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ARTICLE INFO ABSTRACT

Keywords: Lung cancer still represents one of the most common and fatal neoplasm, accounting for nearly 30% of all
NSCLC cancer-related deaths. Targeted therapies based on molecular tumor features and programmed death-1 (PD-1)/
EGFR programmed death ligand-1 (PDL-1) blockade immunotherapy have offered new therapeutic options for patients

Chemotherapy with advanced non-small-cell lung cancer (NSCLG). Activation of the epidermal growth factor receptor (EGFR)-
Monoclonal antibodies h h . includi . P . . inhibiti f
Biomarker pathway promotes tumor growth and progression, including angiogenesis, invasion, metastasis and inhibition o

HC apoptosis, providing a strong rationale for targeting this pathway. EGFR expression is detected in up to 85% of

FISH NSCLC and has been demonstrated to be associated with poor prognosis. Two approaches for blocking EGFR
signaling are available: prevention of ligand binding to the extracellular domain with monoclonal antibodies
(mAbs) and inhibition of the intracellular tyrosine kinase activity with small molecules. There is a strong ra-
tionale to consider the tumor’s level of EGFR expression as one of the most significant predictive biomarkers in
this setting. In this paper we provide an update focusing on the current status of EGFR-directed mAbs use for the
treatment of patients with advanced NSCLC, through a review of all clinical trials involving anti-EGFR mAbs in
combination with chemotherapy (CT) for advanced disease and with chemo-radiotherapy for stage III disease.
Here we also discuss the current status of predictive biomarkers for anti-EGFR mAbs when added to first-line CT
in patients with advanced NSCLC. Finally, we focused on the relevance of EGFR fluorescence in situ hy-
bridization (FISH) + and immunohistochemistry (IHC)-Score = 200 as predictive biomarkers for the selection of
patients who would be most likely to derive a clinical benefit from treatment with CT in combination with anti-
EGFR mAbs, with particular reference also to histology.

Introduction promising therapeutic strategy for NSCLC. To evade the host immune

surveillance, tumor cells can inactivate T-cell function by expressing

Although significant improvements have been observed in the last
decades regarding new treatment options, lung cancer continues to
represent one of the most common and fatal neoplasms, accounting for
nearly 30% of all cancer-related deaths [1]. Approximately 80% of lung
cancers are histologically defined as non-small-cell lung cancer
(NSCLQ), including adenocarcinomas, squamous cell carcinomas (SCC)
and large cell carcinomas. NSCLC is diagnosed at a late stage in up to
70% of cases and has a 5-year survival rate of around 15% in patients
without targetable mutations [2]. The efficacy of chemotherapy (CT)
has reached a therapeutic plateau with a median overall survival (OS)
around 8-11 months. Immunotherapy has recently emerged as a
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ligands that act on immune checkpoints, including programmed cell
death 1 (PD-1) [3]. Thus immunotherapy targeting PD-1 or its ligand
(PD-L1) has emerged as a new therapeutic strategy for NSCLC, with
recent applications also in the first-line setting, whether alone or in
combination with chemotherapy (CT) [4-6]. Targeted therapies based
on molecular tumor features have offered new treatment options for
patients with advanced NSCLC [7]. Furthermore, growth factor re-
ceptor system and angiogenesis have been studied as potential ther-
apeutic targets, either as single agent or in combination with CT.
Epidermal growth factor receptor (EGFR) is a member of the ErbB
family of trans-membrane tyrosine kinase receptors. Epidermal growth
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factor (EGF) and transforming growth factor-alpha (TGF-a) are ligands
that bind to the extracellular domain of EGFR, inducing a conforma-
tional change and dimerization of the receptor and leading to the ac-
tivation of the intracellular tyrosine kinase [8]. Once activated, EGFR
transduces its numerous cellular responses through three primary sig-
naling cascades: the mitogen-activated protein kinase (MAPK)-
pathway, the phosphoinositide 3-kinase/protein kinase B (PI3K/AKT)-
pathway and the Janus kinase/signal transducer and activator of
transcription (JAK/STAT)-pathway [9]. Activation of the EGFR-
pathway promotes tumor growth and progression, including angio-
genesis, invasion, metastasis, promotion of proliferation and inhibition
of apoptosis, providing a strong rationale for targeting this pathway.
EGFR-protein expression is detected in up to 85% of NSCLC and has
been demonstrated to be associated with poor prognosis [10]. There are
two approaches for inhibiting EGFR signaling: prevent ligand binding
to the extracellular domain with a monoclonal antibody (mAb) and
inhibit the intracellular tyrosine kinase activity with a small molecule.
Anti-EGFR mAbs bind to the EGFR on the surface of tumor cells and
competitively block the binding of the ligand EGF; antibody receptor
complexes are then internalized and degraded, leading to EGFR
downregulation on the surface of tumor cells and inhibition of EGFR
signaling. mAbs may also act via immunological mechanism such as
antibody-dependent cellular toxicity (ADCC) [11].

In this article we provide an update of the current status of EGFR-
directed mAbs and their use in treatment of patients with NSCLC,
through a review of all clinical trials involving anti-EGFR mAbs in
combination with CT for advanced disease and with chemo-radio-
therapy (CT/RT) for stage III disease. Here we also discuss the current
status of predictive biomarkers analysis for anti-EGFR mAbs when
added to first-line CT in patients with advanced NSCLC.

EGFR-directed monoclonal antibodies in association with
chemotherapy

Cetuximab

Cetuximab is a chimeric human-murine monoclonal IgG1 antibody
[12]. It inhibits EGFR signaling through binding to the external domain
of EGFR and may also act via ADCC and complement-dependent cyto-
toxicity [11]. Cetuximab’s administration consists of an intravenous
infusion with a loading dose of 400 mg/m?, followed by weekly doses of
250 mg/m?.

First-line treatment trials

Cetuximab combined with first-line CT has been studied in 20 phase
II trials and 3 phase III trials in patients with advanced NSCLC
(Table 1).

Two randomized phase II trials suggested improved efficacy of CT
plus cetuximab compared to CT alone; the BMS 100 trial [16] compared
cetuximab in combination with gemcitabine and cisplatin or carbo-
platin with CT alone for EGFR-unselected patients. Partial responses
(PR) were observed in 27.7% of patients in the cetuximab arm and
18.2% in the CT alone arm; median PFS was 5.09 months in the ce-
tuximab arm (95% CI, 4.17-5.98) vs 4.21 in the CT alone arm (95% CI,
3.81-5.49), median OS was 11.99 months (95% CI, 8.80-15.18) vs 9.26
(95% CI, 7.43-11.79) respectively.

The Lung Cancer Cetuximab Study (LUCAS) [26] compared cetux-
imab plus CT (cisplatin-vinorelbine) with CT alone in patients with
EGFR-expressing NSCLC. The response rate (RR) was 35% vs 28% for
cetuximab arm and CT alone arm respectively. The median PFS was
5.0 months in the cetuximab arm (95% CI, 4.5-5.8) vs 4.6 in the CT
alone arm (95% CI, 2.5-6.0), median OS was 8.3 months (95% CI,
6.1-9.9) vs 7.3 (95% CI, 5.6-9.5) respectively.

In the South West Oncology Group (SWOG) S0342 trial [28] EGFR-
unselected patients were randomized to receive carboplatin and pacli-
taxel with concurrent cetuximab or the same CT regimen followed by
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sequential cetuximab. The median PFS was 4.3 months in the con-
current cetuximab arm (95% CI, 3.7-4.7) vs 4.4 in the sequential ce-
tuximab arm (95% CI, 4.0-5.3). Median OS was 10.9 months (95% CI,
9.2-13.0) vs 10.7 (95% CI, 8.5-12.8) respectively and the RR was si-
milar in both arms, but sensory neuropathy was higher in the con-
current arm compared to the sequential arm (15% vs 5% respectively,
p = 0.036).

Based on the encouraging results of the phase II trials, 3 phase III
randomized trials were designed in order to confirm and validate the
efficacy of cetuximab in combination with CT as first-line treatment of
patients with advanced NSCLC.

The BMS 099 trial [27] compared cetuximab plus carboplatin and
taxane with CT alone for EGFR-unselected patients. The primary end-
point was PFS assessed by a blinded Independent Radiology Review
Committee (IRRC). When assessed by the investigators PFS was sig-
nificantly longer in the cetuximab arm (median 4.3 vs 3.78 months, HR:
0.77, p = 0.0015), but there wasn’t a difference between the two arms
when assessed by the IRRC (median 4.4 vs 4.2 months, HR: 0.90,
p = 0.24). The reasons for discrepancy between the IRRC and the in-
vestigators results are not clear. The overall agreement rate between
IRRC and investigators was 72.5% and 69.5% for the cetuximab arm
and CT arm alone respectively. For unknown reasons in the IRRC data
set the percentage of censored events was higher in the CT arm alone
than in the cetuximab arm (28.9% vs 29.0% respectively).

The FLEX trial [20] compared cetuximab added to first-line CT
(cisplatin-vinorelbine) with CT alone in patients with advanced EGFR-
protein positive NSCLC (in at least one positively stained tumor cells). A
total of 1.861 patients were screened, of them 1.688 (90.7%) with
tumor specimens suitable for assessment of EGFR expression and 1.442
(77.5%) with EGFR-expressing tumors. This trial met its primary end-
point (0OS), demonstrating superior survival for CT plus cetuximab
compared to the CT alone population (HR: 0.87 [95% CI 0.762-0.996;
p = 0.044], median 11.3 vs 10.1 months). While PFS was not sig-
nificantly different (HR: 0.94 [95% CI 0.825-1.077; p = 0.39], median
4.8 vs 4.8 months), the time-to-treatment failure favored the cetuximab
arm (HR: 0.86, 95% CI 0.76-0.97, p = 0.015).

The SWOG S0819 trial [51] was an open-label, phase III study,
designed to evaluate the effectiveness of cetuximab in addition to car-
boplatin-paclitaxel or carboplatin-paclitaxel-bevacizumab as first-line
treatment for EGFR-unselected patients affected by advanced NSCLC.
This study also assessed EGFR fluorescence in situ hybridization (FISH)
as a potentially predictive biomarker for cetuximab in this population
[53]. There was no difference in the survival distribution between the
arms in the entire study population (HR: 0.93 [95% CI 0.83-1.04;
p = 0.22], median 10.9 vs 9.2 months for cetuximab arm and control
arm respectively). PFS in the EGFR FISH-positive (FISH+) sub-popu-
lation was also not significantly different between the treatment arms
(HR: 0.92 [95% CI 0.75-1.12; p = 0.40], median 5.4 vs 4.8 months for
cetuximab arm and control arm respectively).

Maintenance treatment trials

A recent meta-analysis [54] evaluated efficacy of first-line therapies
with maintenance regimens for advanced NSCLC in EGFR-selected pa-
tients. In EGFR FISH+ patients with squamous cell carcinoma (SCC),
first-line CT plus cetuximab with cetuximab maintenance demonstrated
a combined clinically meaningful OS and PFS benefit, with OS HR 0.56
(95% CI, 0.35-0.89) and 99% probabilities of outperforming standard
chemotherapy with no maintenance. On the contrary, for EGFR FISH-
positive and unselected histology patients, first-line CT plus cetuximab
with cetuximab maintenance did not demonstrate a clinically mean-
ingful OS or PFS benefits.

Phase IIIb NEXT trial [40] explored the efficacy and safety of two
different cetuximab maintenance therapy schedules in EGFR-unselected
progression-free patients after 4-6 cycle of first-line CT plus cetuximab:
these schedules consisted of weekly administration at 250 mg/m? and
every 2weeks administration at 500 mg/m?. The 1-year survival rate
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was 62.8% (95% CI, 54.7-70.0) for every 2 weeks cetuximab and 64.4%
(95% CI, 56.2-71.4) for weekly cetuximab; OS was 12.6 months (95%
CI, 10.1-14.8) for every 2 weeks cetuximab and 12.6 months (95% CI,
9.3-16.0) for weekly cetuximab; PFS was 2.6 months (95% CI, 2.1-2.8)
for every 2weeks cetuximab and 2.8 months (95% CI, 2.6-4.0) for
weekly cetuximab. Safety profiles were similar, manageable and in line
with expectations. Authors concluded that both weekly and every
2weeks cetuximab maintenance therapy were associated with similar
survival outcomes and safety profiles.

Second-line and beyond treatment trials

Cetuximab in combination with CT has been studied also in the
setting of second-line and beyond treatment. In particular, 2 phase II
trials and 1 phase III trial assessed the efficacy of cetuximab in com-
bination with mono-chemotherapy with docetaxel or pemetrexed.

A phase II study of cetuximab in combination with docetaxel was
performed by Kim and Colleagues [25] in patients with evidence of
EGFR expression (=14). ORR was 20% (95% CI, 10.4-33.0%) and
median time-to progression (TTP) was 104 days. Median OS was
7.5 months (95% CI, 6.7-12.0) with a 1-year survival of 35%; median
PFS was 2.7 months (95% CI, 1.8-4.4).

The combinations of cetuximab and pemetrexed or docetaxel was
then assessed in the phase III SELECT-trial [37]. In this unmasked,
open-label, randomized trial EGFR-unselected patients with NSCLC
previously treated with one line of platinum-based CT were randomly
assigned to receive either pemetrexed or docetaxel and then randomly
assigned within each group to receive their CT with or without cetux-
imab until disease progression or unacceptable toxicity. Median PFS
was 2.9 (95% CI, 2.7-3.2) vs 2.8 months (95% CI, 2.5-3.3) for cetux-
imab plus pemetrexed arm and pemetrexed arm respectively (HR: 1.03
[95% CI 0.87-1.21; p = 0.76]); median OS was 6.9 (95% CI, 6.3-7.9) vs
7.8 months (95% CI, 6.8-8.4) for cetuximab plus pemetrexed arm and
pemetrexed arm respectively (HR: 1.01 [95% CI 0.86-1.20; p = 0.86]).
Median PFS was 2.4 (95% CI, 1.6-2.9) vs 1.5 months (95% CI, 1.5-2.5)
for cetuximab plus docetaxel arm and docetaxel arm respectively (HR:
0.91 [95% CI 0.73-1.13; p = 0.39]); median OS was 5.8 (95% CI,
4.7-8.3) vs 7.8 months (95% CI, 6.1-9.2) respectively (HR: 1.13 [95%
CI 0.90-1.41; p = 0.31]). A significantly higher proportion of patients
in the cetuximab plus pemetrexed group experienced at least one ser-
ious adverse event than those patients in the pemetrexed group (41 vs
29% respectively, p = 0.0054). Authors concluded that the use of ce-
tuximab is not recommended in combination with CT in previously
treated patients.

Induction treatment trials

Since the addition of cetuximab to standard platinum-based CT
significantly improved efficacy in advanced stage NSCLC, it seemed
reasonable to also evaluate a combination therapy with cetuximab and
chemotherapy in earlier stages.

The INNO6-study [47] was a multicenter phase II trial evaluating 2
cycles of combination therapy with cetuximab and cisplatin-docetaxel
as induction regimen prior to surgery in CT-naive patients with NSCLC
stage IB-IIIA, without selection for EGFR-expression status. 20 patients
(51.3%) achieved a PR, 17 (43.6%) a stable disease (SD), 2 (5.1%) were
not evaluable. 37 patients (94.9%) underwent surgery; 29 (78.4%)
showed a stage-shift between initial evaluation and pathological sta-
ging and 8 patients (21.6%) remained stable; in 22 patients (59.4%) a
pathological down-staging was achieved, in 7 patients (18.9%) the
pathological stage was higher as originally defined by comprehensive
staging. In 3 patients pathological complete response (CR) was ob-
served (8%). At the time of final analysis (2013, December), median
PFS was 22.5 months (95% CI, 10.3-34.7), median OS has not been
reached and 5-years OS was 58%.

Other combinations
Although this article is essentially focused on combination between
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CT and EGFR-directed monoclonal antibodies, it’s worth highlighting
other possible drug combinations. In particular, the simultaneous use of
cetuximab plus afatinib has recently emerged as a new possibility for
the treatment of patients with advanced NSCLC harboring mutated
EGFR after progression on first-generation EGFR tyrosine-kinase
inhibitors (erlotinib or gefitinib), with consequently acquired resistance
to TKIs [55]. A study conducted in transgenic mice with
EGFRMS8R+T790M jnduced lung adenocarcinomas demonstrated that
that this combination of cetuximab and afatinib could overcome
T790M-mediated resistance [56]. Based on these data, a phase IB/II
was conducted evaluating the same association between cetuximab and
afatinib in patients affected by EGFR-mutant advanced NSCLC, who
progressed on erlotinib or gefitinib [57]. The rate of disease control was
94%, with objective response rate in 40%; median PFS was 4.7 months
and the median duration of response was 7.7 months; response occurred
in patients with or without T790M mutations. In the same study, a
separate cohort exploring afatinib plus cetuximab after progression
with afatinib is reported [58]: 36 patients transitioned to the combi-
nation therapy; 4 patients (11%) responded, median PFS was
2.9 months. Median PFS with afatinib plus cetuximab for patients who
received afatinib monotherapy for =12 vs < 12weeks was 4.9 vs
1.8 months (p = 0.0354) and for patients with T790M-positive vs
T790M-negative tumors was 4.8 vs 1.8 months (p = 0.1306). In another
study conducted using mice with TKI-naive EGFR“®*®*.induced lung
adenocarcinoma, it was demonstrated that afatinib plus cetuximab
delayed the time to relapse and the incidence of drug-resistance com-
pared to single agent erlotinib or afatinib [59]. Antitumor efficacy of
dual blockade of EGFR signaling by osimertinib in combination with
cetuximab or selumetinib was evaluated in activated EGFR human
NSCLC tumor models [60]: the addition of cetuximab or selumetinib to
osimertinib in second-line treatment reverted the sensibility to osi-
mertininb in the majority of mice, with a RR of 50% to 80% and a
median PFS of first- plus second-line of therapy of 28 weeks; the early
use of combinations in first-line therapy increased the RR to 90%. Given
these promising results, two randomized phase II/III trials of afatinib
plus cetuximab vs afatinib alone in treatment-naive patients with ad-
vanced EGFR-mutant NSCLC are ongoing by the South West Oncology
Group (SWOG S1403) and the Intergroupe Francophone de Cancer-
ologie Thoracique (IFCT-1503 ACE-Lung study).

Necitumumab

Necitumumab (IMC-11F8) is a fully humanized IgG1l monoclonal
antibody directed against EGFR. Whereas the mechanisms of inhibition
of EGFR activation are close between necitumumab and cetuximab, the
major difference concerns the variable domains of the antibody. The
variable region of cetuximab is of mouse origin, while the variable
domains of necitumumab are of human origin; consequently, treatment
with necitumumab is expected to be associated with less hypersensi-
tivity reactions and toxicity [61]. Necitumumab, as well as cetuximab,
is fully human IgG1 and can induce ADCC.

First-line treatment trials

Two large parallel phase III trials with similar designs have been
conducted in patients with NSCLC, according to histological subtype
and include the INSPIRE trial [43] for non-SCC NSCLC and the SQUIRE
trial [44] for SCC.

The INSPIRE-trial [43] was a randomized, open-label, controlled
phase III study in patients with previously untreated, stage IV non-SCC
NSCLC, without any selection for EGFR expression status. Patients re-
ceived CT with cisplatin + pemetrexed for a maximum of 6 cycles
alone, or in combination with necitumumab. Enrollment in this trial
was stopped after 633 patients enrolled following an Independent Data
Monitoring Committee (IDMC) recommendation based on an observed
higher recurrence rate of fatal thromboembolic events in the necitu-
mumab-containing arm. There was no significant difference in OS
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between treatment groups, with a median OS of 11.3 months (95% CI,
9.5-13.4) in the necitumumab plus cisplatin-pemetrexed group vs
11.5months (95% CI, 10.1-13.1) in the cisplatin-pemetrexed group
(HR: 1.01 [95% CI 0.84-1.21; p = 0.96]). Median PFS was 5.6 months
(95% CI, 5.1-6.0) in the necitumumab plus cisplatin-pemetrexed group
vs 5.6 months (95% CI, 4.8-5.7) in the cisplatin-pemetrexed group (HR:
0.96 [95% CI 0.80-1.16; p = 0.66]).

The second study (SQUIRE) [44] was a randomized, open-label,
controlled phase III study with patients with previously untreated, stage
IV squamous NSCLC, without any selection for EGFR expression status.
Patients received CT with cisplatin + gemcitabine for a maximum of 6
cycles alone, or in combination with necitumumab. In contrast to the
INSPIRE-trial, in this study, the primary end-point was met: median OS
was of 11.5 months (95% CI, 10.4-12.6) in the necitumumab plus CT
group vs 9.9 months (95% CI, 8.9-11.1) in the CT alone group (HR: 0.84
[95% CI 0.74-0.96; p = 0.01]). Median PFS was 5.7 months (95% CI,
5.6-6.0) in the necitumumab plus CT group vs 5.5 months (95% CI,
4.8-5.6) in the CT alone group (HR: 0.85 [95% CI 0.74-0.98;
p = 0.02]). Whereas the ORR didn’t statistically differ between the two
arms, the disease control rate (DCR) was significantly higher in patients
treated with necitumumab (82% vs 77%, p = 0.04).

A recent retrospective analysis [52] of the SQUIRE trial investigated
the efficacy and safety of single-agent necitumumab continuation
therapy until progressive disease, comparing patients treated with ne-
citumumab monotherapy after completion of =4 cycles of CT (neci-
tumumab continuation) with those in the CT arm who were progres-
sion-free and did not discontinue because of adverse events after
completion of =4 cycles of CT (cisplatin + gemcitabine non-pro-
gressors). Median OS from randomization in the necitumumab con-
tinuation vs cisplatin + gemcitabine non-progressors arm was 15.9 vs
15.0 months (HR: 0.82 [CI 95% 0.69-1.05]) and median PFS from
randomization was 7.4 vs 6.9 months (HR: 0.86 [CI 95% 0.70-1.06]).
OS and PFS benefits were similar when assessed from the post-induction
period and in EGFR-expressing patients.

Other EGFR-directed monoclonal antibodies

Panitumumab

Panitumumab is a fully human IgG2 monoclonal antibody against
EGFR, which has been shown to have activity as a single agent and in
combination with CT for the treatment of metastatic colorectal cancer,
but is not recommended for use in patients whose tumors have muta-
tions in codons 12 or 13 of KRAS [62]. The use of panitumumab in
NSCLC was evaluated in a two-part phase II study [38] assessing the
efficacy and safety of carboplatin-paclitaxel with or without panitu-
mumab in previously untreated patients with advanced NSCLC and
with 10% or more cells expressing EGFR. TTP was 18.1 weeks (95% CI,
13.6-23.3) in panitumumab plus CT arm vs 23.0 weeks (95% CI,
15.9-24.1) in CT arm (HR: 0.90 [95% CI 0.66-1.21; p = 0.555]).
Median PFS was 17.6 weeks (95% CI, 11.7-22.4) for panitumumab plus
CT arm vs 18.3weeks (95% CI, 13.4-23.7) for CT; median OS was
37.0 weeks (95% CI, 30.9-52.1) vs 35.0 weeks (95% CI, 29.3-51.4)
respectively; ORR was 15.2% vs 11.1%. Authors concluded that al-
though toxicity was predictable and manageable, the addition of pa-
nitumumab to CT did not improve TTP in patients with previously
untreated advanced NSCLC.

The randomized phase Il CHAMP-trial [41] evaluated the activity of
panitumumab in combination with cisplatin and pemetrexed in the
first-line treatment of patients with advanced non-SCC KRAS-wild-type
(WT). Patient enrollment had to be stopped prematurely because of the
incidence of unacceptable side effects that occurred during treatment
with panitumumab and chemotherapy; they included hematologic
events such as anemia, leukopenia and thrombocytopenia; the most
frequently occurring non-hematologic adverse events in the panitu-
mumab arm were nausea, vomiting, dyspnea and skin toxicity.

Same results in terms of toxicity were obtained in another trial with
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panitumumab added to standard combination CT as first-line treatment
for patients with advanced KRAS-WT non-SCC NSCLC [48]. 29 of 66
patients (44%) had objective responses, median TTP was 6 months,
median OS was 17 months. Panitumumab increased treatment-related
toxicity, notably skin rah. Authors concluded that the addition of pa-
nitumumab increased toxicity and had no discernible impact of effi-
cacy.

Matuzumab

Matuzumab is a humanized monoclonal antibody of the im-
munoglobulin IgG1-subclass that binds selectively to EGFR and inhibits
ligand-mediated activation. In contrast to the chimeric antibody ce-
tuximab, matuzumab has a prolonged half-life of 6-8 days and doesn’t
induce auto-antibody. Besides blocking ligand-binding and subse-
quently inhibiting signal transduction, in xenograft models matuzumab
has also shown the ability to attract immunocompetent cells by ADCC
[63]. Matuzumab was evaluated in lung cancer in one phase I trial in
combination with paclitaxel and in one phase II trial.

The phase II randomized trial [29] investigated matuzumab in
combination with pemetrexed compared with pemetrexed alone as
second-line therapy for EGFR-unselected patients with advanced
NSCLC. In this study, matuzumab was administered at either 800 mg
weekly dose or 1.600 mg every 3 weeks dose. ORR for the matuzumab-
treated arms was 11% compared with 5% for pemetrexed alone
(p = 0.332); apart from one patient in the pemetrexed alone group, all
responses occurred in patients whose tumors expressed EGFR. The ORR
for patients receiving weekly matuzumab was 16% (95% CI, 7-29)
compared with 2% (95% CI, 0-11) for those receiving matuzumab
every 3 weeks. DCR was similar in the different treatment groups (33%
vs 36% vs 34%, respectively). Median PFS time was similar for all three
treatment groups: 2.7 months (95% CI, 1.6-4.4) for the pemetrexed
alone group, 2.3 (95% CI, 1.5-3.8) and 2.5 months (95% CI, 1.4-2.9)
for those receiving matuzumab weekly or every 3 weeks, respectively.
Median OS was 7.9 months (95% CI, 7.2-9.9) for the pemetrexed alone
group, 12.4 (95% CI, 8.8, not evaluable) and 5.9 months (95% CI,
3.6-7.2) for those receiving matuzumab weekly or every 3 weeks, re-
spectively.

Nimotuzumab

Nimotuzumab is a humanized anti-EGFR mouse monoclonal anti-
body designed to reduce immunoreactivity, with a slower rate of
clearance from the body [64]. Nimotuzumab was evaluated in 3 phase
II trials in NSCLC in combination with CT.

The trial of Babu and Colleagues [39] was a multicenter, open-label,
randomized study evaluating the safety and efficacy of nimotuzumab in
combination with carboplatin-docetaxel vs CT alone in EGFR-un-
selected patients with stage IIIB/IV NSCLC. CR was achieved in 2 pa-
tients each in the nimotuzumab (4%) and control groups (3.6%), while
PR was achieved in 25 (50%) and 17 (30.9%) of patients in the nimo-
tuzumab and control groups respectively. Statistically significant dif-
ferences in ORR were observed between the nimotuzumab and control
groups (54%, 95% CI 40.2-67.8 vs 34.5%, 95% CI 22-47.1, p = 0.04).
The difference in OS was not statistically significant (10.1 months, 95%
CI 8.1-13.6 vs 10.4 months, 95% CI 7.4-13.7, p = 0.48; HR: 0.844, 95%
CI 0.529-1.35). Similarly, the difference in PFS was not statistically
significant between the two arms (4.9 months, 95% CI 4.5-6.9 vs
4.8 months, 95% CI 0.533-1.222 for the nimotuzumab and control arm,
respectively).

Another phase II trial[42] evaluated the same combination of ni-
motuzumab and carboplatin-docetaxel, with similar design and results:
the total effective rate (ER) and DCR for nimotuzumab-containing arm
were 36.7% and 86.7%, respectively. The ER and DCR for CT alone-arm
were 27.6% and 82.8%, respectively. The difference between ER and
DCR in the two groups was not statistically significant (p = 0.321 and
p = 0.478, respectively). PFS was 7.9 vs 6.3 months for nimotuzumab-
containing arm and CT alone-arm, respectively.
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Meta-analysis

Results of previously described clinical trials have shown, with the
exceptions of the INSPIRE [43] and CHAMP [41] trials, that the addi-
tion of EGFR-mAbs to CT is both tolerable and feasible; however, effi-
cacy data were not clear and some trials didn’t confirm a survival
benefit for this kind of treatment. These conflicting results impeded the
interpretation and translation of EGFR-mAbs to clinical practice.
Therefore, a systemic review and meta-analysis was conducted to
evaluate the efficacy and safety of addition of EGFR-mAbs to CT,
compared with CT alone in patients with NSCLC [65]. Among the po-
tentially eligible trials, 9 studies with 4.949 patients were included in
the meta-analysis. In general, compared with CT alone, the addition of
EGFR-mAbs significantly improved OS, with HR: 0.91 (95% CI,
0.86-0.97, p = 0.006), PFS, with HR: 0.83 (95% CI, 0.87-0.98,
p = 0.01), RR, with odds radio (OR): 1.28 (95% CI, 1.12-1.47,
p = 0.0003), DCR, with OR: 1.17 (95% CI, 1.01-1.36, p = 0.04). In
contrast to first-line setting, combination of EGFR-mAbs with second-
line CT failed to provide additional survival benefit, with HR: 1.03
(95% CI, 0.88-1.17, p = 0.66). In general, the toxicities of the combi-
nation strategy were tolerable and manageable.

In conclusion, the addition of EGFR-mAbs to CT provided superior
clinical benefit along with acceptable toxicities to patients with ad-
vanced NSCLC. Following these results, in order to optimize the benefit
effects of this kind of targeted therapy, research focused on the char-
acterization of predictive biomarkers for the selection of those patients
who will derive a substantial benefit from the addition of EGFR-mAbs
to CT.

Predictors of response

Biomarker analysis in NSCLC is challenging because of several fac-
tors related to the heterogeneity of this kind of tumor, small sample
availability and different prevalence of characteristic molecular pat-
terns within a tumor. Several common histological subtypes exist and
the effect of individual biomarkers in these subtypes can be different
[66]. Because anti-EGFR mAb activity is mechanistically linked to di-
rect interaction with the EGFR and because high levels of EGFR ex-
pression correlate with sensitivity to anti-EGFR mAbs in vitro [67],
there is a strong rationale to consider the tumor’s level of EGFR ex-
pression as one of the most significant predictive biomarkers in this
setting. Furthermore, a high level of EGFR expression is likely to in-
dicate tumor dependency on EGFR signaling and therefore sensitivity to
anti-EGFR mAbs [68]. Tumors have to be considered as EGFR IHC +
when at least one membrane staining positive cell is identified [69]; in
particular, the membrane staining may be scored in four different ca-
tegories, including no staining (0), weak staining (1+, light brown
membrane staining, visible only with high magnification), intermediate
staining (2+, between 1+ and 3+) and strong staining (3+, dark-
brown linear membrane staining, visible just with low magnification).
The H-Score system is used to generate a semi-quantitative score, ran-
ging from 0 to 300 and is calculated with the following formula:
1 X (percentage of 1+ cells) + 2 X (percentage of 2+ cells) +
3 X (percentage of 3+ cells). According to the “Colorado EGFR Scoring
System” [70] (Table 2), tumors are considered as EGFR FISH + if they
harbor 4 or more copies of EGFR in =40% of cells, or if they show
EGFR amplification (defined as gene-to-chromosome ratio =2 or pre-
sence of gene cluster or =15 gene copies in =10% of cells), all other
tumors have to be classified as EGFR FISH.

In a retrospective analysis [71] of the FLEX trial’s [20] results
(Table 3), Authors investigated the predictive and prognostic use of four
tumor-associated molecular characteristics (KRAS mutation, increased
EGFR copy number, EGFR mutation and PTEN expression status) linked
to the EGFR signaling pathway. Comparisons of treatment outcomes
between the two groups (CT with or without cetuximab) according to
KRAS tumor mutation status (mutant vs wild-type) provided no
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Table 2

Interpretation of the EGFR FISH results according to the “Colorado Scoring
Criteria” [70] (EGFR: epidermal growth factor receptor; FISH: fluorescence in
situ hybridization; CEP7: centromeric protein 7).

Score Observation Features Fish result
1 Disomy < 40% of cells displaying = 4 copies of NEGATIVE
2 Low trisomy the EGFR signal AND EGFR/CEP7
3 High trisomy ratio < 2 AND < 10% of cells
displaying = copies of EGFR
4 Low polysomy = 40% of cells displaying = 4 copies
of the EGFR
5 High polysomy  EGFR/CEP7 ratio = 2 OR presence of POSITIVE

6 Gene
amplification

gene clusters (= 4 spots) OR = 10% of
cells displaying = 15 copies of EGFR

indication that this biomarker was predictive for the efficacy of CT plus
cetuximab in relation to OS [HR: 1.00 (0.60-1.66), p = 1.00], PFS [HR:
0.84 (0.50-1.40), p = 0.5], or RR [HR: 2.11 (0.76-5.88), p = 0.15].
Also EGFR copy number assessed by FISH (positive vs negative) was not
predictive for the efficacy of CT plus cetuximab in relation to OS [HR:
0.85 (0.56-1.29), p = 0.44], PFS [HR: 0.80 (0.51-1.25), p = 0.33], or
RR [HR: 1.62 (0.70-3.76), p = 0.26]. EGFR mutation status (positive vs
negative) was not predictive for the efficacy of CT plus cetuximab in
relation to OS [HR: 1.48 (0.77-2.85), p = 0.24], PFS [HR: 0.92
(0.53-1.60), p = 0.76] and RR [HR: 1.36 (0.50-3.70), p = 0.55]. Fi-
nally, PTEN expression status (positive vs negative) was also not pre-
dictive for the efficacy of chemotherapy plus cetuximab in relation to
OS [HR: 0.92 (0.61-1.39), p = 0.68], PFS [HR: 1.03 (0.66-1.61),
p = 0.88] and RR [HR: 0.72 (0.31-1.68), p = 0.45]. Another retro-
spective analysis [72] of data from the FLEX study showed that high
EGFR expression, as determined by IHC, could be considered a tumor
biomarker that can predict survival benefit from the addition of ce-
tuximab to first-line treatment: for patients in the high EGFR expression
group (IHC-Score = 200), OS was longer in the CT plus cetuximab arm
than in the CT alone arm (HR: 0.73 [95% CI 0.58-0.93; p = 0.011],
median 12.0 vs 9.6 months). No corresponding survival benefit was
observed for patients in the low EGFR expression group (IHC-Score <
200) (HR: 0.99 [95% CI 0.84-1.16; p = 0.88], median 9.8 vs
10.3 months). A sensitivity analysis in the higher EGFR expression
group using the Cox proportional hazards model with adjustment for
selected baseline variables resulted in an HR of 0.67 (95% CI,
0.52-0.87, p = 0.002). In the low EGFR expression group, a similar
sensitivity analysis resulted in an HR of 0.97 (95% CI, 0.82-1.15). A
third analysis [73] assessed whether the activity of cetuximab in
combination with CT was modulated by the EGFR mutation status of
tumors. For patients with EGFR-WT tumors, a survival benefit asso-
ciated with the addition of cetuximab to CT was apparent in the high
EGFR expression group, with HR: 0.76 (95% CI, 0.57-1.00). However,
no apparent benefit was observed in the low EGFR expression group for
patient with EGFR-WT tumors, with HR: 0.98 (95% CI, 0.82-1.18); PFS
and TTF were similar across treatment and EGFR expression groups for
patients with EGFR WT tumors. In the high EGFR expression group,
patients with tumor EGFR mutations may also have derived a survival
benefit for the addition of cetuximab to CT. Conversely, in the low
EGFR expression group of both mutation subgroups, the addition of
cetuximab to CT seemed to be associated with shorter survival com-
pared with chemotherapy alone. Authors concluded that the survival
benefit from the addition of cetuximab to CT in the high EGFR ex-
pression group is regardless of EGFR mutation status.

Relationships between biomarker status, in particular KRAS and
EGFR mutation by direct sequencing, EGFR protein expression by IHC
and EGFR gene copy number by FISH, and clinical outcomes (OS, PFS
and RR) were also assessed in a retrospective correlative analysis [74]
of the results of the BMS 099 trial [27]. Adding cetuximab to CT did not
significantly affect median OS in patients with KRAS WT tumors (HR:
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0.93, 95% CI, 0.67-1.30, p = 0.68) or in a group with mutated KRAS
(HR: 0.97, 95% CI, 0.45-2.07, p = 0.93). The same results were ap-
plicable on PFS, with no significant difference in group with KRAS WT
(HR: 1.07, 95% CI, 0.77-1.50, p = 0.69) or mutated KRAS (HR: 0.64,
95% CI, 0.27-1.50, p = 0.30). Adding cetuximab to CT did not sig-
nificantly affect OS in patients with EGFR WT tumors (HR: 0.91, 95%
CI, 0.64-1.29, p = 0.61) or in the group with mutated EGFR (HR: 1.62,
95% CI, 0.54-4.88, p = 0.38). Also for PFS there was no significant
difference in groups with EGFR WT (HR: 0.95, 95% CI, 0.66-1.35,
p = 0.76) or mutated EGFR (HR: 1.17, 95% CI, 0.36-3.77, p = 0.79).
With regard to EGFR protein expression, as assessed by IHC, adding
cetuximab to CT did not significantly affect OS in patients with EGFR +
tumors (HR: 1.02, 95% CI, 0.71-1.48, p = 0.91) or in the subset of
patients with EGFR- tumors (HR: 1.86, 95% CI, 0.57-6.11, p = 0.30).
The same results were applicable on PFS, with no significant difference
in group with EGFR+ (HR: 1.15, 95% CI, 0.78-1.68, p = 0.69) or
EGFR- (HR: 1.17, 95% CI, 0.37-3.72, p = 0.79). Finally, regarding
evaluation of EGFR gene copy number by FISH, the addition of cetux-
imab to CT did not significantly affect PFS in the FISH+ subset (HR:
1.54, 95% CI, 0.81-2.93, p = 0.18) or in the FISH- subset (HR: 0.65,
95% CI, 0.35-1.18, p = 0.15). Patients with EGFR FISH+ tumors had
significantly shorter OS with cetuximab plus CT than with CT alone
(HR: 1.92, 95% CI, 1.05-3.54, p = 0.03). In addition, OS did not differ
by treatment in patients with FISH- tumors (HR: 0.84, 95% CI,
0.47-1.52, p = 0.57).

In a retrospective analysis [75] of the results of the SWOG S0342
trial [28], it was reported that EGFR gene copy number detected by
FISH predicted outcomes in patients with advanced-stage NSCLC re-
ceiving cetuximab plus CT. Median OS was 15 months compared with
7 months for patients with a positive versus negative FISH-test, respec-
tively (HR: 0.58, p = 0.46). Median PFS was significantly longer
(6 months) in the FISH + group compared with the FISH- group
(3 months; HR: 0.45, p = 0.0011). A significant difference in PFS was
also seen between FISH+ and FISH — patients in each of the treatment
arms (concurrent arm HR: 0.45, p = 0.02; sequential arm HR: 0.46,
p = 0.03). These results suggest that the addition of cetuximab to CT
may reverse the underlying poor prognosis associated with EGFR FISH
positivity [10], supporting also the hypothesis that EGFR FISH may be
broadly applicable for selection of patients for EGFR-target therapies.

Analysis of correlation of IHC-assessed EGFR-expression with out-
comes in the SQUIRE trial [44] was performed in patients affected by
advanced SCC treated with necitumumab [76]. OS for IHC+ patients
was significantly longer in the necitumumab plus CT group than in the
CT group alone (HR: 0.79 [95% CI, 0.69-0.92; p = 0.002], median 11.7
vs 10.0 months). In the same study, while patients with high EGFR
expression (H-Score = 200) had a more favorable HR for OS, the trend
was not observed for PFS and the treatment-by-marker interaction test
p value was not significant. The subpopulation treatment effect pattern
plot (STEPP) analysis across the ranges of EGFR protein expression for
OS and PFS did not lead to the identification of a cut-point to differ-
entiate those who benefit from the addition of necitumumab versus
those who do not. These data suggested that patients whose tumors
have detectable EGFR protein have survival benefit from the addition of
EGFR-inhibitor to CT, regardless of the level of EGFR expression. Pa-
tients with no evidence of EGFR expression did not appear to benefit
from the addition of necitumumab to CT (OS HR: 1.52 [95% CI,
0.74-3.17; p = 0.015], median 6.5 vs 17.4 months; PFS HR: 1.33 [95%
CI, 0.66-2.75; p = 0.252], median 4.2 vs 5.6 months). The efficacy re-
sults of exploratory post hoc analysis of EGFR copy number gain by FISH
showed a trend for a more favorable survival HR in the EGFR FISH +
subpopulation but without statistically significant treatment-by-marker
interaction tests (OS HR: 0.70 [95% CI, 0.52-0.96; p = 0.066], median
12.6 vs 9.2months; PFS HR: 0.71 [95% CI, 0.52-0.97; p = 0.057],
median 6.1 vs 5.1 months).

A recent retrospective analysis [77] from the results of the SWOG
S0819 trial [51] was performed in order to determine whether a

23

Cancer Treatment Reviews 72 (2019) 15-27

biomarker-enriched model based both on FISH and IHC might be an
appropriate predictor of efficacy of cetuximab-based therapy in ad-
vanced NSCLC. In the sub-population of H-Score+ patients there was
not significant difference in OS (HR: 0.78 [95% CI, 0.60-1.01;
p = 0.06], median 12.1 vs 9.0 months for cetuximab arm and control
arm respectively) and PFS (HR: 0.92 [95% CI, 0.72-1.18; p = 0.52],
median 4.9 vs 4.1 months for cetuximab arm and control arm respec-
tively). When the evaluation of both biomarkers were positive (FISH +
and H-Score +), a significant difference was observed in OS (HR: 0.61
[95% CI, 0.42-0.90; p = 0.01], median 12.9 vs 7.5 months for cetux-
imab arm and control arm respectively) and PFS (HR: 0.64 [95% CI,
0.44-0.91; p = 0.01], median 5.5 vs 3.7 months for cetuximab arm and
control arm respectively). In the sub-population of EGFR FISH+ pa-
tients with SCC, OS was significantly improved among patients rando-
mized to the cetuximab-containing arm compared to control (HR: 0.58
[95% CI, 0.39-0.86; p = 0.01], median 11.8 vs 6.1 months). In this sub-
population PFS was marginally not significant between the arms (HR:
0.68 [95% CI, 0.46-1.01; p = 0.06], median 4.5 vs 2.8 months for ce-
tuximab arm and control arm respectively). In the sub-population of H-
Score+ patients with SCC, OS was significantly improved among pa-
tients randomized to the cetuximab-containing arm compared to con-
trol (HR: 0.64 [95% CI, 0.43-0.95; p = 0.03], median 9.3 wvs
6.9 months). Also for patients with SCC a significant difference in OS
and PFS was observed when both biomarker’s evaluations were posi-
tive; in particular OS HR: 0.32 (95% CI, 0.17-0.60; p = 0.0004, median
12.3 vs 4.9 months for cetuximab arm and control arm respectively),
PFS HR: 0.50 (95% CI, 0.28-0.89; p = 0.02, median 5.2 vs 2.8 months
for cetuximab arm and control arm respectively).

In summary, the predictive role of EGFR expression in patients with
NSCLC treated with anti-EGFR mAbs was evaluated in many retro-
spective analyses with controversial results. However, the most recent
data discussed above support the application of both EGFR FISH and
IHC to identify specific sub-populations of patients which will benefit
from the addition of an anti-EGFR mAb to first-line standard CT.
Furthermore, this benefit seems to be more evident in the SCC popu-
lation, with a significant improvement in OS and PFS for patients with
EGFR FISH+ or IHC+ or both. Moreover, in accordance with previous
analyses [77-79], a high level of EGFR expression is more common in
SCC than in other histotypes of NSCLC. Patients selection based both on
EGFR molecular assessment and histology has to be considered as
cornerstone in the treatment’s plan.

EGFR-directed monoclonal antibodies in association with chemo-
radiotherapy

Many patients with inoperable stage III NSCLC are candidates for
combined modality CT and radiotherapy (RT). Simultaneous adminis-
tration of radiosensitizing agents that increase tumor cell kill might
improve the therapeutic ratio. Based on the fact that EGFR is often over-
expressed or mutated in NSCLC, the impact of EGFR-targeted therapies
on cellular responses to ionizing radiation has been explored [80,81].
Stressors including irradiation can lead to autocrine secretion of the
EGFR-ligand TGF-a and thereby to an activation of the receptor [82].
Furthermore, in vitro, irradiation leads to autophosphorylation of the
EGFR, resulting in an increase in cell proliferation, suggesting that the
EGFR may have a role in radiation-induced tumor repopulation [83].
Under experimental laboratory conditions in animal models cetuximab
increased tumor radio-curability [84]. Clinically, a phase III trial in
patients with squamous cancer of the head and neck revealed a sig-
nificant improvement in OS with cetuximab and RT compared with RT
alone [85]. Many clinical trials assessed the efficacy of cetuximab
combined with RT, with and without concurrent CT in the treatment of
stage III NSCLC (Table 4). In particular, we focus on 2 phase II trials and
the most recent phase III trial assessing the efficacy of concurrent ce-
tuximab and CT in combination with RT.

The Cancer and Leukemia Group B (CALGB)-trial 30,407 [90] was a
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randomized phase II trial designed to investigate the activity of CT
(carboplatin + pemetrexed) with or without cetuximab in combination
with concurrent thoracic radiation therapy (TRT, 70 Gy in 35 fractions).
Median OS was 25.2 vs 21.2 months for CT plus cetuximab arm and CT
alone arm respectively; the 18-months OS rates observed were 54%
(95% CI, 42-70) and 58% (95% CI, 46-74) respectively. An unplanned
analysis of OS by histology revealed that among patients with squa-
mous and non-squamous histology in both arms, the median OS was
22.4 months and 22.4 months for CT plus cetuximab arm and CT alone
arm respectively, without any significant difference (p = 0.667).

A different combination CT-regimen was evaluated in the Radiation
Therapy Oncology Group (RTOG) 0324 phase II trial [93]. In this study,
patients with unresectable stage III NSCLC received a weekly dose of
cetuximab and during week 2, patients started TRT (63 Gy in 35 frac-
tions) with CT (carboplatin + paclitaxel). With a median follow-up of
21.6 months, the 24-months progression failure rate was 55.2% (95%
CI, 44.6-65.7%); the 24-month survival rate was 49.3% (95% CI,
38.3-59.3) and median OS was 22.7 months (95% CI, 15.3-30.4). The
unanswered question was whether EGFR expression status affects dis-
ease control or survival in patients receiving cetuximab with RT, with
or without CT. To address this question, a secondary analysis of the
RTOG 0324 trial investigated whether expression of EGFR was asso-
ciated with survival and disease control [100]. Patients without IHC
data had worse OS (HR: 1.63, p = 0.05), worse PFS (HR: 1.88,
p = 0.008) and worse TTP (HR: 1.99, p = 0.01) than those with ITHC
data. In this study, no difference was found in OS, PFS, or TTP ac-
cording to EGFR expression levels. Surprisingly, these outcomes dif-
fered not by EGFR expression but by the availability of samples for
analysis.

On the basis of the encouraging results of the RTOG 0324 trial, the
RTOG group designed a phase III trial (RTOG 0617) [101] to establish
whether a 74 Gy dose was better than a 60 Gy dose and whether adding
cetuximab to concurrent CT/RT would confer an OS benefit in patients
with stage III NSCLC. Median OS was 28.7 months (95% CI, 24.1-36.9)
for patients who received standard-dose RT and 20.3 months (95% CI,
17.7-25.5) for those who received high-dose RT (HR: 1.38, 95% CI,
1.09-1.76, p = 0.004). Median OS was 25.0months (95% CI,
20.2-30.5) for patients who received cetuximab and 24.0 months (95%
CI, 19.8-28.6) for those who did not (HR: 1.07, 95% CI, 0.84-1.35,
p = 0.29). In a planned retrospective analysis, EGFR H-Score was
evaluated in the sub-population with enough pathological material for
central review; the data suggested that patients with an H-Score = 200
might benefit from the addition of cetuximab to CT/RT, but that ce-
tuximab might be detrimental for patients with an H-Score < 200.

In conclusion, given the strong preclinical rationale for combining
EGFR-inhibitors and RT, results of many clinical trials remain con-
troversial. A more complete understanding of underlying mechanisms is
required in order to optimize EGFR targeting in the RT settings
Correlative biomarker studies should be part of these research efforts as
well. The question remains whether the efficacy of cetuximab and ir-
radiation is comparable to concurrent CT/RT and if it is superior to RT
alone in NSCLC.

Conclusion

Immunotherapy has recently demonstrated potential for applica-
tions in the first-line setting as a single agent for patients whose tumors
have high PD-L1 expression (tumor proportion score TPS = 50%)[4].
The addition of pembrolizumab to standard CT of pemetrexed and a
platinum-based drug resulted in significantly longer OS and PFS than
CT alone, regardless of PD-L1 expression levels [6]. First-line combi-
nation regimens including PD-1 or PD-L1 inhibitors may maximize the
chance of response and lead to prolonged survival and are actually
recommended in the international guidelines (pembrolizumab mono-
therapy for high PD-L1 expressors patients) or will be recommended in
the next future (pembrolizumab in combination with CT regardless PD-
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L1 status). However, patients unsuitable for immunotherapy or targeted
therapies alone, both for molecular and clinical reasons, are still can-
didates for traditional CT, potentially in combination with other drugs.
For these patients further efforts to customize treatments are needed.
Anti-EGFR mAbs in combination with CT have opened new opportu-
nities in the treatment of patients affected by NSCLC. The character-
ization of biomarkers predicting benefit from EGFR-mAbs has been
demonstrated as crucial to identify and select the sub-population that
will receive the highest benefit from this kind of treatment. FISH and
IHC are techniques already well-established and widely used in routine
clinical practice, at relatively low costs. Therefore, logistical or tech-
nical reasons would not preclude the use of these EGFR expression
assessments, with FISH+ and H-Score = 200 as predictive biomarkers
for the selection of patients who would be most likely to derive a
clinical benefit from treatment with CT and anti-EGFR mAbs. In parti-
cular for squamous histology, based on the results of the SQUIRE and
S0819 trials, the use of EGFR FISH evaluation could represent a valid
tool for this selection. Perspective studies on EGFR FISH+ in SCC po-
pulation should be performed.

In conclusion, we believe that in the era of personalized medicine in
NSCLC, our analysis supports the possible role in clinical practice of a
histology-driven and biomarker-enriched model based on EGFR FISH
and IHC as appropriate predictors of efficacy of anti-EGFR mAbs-based
therapy in advanced NSCLC. Recent results support the application of
EGFR FISH and IHC to identify specific sub-populations of patients
which will benefit from the addition of an EGFR-mAb to first-line
standard CT.
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