., 2010%

plus gefitinib 250 mg daily

(phase 11, abstract)

93.3% (12-month)

6.83 Months

Pemetrexed 500 mg/m? plus cisplatin 75 mg/m?

24

71.1% (24-month)

HR: 0.533;
95% Cl: 0.272 to 1.044

0.067)

(p=

hazard ratio.

odds ratio; Cl = confidence interval; HR =

partial response; AUC = area under curve; OR

CR = complete response; PR

Subgroup analyses for the 1pass and First-SIGNAL tri-
als were done for patients with tumour samples available
for EGFR mutation testing363%. In the First-SIGNAL trial,
EGFR mutation-positive patients treated with gefitinib
(compared with those treated with gemcitabine and cis-
platin) showed a higher overall response rate (84.6% vs.
37.5%, p=0.002) and a trend toward longer PFs (HR: 0.544;
95% cr: 0.269 to 1.100; p = 0.086). The mutation-negative
patients in the gemcitabine and cisplatin arm (compared
with the those in the gefitinib arm) showed a trend toward
a higher overall response rate (51.9% vs. 25.9%, p = 0.051)
and longer pFs (HR: 1.419;95% c1: 0.817 t0 2.466; p=0.226).
The treatment arms showed no significant differences in
os according to EGFR mutation status (mutation-positive
subgroup HR: 1.043; 95% c1: 0.498 to 2.182; mutation-
negative subgroup Hr: 1.000; 95% c1: 0.523 to 1.911; and
mutation-unknown subgroup HR: 0.880; 95% c1: 0.639 to
1.210)38,

Findings were similar in the 1pass trial: PFs was sig-
nificantly longer for patients in the mutation-positive
subgroup receiving gefitinib than for those receiving
carboplatin—paclitaxel (HR: 0.48; 95% c1: 0.36 to 0.64; p <
0.001). In the mutation-negative subgroup, pFs was signifi-
cantly shorterin patients receiving gefitinib than in those
receiving carboplatin-paclitaxel (HR: 2.85;95% c1: 2.05 to
3.98; p < 0.001). Results in the subgroup with unknown
EGFRmutation status were similar to those for the overall
population. The os with gefitinib therapy trended longer
in the mutation-positive subgroup (aR: 0.78; 95% c1: 0.50
to 1.20) than in the mutation-negative subgroup (HR: 1.38;
95% c1: 0.92 t0 2.09) or in the mutation-unknown subgroup
(aR: 0.86; 95% c1: 0.68 to 1.09)36, which suggests that the
benefit of first-line therapy with an EGrr Tx1 is limited to
patients with tumours known to harbour an EGFR muta-
tion. Clinical characteristics should not be used to select
patients for first-line EGFR TK1 therapy.

One trial evaluated the combination of an EGFR TKI
plus chemotherapy compared with an EGFR TKI alone in
clinically selected patients. The response rate was greater
in the EGFR inhibitor plus chemotherapy arm; however,
no significant differences in prs (p = 0.1988) or 0s*° were
observed. Adverse effects were consistent with those as-
sociated with chemotherapy and EGrr inhibitors*°.

Three additional trials compared the combination of
an EGFR TKI plus chemotherapy with chemotherapy alone
inclinically selected patients. The addition of gefitinib to
cisplatin and pemetrexed resulted in a trend toward lon-
ger PFs, but no improvement in 0s*3. No clear benefit was
observed in the other two trials evaluating the addition
of gefitinib to carboplatin and paclitaxel*! or of erlotinib
to gemcitabine*2

Results for symptom control and quality of life were
addressed in two studies. In the 1pass trial, statistical
and clinically relevant improvements in quality of life
were associated with the use of the EGFR inhibitor3¢. The
First-sigNaLtrial found significant differences in physical
(p < 0.001) and social functioning (p = 0.013) favouring
gefitinib. No significant differences in emotional and
cognitive functioning were observed??.

Adverse effects were consistent with those known for
EGFR inhibitors and chemotherapy.

Current Oncology, Vol. 22, No. 3, June 2015 © 2015 Multimed Inc.
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Molecularly Selected Populations: Seven trials used
an EGFR inhibitor in molecularly selected patients with
stage 111B/1v NscLC. One trial selected patients on the basis
of EGFR protein overexpression (assessed by immunohis-
tochemistry) or increased gene copy number (assessed
by fluorescence in situ hybridization, Table 111). Six tri-
als selected patients with tumours harbouring an EGFR
mutation. A meta-analysis of this group of patients was
performed because the patients were homogenous, and
the treatment comparators were platinum-based chemo-
therapy regimens. All six trials observed higher response
rates favouring the EGrr inhibitor group. Three of the trials
(Mitsudomi et al.*®, Zhou et al.*® and Yang et al.®!) found the
results to be statistically significant (p < 0.0001).

Inevery trial, prs was also statistically significant and
favoured the EGFR inhibitor#446:48,50-52 A meta-analysis
[Figure 1(A)] demonstrated a statistically significant im-
provementin Prs (HR: 0.35; 95% c1: 0.28 to 0.45; p <0.00001).
However, the 7 is high at 80%, which shows considerable
statistical heterogeneity. In each of the subgroup analyses
(different GrR inhibitors), the I? also remains high. The
cause of the heterogeneity remains unknown at this time.

The addition of the subgroup analyses from both the
1pass and First-siGNaLtrials in patients with a known EGFR
mutation status36-38 resulted in similar findings [HR: 0.38;
95% cr1: 0.31 to 0.46; p < 0.00001; Figure 1(B)]. Evidence of
statistical heterogeneity remains, with an I? of 76%.

Sixtrials reported os. The data are difficult to interpret,
because many patients are likely to have crossed over to
the other treatment arm, but the actual percentages are
not reported. Meta-analysis of those trials demonstrates
no differencein survival between the two groups [HR: 1.01;
95% c1: 0.86 to 1.18; p = 0.94; Figure 2(A)]. Inclusion of data
from the 1pass and First-siGNaL trials did not change that
result [HR: 0.98; 95% c1: 0.84 to 1.14; p = 0.77; Figure 2(B)].

One additional study compared an EGrrinhibitor plus
chemotherapy with an EGerinhibitor alone in patients with
EGEFR protein overexpression or increased gene copy num-
ber®3. No clear recommendation can be made from that
trial. Response rate and prs were higher in the EGFR plus
chemotherapy group, but os favoured the EGrr-inhibitor-
alone group The most significant toxicity was skin rash,
which occurred in slightly higher numbers in the EGERr-
inhibitor-alone group®3.

Symptom control and quality of life were discussed in
the Yang et al.>! and Wu et al.>? studies. A significant delay
in time to deterioration of the cancer-related symptoms
of cough (HR: 0.60; p = 0.0072) and dyspnea (HR: 0.68;
p = 0.0145) was seen with the EGFR inhibitor afatinib®'. A
higher proportion of patients in the afatinib group expe-
rienced a significantly longer time to deterioration (HR:
0.56; 95% cr: 0.41 to 0.77; p = 0.0002)°2,

The adverse effects were consistent with those found
with EGFR inhibitors and chemotherapy.

Second-Line Treatment

Unselected Populations: EGFR Inhibitor Compared
with Chemotherapy: Ten studies®~5% compared an EGFR
inhibitor with chemotherapy (docetaxel or pemetrexed)

in second-line treatment (Table 1v). None of the trials in-
corporated a planned crossover to the other agent at the
time of progression. However, at progression, patients were
permitted to receive the alternative treatment to which
they were assigned. No significant difference in response
rate was observed in six of the ten studies®*5%57:59-61.63 T
three of the four studies conducted in Asian populations,
the EGrrinhibitor was associated with asignificantly higher
response rate®%:58.63,

The foregoing trials underwent meta-analysis for prs
and os because they addressed similar questions and in-
cluded clinically homogenous populations [Figure 3(A,B)].
(Three of the studies did not provide enough data to be
included in the analysis®*#5"%.) No difference in prs was
observed between EGFR TKI and chemotherapy (HR: 0.99; 95%
c1:0.87t0 1.312; p=0.83). The Fin this analysis was still high
at 54%, which shows evidence of statistical heterogeneity:.

Biomarker studies performed in the INTEREST trial
demonstrated that EGFR protein expression, gene copy
number, and mutation status, and KRAS mutation status
were not predictive of any difference in os for either ge-
fitinib or docetaxel®®. For patients treated with gefitinib,
EGFR mutation status predicted a longer prs (HR: 0.16;
95% c1: 0.05 to 0.49; p=0.001). However, the overall results
suggest that second-line therapy with an EGFR TKI or with
chemotherapy are both reasonable alternatives.

Similar results were observed for os. A meta-analysis
showed no difference in os for second-line EGFR TKI or
chemotherapy [HR: 1.02; 95% c1: 0.95 to 1.09; p = 0.56; Fig-
ure 3(B)]. There did not appear to be significant heteroge-
neity between the trials for os (I?: 0%).

Four studies evaluated symptom control and quality
of life. All four found that the use of an EGrr inhibitor im-
proved both symptom control and quality of life542658:60,
Adverse effects were consistent with those associated with
EGFR inhibitors and chemotherapy.

EGFR Inhibitor Alone Compared with EGFR Inhibitor Plus
Chemotherapy: Fivestudies compared an EGrrinhibitor
alone with an Egrrinhibitor (concurrent or intercalated)
plus chemotherapy. Three of those trials had small pa-
tient numbers64-66,

The response rate showed no clear improvement with
an EGFRTKI combined with another agent than with an EGFr
TKI alone (Table 1v). In several trials, small improvements
in prs were noted in favour of the combination arm, but no
statistically significant differences were observed®4-6769,
Overall survival followed a similar pattern. All but one
of the studies® showed that os was longer with an EGFR
inhibitor plus another agent; in one study, the difference
was statistically significant®. However, these reports come
from small, inadequately powered trials, and so it is not
possible to draw any real conclusions from the data.

Symptom control and quality of life were evaluated
in the two studies by Chen and colleagues®+%6. Using the
Lung Cancer Symptom Scale, both studies found no dif-
ference in symptoms between the two groups. Adverse
effects were consistent with those known for EGrr inhibi-
tors and chemotherapy.

Current Oncology, Vol. 22, No. 3, June 2015 © 2015 Multimed Inc.
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(A) Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.2 gefitinib
Maemondo M 2010 -1.204 0.1588 16.7% 0.30(0.22, 0.41) e
Mitsudomi T 2012 WJTOG3405 -0.7154 0.1941 14.6%  0.49 (0.33, 0.72] —

Subtotal (95% CI) 31.3% 0.38 [0.23, 0.61] P

Heterogeneity: Tau® = 0.09; Chi* = 3.80, df = 1 (P = 0.05); I = 74%

Test for overall effect: Z = 3.99 (P < 0.0001)

1.1.3 erlotinib

Rosell R 2012 EURTAC -0.9943 0.0196 23.3% 0.37 [0.36, 0.38) L]

Zhou C 2012 OPTIMAL -1.8326 0.2438 12.0% 0.16 (0.10, 0.26) ——

Subtotal (95% CI) 35.3% 0.25 [0.11, 0.57] B

Heterogeneity: Tau® = 0.32; Chi* = 11.75, df = 1 (P = 0.0006); I’ = 91%

Test for overall effect: Z = 3.30 (P = 0.0010)

1.1.4 afatanib

Wu YL 2013 LUX-Lung 9 -1.1332 0.1578 16.7%  0.32[0.24, 0.44) ——

Yang JC 2012 LUX Lung 3 -0.5447 0.1579 16.7%  0.58 [0.43, 0.79) ——

Subtotal (95% CI) 33.5%  0.43 [0.24, 0.77) -

Heterogeneity: Tau® = 0.15; Chi’* = 6.95, df = 1 (P = 0.008); I’ = 86%

Test for overall effect: Z = 2.85 (P = 0.004)

Total (95% CI) 100.0% 0.35 [0.28, 0.45] <

Heterogeneity: Tau® = 0.06; Chi* = 24.51, df = 5 (P = 0.0002); I’ = 80% 0:05 0:2 § 2%0
Test for overall effect: Z = 8.60 (P < 0.00001) . ari

Test for subgroup differences: Chi* = 1.13, df = 2 (P = 0.57), I’ = 0% RS S parkreval [Favmors

(B) Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
1.2.2 gefitinib
Han )Y 2012 First-SIGNAL -0.6088 0.3593 5.7% 0.54 [0.27, 1.10]) ——
Maemondo M 2010 -1.204 0.1588 13.3% 0.30 [0.22, 0.41) -+
Mitsudomi T 2012 WJTOG3405 -0.7154 0.1941 11.5% 0.49 [0.33, 0.72) —

Mok TS 2009 IPASS -0.734 0.1468 14.0% 0.48 (0.36, 0.64) =
Subtotal (95% CI) 44.5% 0.42 [0.32, 0.56] &
Heterogeneity: Tau® = 0.04; Chi* = 6.44, df = 3 (P = 0.09); I’ = 53%

Test for overall effect: Z = 6.02 (P < 0.00001)

1.2.3 erlotinib

Rosell R 2012 EURTAC -0.9943 0.0196 19.6% 0.37 (0.36, 0.38) L
Zhou C 2012 OPTIMAL -1.8326 0.2438 9.2% 0.16 [0.10, 0.26) —
Subtotal (95% CI) 28.8% 0.25 [0.11, 0.57] e

Heterogeneity: Tau® = 0.32; Chi* = 11.75, df = 1 (P = 0.0006); I’ = 91%

Test for overall effect: Z = 3.30 (P = 0.0010)

1.2.4 afatinib
Wu YL 2013 LUX-Lung 9 -1.1332 0.1578
Yang JC 2012 LUX Lung 3 -0.5447 0.1579

Subtotal (95% CI)

Test for overall effect: Z = 2.85 (P = 0.004)

Total (95% CI)

Test for overall effect: Z = 9.52 (P < 0.00001)

Test for subgroup differences: Chi* = 1.44, df = 2 (P = 0.49), I = 0%

13.4%  0.32 [0.24, 0.44] -
13.4%  0.58 (0.43, 0.79) —
26.7%  0.43 [0.24,0.77) >

Heterogeneity: Tau® = 0.15; Chi* = 6.95, df = 1 (P = 0.008); I’ = 86%

100.0% 0.38 [0.31, 0.46] &
Heterogeneity: Tau® = 0.05; Chi* = 28.75, df = 7 (P = 0.0002); I = 76%

0.01 0.1 10 100
Favours experimental Favours control

FIGURE1 (A) Meta-analysis of progression-free survival, comparing epidermal growth factor receptor inhibitors with chemotherapy in molecularly
selected patients. (B) Meta-analysis of progression-free survival, comparing epidermal growth factor receptor inhibitors with chemotherapy in mo-
lecularly selected patients, including those in the IPASS and First-SIGNAL trials. SE = standard error; IV = inverse variance; Cl = confidence interval.

EGFR Inhibitor Alone or in Combination with a Targeted
Agent: Seventeen studies examined an EGFR inhibitor
alone or in combination with a targeted agent. This group
of trials is heterogeneous. Many are small randomized
phase 11 trials (Table v). Twelve studies evaluated an EGER
inhibitor alone compared with an EGFR inhibitor plus
another targeted agent’h73-757879,81-86 an( five additional

studies examined various combinations of EGFR inhibitors
and targeted agents’7276:77,80,

No clear trend in response rate was evident. Some
results favoured the EGFR inhibitor alone’>”9, some fa-
voured the combination arm?%7882-86 and some found no
difference between groups’®?’. Progression-free survival
followed the same trend as response rate. Anumber of trials

€196

Current Oncology, Vol. 22, No. 3, June 2015 © 2015 Multimed Inc.



USE OF EGFRIs IN THE TREATMENT OF NSCLC: A SYSTEMATIC REVIEW, Ellis et al.

(A) Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
2.1.1 afatinib
Wu YL 2013 LUX-Lung 9 -0.0513 0.1711 23.2%  0.95[0.68, 1.33]
Subtotal (95% CI) 23.2% 0.95 [0.68, 1.33]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.30 (P = 0.76)
2.1.2 gefitinib
Inoue 2011 NEJOO2 -0.1199 0.1713 23.2% 0.89 [0.63, 1.24] -
Mitsudomi T 2012 WJTOG3405 0.1697 0.2217 13.8% 1.18 [0.77, 1.83] -
Subtotal (95% CI) 37.0% 0.99 [0.75, 1.31] <
Heterogeneity: Tau® = 0.00; Chi* = 1.07, df = 1 (P = 0.30); I = 6%
Test for overall effect: Z = 0.07 (P = 0.95)
2.1.3 erlotinib
Rosell R 2012 EURTAC 0.0392 0.2422 11.6% 1.04 [0.65, 1.67] ==
Zhou C 2012 OPTIMAL 0.063 0.1552 28.2% 1.07 (0.79, 1.44]
Subtotal (95% CI) 39.8% 1.06 [0.82, 1.37]
Heterogeneity: Tau®* = 0.00; Chi* = 0.01, df = 1 (P = 0.93); I’ = 0%
Test for overall effect: Z = 0.43 (P = 0.67)
Total (95% CI) 100.0% 1.01 [0.86, 1.18]
Heterogeneity: Tau® = 0.00; Chi* = 1.35, df = 4 (P = 0.85); I = 0% !0 o1 021 1 1:0 100=
Test for overall effect: Z = 0.07 (F = 0.94) ) Favours experimental Favours control
Test for subgroup differences: Chi* = 0.27,df = 2 (P = 0.87), I’ = 0%

(B) 0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
2.2.1 afatinib
Wu YL 2013 LUX-Lung 9 -0.0513 0.1711 19.6% 0.95 [0.68, 1.33) ——
Subtotal (95% CI) 19.6% 0.95 [0.68, 1.33] <>
Heterogeneity: Not applicable
Test for overall effect: Z = 0.30 (P = 0.76)
2.2.2 gefitinib
Han )Y 2012 First-SIGNAL 0.0421 0.3769 4.0% 1.04 (0.50, 2.18) —_—t
Inoue 2011 NEJOO2 -0.1199 0.1713 19.6% 0.89 [0.63, 1.24) ——
Mitsudomi T 2012 WJTOG3405 0.1697 0.2217 11.7% 1.18(0.77, 1.83) —1—
Mok TS 2009 IPASS -0.2485 0.2233 11.5% 0.78 (0.50, 1.21) —
Subtotal (95% CI) 46.8% 0.94 [0.75, 1.16) <z
Heterogeneity: Chi* = 1.98, df = 3 (P = 0.58); I’ = 0%
Test for overall effect: Z= 0.59 (P = 0.56)
2.2.3 erlotinib
Rosell R 2012 EURTAC 0.0392 0.2422 9.8% 1.04 [0.65, 1.67] —_—
Zhou C 2012 OPTIMAL 0.063 0.1552 23.8% 1.07(0.79, 1.44) -
Subtotal (95% CI) 33.6% 1.06 [0.82, 1.37] <>
Heterogeneity: Chi* = 0.01, df = 1 (P = 0.93); ¥ = 0%
Test for overall effect: Z = 0.43 (P = 0.67)
Total (95% CI) 100.0% 0.98 [0.84, 1.14)
Heterogeneity: Chi* = 2.53, df = 6 (P = 0.87); I’ = 0% 6 1 012 0=5 T il §' 16
Test for overall effec.t: Z=10.29 (I:: 0.77) . Favours experimental Favours control
Test for subgroup differences: Chi* = 0.54, df = 2 (P = 0.76), I’ = 0%

FIGURE 2 (A) Meta-analysis of overall survival, comparing epidermal growth factor receptor inhibitors with chemotherapy in molecularly selected

patients. (B) Meta-analysis of overall survival, comparing epidermal growth factor receptor inhibitors with chemotherapy in molecularly selected
patients, including those in the IPASS and First-SIGNAL trials. SE = standard error; IV = inverse variance; Cl = confidence interval.

demonstrated improved prs for the combination of an EGFR
inhibitor and a targeted agent. However, none of the trials
demonstrated any statistically significant improvements
in 0s™. Despite the heterogeneous nature of the trials, it
is reasonable to conclude that no available evidence cur-
rently supports the combination of erlotinib with another
targeted agent.

Symptom control and quality of life were reported in
two studies. The study by Scagliotti et al.8? also found no
statistical difference in the mean health indexscore on the
EQ-5D (EuroQoL, Rotterdam, Netherlands) between treat-
ment groups (p=0.3373). The study by Natale et al.” found
that scores on the European Organisation for Research
and Treatment of Cancer’s 30-question Quality of Life

Current Oncology, Vol. 22, No. 3, June 2015 © 2015 Multimed Inc.
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TABLE IV Continued

Median survival

Response rate

Treatment

Patients (n)

Reference
(study details)

(CR+PR)

Overall

Progression-free

Enrolled Analyzed

Second-line EGFR inhibitor compared with EGFR inhibitor plus chemotherapy in unselected patients

18.3 Months
64.8% (1-year)

5.3 Months

35%

Gefitinib 250 mg daily

58

Chen et al., 2011°%®

(phase I1)

18% (1-year)

27.7% (2-year)
23.6 Months

8.3 Months
36.7% (1-year)

37%

Oral tegafur—uracil 1 capsule daily plus

57

68.1% (1-year)
47 1% (2-year)

0.847)

(p=

gefitinib 250 mg daily

HR: 0.65;
95% Cl: 0.43 to 0.97

5.5 Months

4.9 Months

Not reported

Erlotinib 150 mg daily

115

Aerts et al., 2013%7

7.8 Months

6.1 Months

Erlotinib 150 mg daily on days 2-16

116

(NVALT-10, phase II)

HR: 0.67;
95% Cl: 0.49 to 0.91

HR: 0.76;
95% Cl: 0.58 to 1.02

every 21 days, plus

docetaxel 75 mg/m? for squamous disease or

0.01)

p

0.06)

P

pemetrexed 500 mg/m? for nonsquamous disease

= odds ratio; TTP = time to progression.

hazard ratio; Cl = confidence interval; OR

partial response; HR =

CR = complete response; PR

Questionnaire was similar between the groups: erlotinib
80% and vandetanib 82%. Adverse effects were in line
with those commonly associated with EGFR inhibitors
and chemotherapy.

EGFR Inhibitor Plus Chemotherapy Compared with Chemo-
therapy Alone: One study of 165 patients examined the
use of an EGFR inhibitor plus chemotherapy compared with
chemotherapy alone (Table vi). That study demonstrated
a greater response rate and longer prs for chemotherapy
plus an EGFR inhibitor. The result for prs was significant
(HR:0.63;95% c1: 0.44 t0 0.90; p=0.005). In addition, os was
prolonged in the combination arm, and thatresult was sig-
nificant (4r: 0.68; 95% c1: 0.47 t0 0.98; p=0.019)%". Given the
small size of the trial, the evidence is insufficient to recom-
mend the combination of an EGFR TKI plus chemotherapy.

EGFR Inhibitor Compared with Placebo: Three fully
published studies compared an EGFR inhibitor with
placebo”8889 The trial by Shepherd et al. (Ncic BR.21,
examining erlotinib versus placebo) and the 1seL trial of
gefitinib compared with placebo both showed response
rates significantly better with the EGer inhibitor than with
placebo”88. Significant improvements in Prs were also ob-
served in both trials, as well as in the third trial of gefitinib
versus placebo®. However, only the Br.21 trial of erlotinib
demonstrated a significantimprovementin os. Erlotinib is
recommended as second- or third-line therapy in patients
who are not candidates for further chemotherapy.

Correlative studies from Br.21, reported by Tsao et al.*°,
evaluated the association between os and EGFR mutation
status, EGFR protein expression, and EGFR gene copy num-
ber. Survival was longer in the erlotinib group than in the
placebo group when EGER protein was overexpressed (HR:
0.68; 95% cr1: 0.49 to 0.95; p=0.02).

Symptom control and quality of life were addressed
in two studies”®. Time to deterioration of symptoms of
cough (p = 0.04), dyspnea (p = 0.03), and pain (p = 0.04)
was prolonged and significant with erlotinib in the study
by Shepherd et al.”. Symptom improvement was significant
with gefitinib in the study by Thatcher et al.?8 (p = 0.019).
Adverse effects were also in line with those associated with
use of EGFR inhibitor.

EGFR Inhibitor Compared with EGFR Inhibitor: Five stud-
ies compared EGFR inhibitors or dosing of the same EGFR
inhibitor. The iDEAL 1 and 2 trials compared two dose levels
of gefitinib and found no difference in any of the reported
outcomes (Table vi). Similarly, the icoGeN trial comparing
gefitinib with icotinib and a second trial comparing gefi-
tinib with erlotinib reported no difference in outcomes.
A randomized phase 11 trial comparing dacomitinib with
erlotinib demonstrated a significant improvement in
response rate and prs favouring dacomitinib and a trend
toward improvement in 0s%4. However, those findings re-
quire confirmation in a phase 11 trial.

Quality of life was addressed in the two IDEAL studies.
No differencesin symptom response were evident for the dif-
ferent doses of gefitinib?!92. Adverse effects were consistent

Current Oncology, Vol. 22, No. 3, June 2015 © 2015 Multimed Inc.



USE OF EGFRIs IN THE TREATMENT OF NSCLC: A SYSTEMATIC REVIEW, Ellis et al.

(A) Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
3.1.2 gefitinib
Kim ES 2008 INTEREST 0.0392 0.0607 22.6% 1.04 [0.92, 1.17]
Lee DH 2010 ISTANA -0.3161 0.16 10.1% 0.73 [0.53, 1.00])
Maruyama R 2008 V15-32 -0.1054 0.126 13.4% 0.90 [0.70, 1.15]
Subtotal (95% CI) 46.1% 0.92 [0.75, 1.12]
Heterogeneity: Tau® = 0.02; Chi* = 4.83, df = 2 (P = 0.09); I’ = 59%
Test for overall effect: Z = 0.86 (P = 0.39)
3.1.3 erlotinib
Ciuleanu T 2012 TITAN 0.174 0.1043 16.1% 1.19 [0.97, 1.46) e
Karampeazis A 2013 -0.161 0.108 15.6% 0.85 [0.69, 1.05] —=
Kelly K 2012 -0.0943 0.1887 8.1% 0.91 [0.63, 1.32) —r
Okano Y 2013 DELTA 0.1989 0.1196 14.1% 1.22 [0.97, 1.54]) =
Subtotal (95% CI) 53.9% 1.04 [0.86, 1.26] <
Heterogeneity: Tau® = 0.02; Chi* = 7.36, df = 3 (P = 0.06); I’ = 59%
Test for overall effect: Z = 0.42 (P = 0.67)
Total (95% CI) 100.0% 0.99 [0.87, 1.12]
Heterogeneity: Tau® = 0.01; Chi* = 13.00, df = 6 (P = 0.04); I = 54% t t t } } 1
0.1 02 05 1 2 5 10
Test for overall effeq: Z=0.22 "? =0.83) Favours experimental Favours control
Test for subgroup differences: Chi’ = 0.83, df = 1 (P = 0.36), I’ = 0%
(B) Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
3.2.2 gefitinib _L
Kim ES 2008 INTEREST 0.0198 0.0611 32.5% 1.02 [0.90, 1.15]
Lee DH 2010 ISTANA -0.1393 0.1789 3.8% 0.87 [0.61, 1.24) —
Maruyama R 2008 V15-32 0.1133 0.0611 32.5% 1.12 [0.99, 1.26) i
Subtotal (95% CI) 68.9% 1.05 [0.96, 1.16] &
Heterogeneity: Tau® = 0.00; Chi* = 2.42,df = 2 (P = 0.30); I’ = 17%
Test for overall effect: Z= 1.07 (P = 0.28)
3.2.3 erlotinib
Ciuleanu T 2012 TITAN -0.0408 0.1078 10.5% 0.96 (0.78, 1.19] —
Karampeazis A 2013 -0.0019 0.108 10.4% 1.00 [0.81, 1.23) ——
Kelly K 2012 -0.1744 0.1595 4.8% 0.84 [0.61, 1.15) —_—
Okano Y 2013 DELTA -0.0943 0.1491 5.5% 0.91 [0.68, 1.22] e
Subtotal (95% CI) 31.1% 0.94 [0.84, 1.07] <
Heterogeneity: Tau? = 0.00; Chi* = 0.89, df = 3 (P = 0.83); ¥ = 0%
Test for overall effect: Z = 0.92 (P = 0.36)
Total (95% CI) 100.0% 1.02 [0.95, 1.09]
Heterogeneity: Tau® = 0.00; Chi* = 5.56, df = 6 (P = 0.47); I’ = 0% 0:5 0:7 1 1:5 i
Test for overall effec_t: Z=0.58 (F,'f 0.56) " Favours experimental Favours control
Test for subgroup differences: Chi* = 1.92, df = 1 (P = 0.17), I’ = 47.9%
FIGURE 3 (A) Meta-analysis of progression-free survival, comparing epidermal growth factor receptor inhibitors with chemotherapy in second-line

unselected patients. (B) Meta-analysis of overall survival, comparing epidermal growth factor receptor inhibitors with chemotherapy in second-line
unselected patients. SE = standard error; IV = inverse variance; Cl = confidence interval.

with those known for EGFR inhibitors. The adverse effects
were slightly elevated with gefitinib 500 mg daily.

Clinically Selected Populations: EGFER Inhibitor Compared
with Chemotherapy: Two trials compared pemetrexed
with an EGER inhibitor as second-line therapy in never-
smokers (Table vir). The overall response rate was signifi-
cantly higher for gefitinib (30.1% vs. 14.9%, p < 0.001)%.
Progression-free survival was significantly longer for pa-
tients randomized to gefitinib (9.4 months vs. 2.9 months,
p=0.010) and also for patients randomized to a combination
of erlotinib and pemetrexed (7.4 months vs. 3.8 months for
erlotinib and 4.4 months for pemetrexed alone; HR: 0.57;

95% cr: 0.40 to 0.81; p = 0.002)%7. However, the survival rates
were nonsignificantly different (p = 0.89)96:97.

One study examined the use of gefitinib in patients
with nonsquamous disease in the second-line setting (Ta-
ble vir)%8. No difference in the response rate was observed;
however, Prs was significantly better with pemetrexed (4.8
months vs. 1.6 months with gefitinib; Hr: 0.51; 95% c1: 0.36
to 0.73; p < 0.001)%8. Overall survival was not yet reached
for this trial.

Third- or Fourth-Line EGFR Inhibitor Compared with Pla-
cebo: TheLux-Lung 1 trial evaluated afatinib in patients
who had received 1 or 2 prior chemotherapy treatments
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TABLE VII  Second-line epidermal growth factor receptor (EGFR) inhibitor trials in clinically selected populations

Reference Patients (n) Treatment Response rate Survival
(study details) (CR+PR)
Enrolled Analyzed Median prs Other
Second-line EGFR inhibitor compared with chemotherapy in clinically selected patients
Ahn et al., 20119 135 Gefitinib 250 mg daily ORR: 30.1% 9.4 Months  73.6% (1-year)
(KCSG-LU08-01, phase 11, abstract) (not broken Pemetrexed 500 mg/m? ORR: 14.9% 2.9 Months 70.5% (1-year)
down) (p<0.001) (p=0.010) (p=0.89)
Lee et al., 201397 78 (A) Erlotinib 150 mg daily plus 7.4 Months 20.5 Months
(phase 11) pemetrexed 500 mg/m?
82 (B) Erlotinib 150 mg daily 3.8 Months 22.8 Months
80 (C) Pemetrexed 500 mg/m? 4.4 Months 17.7 Months
Avs. B+C: Avs. B+C:
HR: 0.57; HR: 1.08;
95% Cl: 0.40 to 0.8195% Cl: 0.69 to 1.67
(p=0.002) (p=0.747)
Yang et al., 2013 81 Gefitinib 250 mg daily 14.7% 1.6 Months  Overall survival
(CTONG 0806, phase Il, abstract) 76 Pemetrexed 500 mg/m? 13.3% 4.8 Months not yet mature
(p=0.814) HR: 0.51;
95% Cl: 0.36 t0 0.73
(p<0.001)
Third- or fourth-line EGFR inhibitor compared with placebo in clinically selected patients
Miller et al., 20129 390 Afatinib 50 mg daily plus BSC 7% 3.3 Months 10.8 Months
(LUX-Lung1, phase I1B/IlI) 195 Placebo plus BSC 0.5% 1.1 Months 12.0 Months
HR: 0.38; HR: 1.08;
95% Cl: 0.31 95% Cl: 0.86
to 0.48 to 1.35
(p<0.0001) (p=0.74)

CR = complete response; PR = partial response; PFS = progression-free survival; ORR = overall response rate; HR = hazard ratio; Cl = confidence

interval; BSC = best supportive care.

and, in a selected population of patients, also gefitinib or
erlotinib (Table vir). The response rates were 7% for afatinib
and 0.5% for placebo. A significantimprovement in Prs was
evident for patients randomized to afatinib (3.3 months
vs. 1.1 months, p < 0.0001). However, no difference in the
primary outcome of os was observed (10.8 months vs. 12
months, p = 0.74). Adverse effects were consistent with
those associated with EGrr inhibitors®®. There is therefore
currently no evidence that further therapy with an EGFR TKI
in patients who have already received gefitinib or erlotinib
improves 0s.

Molecularly Selected Populations: EGFR Inhibitor Com-
pared with Chemotherapy: One study compared the use
of an EGFR inhibitor with the use of chemotherapy in pa-
tients known to be EGFRwild-type!??. The trial specifically
excluded crossover to the other treatment at the time of
progression. Compared with erlotinib, docetaxel was as-
sociated with an improved prs (HR: 0.71; 95% c1: 0.53 t0 0.95;
p =0.02). The primary outcome in the trial was os, which
was also significant for docetaxel at 8.2 months compared
with 5.4 months for erlotinib (HR: 0.73; 95% c1: 0.53 to 1.00;
p = 0.05; Table viir) 100,

EGFR Inhibitor Plus Another Agent Compared with an EGFR
Inhibitor: Two studies examined the use of an EGFR in-
hibitor plus another agent compared with erlotinib alone
in molecularly selected patients!?»192 (Table viir). Time to
progression was significantly longer with erlotinib and
apricoxib (p = 0.018) in the Gitlitz et al. trial'®!, but no dif-
ferent in the Belani ez al. trial'®2. However, os favoured the
erlotinib and placebo group (#R: 0.4; p =0.025) in the Gitlitz
et al. trial'%!, Again, no difference was seen between the
groups in the Belani er al. trial'®2. Adverse effects were in
line with those associated with EGEr inhibitors.

EGFR Inhibitor Compared with EGFR Inhibitor: One
study compared EGFR inhibitors in molecularly selected
patients!'%? (Table viir). Response rate and prs were higher
in the gefitinib group than in the erlotinib group. Signifi-
cance was not reached for prs (p = 0.336). Adverse effects
were in line with those associated with EGFR inhibitors!3.

Maintenance

Unselected Populations: EGFR Inhibitors: In recent
years, attempts to improve the survival of patients with
advanced NscLc have led to considerable interest in
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TABLE VIII  Second-line epidermal growth factor receptor (EGFR) inhibitor trials in molecularly selected populations

Reference Patients (n) Treatment Response Median survival
(study details) — (CR+PR) rate
Enrolled Analyzed Progression-free Overall
Second-line EGFR inhibitor compared with chemotherapy in molecularly selected patients
Garassino et al., 2013100 112 Erlotinib 150 mg daily Not reported 2.4 Months 5.4 Months
(TAILOR, phase IlI) 110 Docetaxel 75 mg/m? 2.9 Months 8.2 Months
HR: 0.71; HR: 0.73;
95% Cl: 0.53 to 0.95 95% Cl: 0.53 to 1.00
(p=0.02) (p=0.05)
Second-line EGFR inhibitor plus another agent compared with EGFR inhibitor in molecularly selected patients
Gitlitz et al., 201111 120 Erlotinib 150 mg daily plus ~ Not reported ~ TTP: 2.1 months 5.6 Months
(APRICOT-L, phase Il, abstract) apricoxib 400 mg daily
176 Placebo plus erlotinib 150 mg daily TTP: 1.8 months 5.9 Months
HR: 0.5 HR: 0.4
(p=0.018) (p=0.025)
Belani et al., 2013102 18 PF-3512676 (0.20 mg/kg) plus  Not reported 1.6 Months 6.4 Months
(phase 11) erlotinib 150 mg daily
21 Erlotinib 150 mg daily 1.7 Months 4.7 Months
HR: 1.00; HR: 1.3;
95% Cl: 0.5t02.0 95% Cl: 0.6t0 2.8
(p=0.9335) (p=0.4925)
Second-line EGFR inhibitor compared with EGFR inhibitor in molecularly selected patients
Kim et al., 201210 48 Gefitinib 250 mg daily 47.9% 4.9 Months Not reached
(phase 1) 48 Erlotinib 150 mg daily 39.6% 3.1 Months
(p=0.336)

CR = complete response; PR = partial response; HR = hazard ratio; Cl = confidence interval; TTP = time to progression.

evaluating maintenance therapies. Trials have evaluated
continuingadrug (“continuation maintenance”) or switch-
ing to another drug (“switch maintenance”). Five studies
have examined EGFR inhibitors in unselected patients in
the switch-maintenance setting, but none of those trials
mandated the use of an EGFR TkI in the placebo arm at the
time of disease progression.

One study compared an EGrR inhibitor with chemo-
therapy in the maintenance setting (Table 1x). Bylicki et
al.'%7 randomized patients to maintenance therapy with
erlotinib, gemcitabine, or observation. In the observa-
tion group, patients received no treatment. No clear
improvement in PFs was observed for either erlotinib or
gemcitabine. No significant difference in os was observed,
but a trend toward improved survival was evident in both
the erlotinib group (HR: 0.80; 95% cr1: 0.61 to 1.05; p=0.13)
and the gemcitabine group (uRr: 0.81; 95% cr: 0.61 to 1.07;
p =0.109) compared with the observation group. No out-
standing adverse effects occurred in the erlotinib group'?”.

Four trials evaluated an EGFR TKI as maintenance ther-
apy. A clear improvement in prs was observed, but only one
trial showed a significantimprovementin os. One Japanese
trial compared 6 cycles of a platinum doublet with 3 cycles
of a platinum doublet followed by gefitinib until progres-
sion. Asignificantimprovement in PFs was observed, but no

significant improvement in 0s'%. A second trial compared
bevacizumab plus erlotinib with bevacizumab alone in
patients treated with 4 cycles of carboplatin, paclitaxel, and
bevacizumab. A significantimprovementin prs (4.8 months
vs. 3.7 months, p < 0.001) was observed!%8, Two additional
studies evaluated an EGFR TKI as maintenance therapy, com-
paring it with a placebo control, after 4 cycles of a platinum
doublet. Both studies showed significant improvements in
PES. The saTURN trial, which evaluated maintenance erlo-
tinib, showed a significantimprovementin os, although the
difference in median survival was only 1 month!%4, In a pre-
planned subgroup analysis of the saATURN trial, patients with
stable disease after first-line chemotherapy experienced a
greater os benefit with maintenance erlotinib (median sur-
vival: 11.9 months for erlotinib vs. 9.6 months for placebo;
HR: 0.72; 95% cr1: 0.59 to 0.89; p = 0.0019) than did patients
who experienced a previous complete or partial response
(12.5 months for erlotinib vs. 12.0 months for placebo; HR:
0.94;95% cr: 0.74 to 1.20; p=0.618)1%4. Zhang er al.'%¢ showed
asimilar effect on os with maintenance gefitinib, although
the difference was not statistically significant (HRr: 0.84;95%
cr: 0.62 to 1.14).

Quality of life and adverse effects were assessed in
two studies. The saTuRN study showed no statistically sig-
nificant difference in quality of life (racT-L questionnaire)
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TABLE IX Epidermal growth factor receptor (EGFR) inhibitors compared with chemotherapy in the maintenance setting

Reference Patients (n) Treatment Response rate Median survival

(study details) — (CR+PR)
Enrolled Analyzed Progression-free Overall

ECFR inhibitors in unselected patients in the maintenance setting

Cappuzzo et al., 201004 438 437 Erlotinib 150 mg day 11.9% 12.3 Weeks 12 Months
(SATURN, phase III) 25% (6-month)
95% Cl: 21% to 29%
451 447 Placebo 5.4% 11.1 Weeks 11 Months
(p=0.0006) 15% (6-month) HR: 0.81;
95% Cl: 12% to 19% 95% ClI: 0.70 to 0.95
HR: 0.71; (p=0.0088)
95% Cl: 0.62 to 0.82
(p<0.0001)
Takeda et al., 2010'% 302 298 Chemotherapy? plus 34.2% 4.6 Months 13.7 Months
(WJTOG 0203, phase Il1) gefitinib 250 mg daily
301 297 Chemotherapy? 29.3% 4.3 Months 12.9 Months
(p=0.20) HR: 0.68;
95% Cl: 0.57 to 0.80
(p<0.001)
Zhang et al., 20121% 148 Gefitinib 250 mg daily 24% 4.8 Months 18.7 Months
(phase 11I) 148 Placebo 1% 2.6 Months 16.9 Months
OR: 54.10 HR: 0.42; HR: 0.84;
95% Cl: 7.17t0 408 95% Cl: 0.33 to 0.55 95% Cl: 0.62 to 1.14
(p=0.0001) (p<0.0001) (p=0.26)
Bylicki et al., 2013107 155 (A) Erlotinib 150 mg daily 14% Avs. C: 9.1 Months
(IFCT-GFPC 05-02, phasell) 154 (B) Gemcitabine 1250 mg/m? 6% 4.2 vs. 3.9 months; 8.3 Months
155 (C) Observation 14% HR: 0.83; 7.5 Months
95% Cl: 0.64 to 1.09 Avs. C:
B vs. C: HR: 0.80;
4.2 vs. 3.9 months;  95% Cl: 0.61 to 1.05
HR: 0.81; (p=0.13)
95% Cl: 0.62 to 1.06 B vs. C:
HR: 0.81;
95% ClI: 0.61 to 1.07
(p=0.109)
Johnson et al., 2013108 370 Erlotinib 150 mg daily plus Not reported 4.8 Months 14.4 Months
(ATLAS, phase I1) bevacizumab 15 mg/kg
373 Bevacizumab 15 mg/kg 3.7 Months 13.3 Months
HR: 0.708; HR: 0.917;
95% Cl: 0.580 to 0.864 95% Cl: 0.698 to 1.205
(p<0.001) (p=0.5341)
ECFR inhibitor in clinically selected patients in the maintenance setting
Ahn et al., 2012109 25 Gefitinib 250 mg daily 46.2% HR: 0.191; 80.6% (6-month)
(phase I1) 95% Cl: 0.074 t0 0.0497 74.8% (12-month)
59.5% (24-month)
24 Pemetrexed 500 mg/m? with 35.5% 93.3% (6-month)
optional cisplatin 75 mg/m? OR: 1.56; 93.3% (12-month)
95% Cl:0.59t04.10 77 4% (24-month)
(p=0.369) HR: 2.151;

95% Cl: 0.826 to 5.599

2 Carboplatin AUC 6 plus (paclitaxel 200 mg/m? or cisplatin 80 mg/m?) plus (irinotecan 60 mg/m? or cisplatin 80 mg/m?) plus (vinorelbine 25 mg/m?
or cisplatin 80 mg/m?) plus (gemcitabine 1000 mg/m? or cisplatin 80 mg/m?) plus docetaxel 60 mg/m?.
CR = complete response; PR = partial response; AUC = area under the curve; HR = hazard ratio; Cl = confidence interval; OR = odds ratio.
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between patients receiving erlotinib and those receiving
placebo (HR for time to deterioration in quality of life: 0.96;
95% cr1: 0.79 to 1.16). A post hoc analysis showed that time
to pain (HR: 0.61; 95% c1: 0.42 to 0.88; p=0.008) and time to
analgesic use (HR: 0.66; 95% c1: 0.46 to 0.94; p = 0.02) were
both significantly improved with erlotinib!%4. The Zhang et
al %6 study showed that, based on the FacT-L questionnaire,
median time to worsening of lung cancer symptoms was
4.3 months with gefitinib and 2.3 months with placebo.

Adverse effects were consistent with what would
be expected for gefitinib and erlotinib (increase in rash
and diarrhea).

Clinically Selected Populations: EGFR Inhibitors: One
fully published study'’® examined the use of an EGFR in-
hibitor in clinically selected patients in the maintenance
setting. Table 1x presents the study characteristics.

The trial randomized 49 patients to gefitinib or peme-
trexed, making it underpowered to provide meaningful
data on efficacy. Median prs was associated with a HR of
0.191 (95% c1: 0.074 to 0.0497), and os was prolonged in the
pemetrexed and optional-cisplatin group (HRr: 2.151; 95%
cl: 0.826 to 5.599). Adverse effects were consistent with
those associated with EGFr inhibitors and chemotherapy.

DISCUSSION AND CONCLUSIONS

Analysis of early trials evaluating EGFR TK1s suggested that
clinical characteristics such as Asian ethnicity, female sex,
non-smoking status, and adenocarcinoma were associated
with ahigherlikelihood of response. Those characteristics
were subsequently used in clinical trials to enrich the
population of patients who might benefit from those drugs.
However, itis now clear that the population of patients who
derive the greatest benefit from EGFR TKIs are patients with
tumours harbouring activating mutations of the EGFR
gene. Nevertheless, the available data still support a more
modest benefit from EGFR TKk1s in unselected populations
of NscLc patients. The present systematic review provides
guidance for the use of EGFR TK1 therapy in advanced NscLC
and, in particular, whether there are subpopulations of
NscLc patients in whom the sequence of therapy should
be different.

In the first-line setting, data about the efficacy of EGFrR
TKIs compared with the efficacy of platinum-based chemo-
therapy are inconsistent. The largest trial in that setting,
ToRrCH!3, showed a statistically significantly inferior os for
patients receiving first-line EGFR TKI therapy, and those
agents are therefore not recommended in the first-line set-
ting for an unselected population of NscLc patients. Studies
selecting patients based on clinical characteristics such
as Asian ethnicity, smoking status, and adenocarcinoma
histology have also had mixed results. Although selection
strategies are designed to increase the proportion of patients
with an EGFR mutation, data from the rpass trial show that,
when clinical characteristics are used to select patients, only
60% typically have EGFR mutations®®. Significantly worse
response rates and Prs are observed for patients with wild-
type EGFRwho are treated with first-line gefitinib. The use

of clinical characteristics such as ethnicity, sex, smoking
status, and histology cannot therefore be recommended in
selecting patients for first-line therapy with an EGER Tk1. No
available data supportcombining an EGrr Tk with platinum-
based chemotherapy. However, high-quality evidence from
multiple randomized clinical trials shows that an EGFR TK1
is the preferred initial therapy (in preference to a platinum
doublet) for patients with an activating mutation of the EGFR
gene. Such treatment is associated with a higher likelihood
ofresponse, longer prs, and improved quality oflife, but with
no clear difference in os. Many patients randomized in the
trials to platinum-doublet chemotherapy crossed over to
an EGFR TKI as subsequent therapy. The likely effect of that
crossover was to dilute any survival difference between the
groups, making comparisons of os less informative.

Cohort data from the Spanish Lung Cancer Group?®
report on EGFR TKIS given as either first- or second-line
therapy in patients with EGFR mutations. The benefit ap-
pearsto be similarin both groups, so that even though the
comparison was nonrandomized, the consensus is that
crossover explains the difference. Although the trials show
statistical heterogeneity, no available data suggest that one
EGFR TKI is superior to another in this setting. Some trials
included only patients with exon 19 deletion and exon 21
L858R point mutation; other trials such as Lux-Lung 3 in-
cluded otherless common mutations. Those considerations
might be a factor in making a choice of agent. However,
the decision to use gefitinib, erlotinib, or afatinib is largely
influenced by concerns about their toxicity or cost.

Data from the Ncic Br.21 trial of erlotinib compared
with placebo demonstrate a modest improvement in sur-
vival and quality of life with erlotinib in patients who are
no longer candidates for further chemotherapy’. Based
on those data, erlotinib was recommended as a last line of
therapyin the previous version of this guideline. However,
multiple trials of second-line therapy comparing an EGFrR
TKI with chemotherapy have now been reported. A meta-
analysis of the data demonstrates similar prs and os. Level 1
evidence therefore now shows that there is no preferred se-
quence for second-line EGFR TKI or second-line chemothera-
py- The findings of translational research from the INTEREST
study suggests that molecular analyses could not identify
a subgroup of patients with improved os on an EGFR TKI or
second-line chemotherapy®®. It is therefore reasonable to
consider an EGFRTKI as either second- or third-line therapy
in the treatment of patients with advanced NscrLc. Data
from the TarLor!?0 trial, performed only in patients with
wild-type EGFR, demonstrated improved prs and os when
patients received docetaxel chemotherapy (compared with
erlotinib). That trial did not allow crossover between the
treatment arms, thus denying patients a previously estab-
lished therapy. Those data therefore do not alter treatment
recommendations at this time. The data concerning the
combination of an EGFR TKI with either chemotherapy or
another targeted agent are inconsistent. Some promising
data have emerged from randomized phase 11 trials, but
theyrequire confirmation in phase 111 trials. Combination
therapy with an EGFrRTK1in the second- or third-line setting
is therefore not recommended at this time.
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Currentdatadonotsupport the routine use ofan EGFR TK1
after disease progression on therapy with another EGFR TKI.
Although data from the Lux-Lung 1 trial demonstrated a sig-
nificantimprovement in Prs in a select subgroup of patients,
that trial did not meet its primary objective of improved 0s®.
Given the absence ofimproved survival, therapywith afatinib
after progression on another EGFR TKI is not recommended.

The EGFR TKIs have also been evaluated as switch-
maintenance therapy. The saATURN trial demonstrated
improved os in patients receiving maintenance erlotinib'04,
Interestingly, that benefit was observed whether the pa-
tients were EGFR mutation—positive or EGFR wild-type.
No molecular marker could identify patients in whom a
survival benefit was not observed. The magnitude of the
benefit was modest, and other available maintenance ther-
apy strategies should be considered. Nevertheless, there are
data to support maintenance therapy with erlotinib after
4 cycles of platinum-based chemotherapy.

Lastly, it is evident from this review that determina-
tion of EGFR mutation status is essential to make ap-
propriate treatment decisions. Patients who are EGFR
mutation-positive should be treated with an EGFR TKI as
first-line therapy. An EGFR TKI is still appropriate therapy
in patients who are EGFR wild-type, but it should be ad-
ministered as second- or third-line therapy.
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