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Abstract: Lung cancer is the most commonly diagnosed cancer as well as the leading cause of cancer related death
worldwide. Till date, surgery is the treatment of first choice for lung cancer. But most of the cases diagnosed in
clinics are inoperable, so chemotherapy and/- or radiotherapy are the next option for those cases. Because these
treatment modalities have adverse effects and are sometimes lethal to patients, new effective strategies with minimal
side effects are urgently needed. Monoclonal antibody (MADb) therapy has recently gained attractions as an adjuvant
treatment of patients with NSCLC. Multiple Mabs have been proposed and tested for potential therapeutic benefit
against NSCLC with fewer side effects as compared to conventional chemotherapy and radiotherapy. In this article,
focus on MADs for treatment of patients with NSCLC, with emphasis on evidence based outcome in order to create
a knowledge base that is well grounded in clinical reality. We summarize the current experience on the use of these
agents for the treatment of NSCLC. Finally, we also highlight the critical questions and challenge in the clinical
applicability of the existing MAb therapy and its future implications. We believe that Mab agents alone or with other
forms of treatment can be recognized as next modality of lung cancer treatment despite waiting for results of
ongoing phase 11/111 clinical trials.
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INTRODUCTION locally advanced or metastatic disease, and only
Lung cancer is the most commonly about 25% of patients with NSCLC have early-stage,
diagnosed cancer as well as the leading cause of resectable disease. For patients with stage | or Il
cancer death. According to GLOBOCAN 2008 NSCLC, surgical resection is the treatment of choice
FAST STATS, Lung cancer accounts for 12.7% (1.6 and among these groups of patients; long-term
million) of the total cases and 18.2% (1.4 million) of survival is 60-80% or 40-50% of patients,
the deaths in 2008. In males, the highest lung cancer respectively (3; 4). For patients with stage 11, locally
incidence rates are in Eastern and Southern Europe, advanced NSCLC or limited-stage SCLC, aggressive
North America and Eastern Asia, while rates are low chemotherapy plus radiotherapy can offer a cure in
in sub-Saharan Africa. In females, the highest lung 25% of patients with a 3 year survival period of 34%
cancer incidences are seen in North America, (5). Stage IV, or metastatic, NSCLC and extensive-
Northern Europe, and Australia/New Zealand. In stage SCLC is incurable in which chemotherapy can
Chinese male population lung cancer accounts for prolong survival and palliate symptoms. However use
21.7% (0.35 million) of the total cases of cancer and of these therapeutic strategies has lots of unwanted
the mortality rate is 24.9% (0.3 million) and in side effects and drawback. Chances of missing micro
female population the incidence rate is 14.3% (0.17 metastasis and recurrence are common problems
million) and the mortality rate is 20.2% (0.14 observed in operated patients, while chemotherapy,
million) (1).Lung cancer is categorized into two radiotherapy or concomitant chemo-radiotherapy for
major subtypes depending on their histological inoperable cases may not prevent recurrences.
feature, non-small cell (NSCLC) and small cell Recent advances in our understanding of
(SCLC). NSCLC constitutes 85% and SCLC 15% of the molecular biology in lung cancer have driven to
total cases of lung cancer (2). Both subtypes show novel therapeutic strategies targeting relevant
distinct biological behavior and genetic alterations. pathways that regulate the proliferation and/or
Mode of treatment is also different between these two progression of lung cancer. Several of these
types. Thus far, screening for lung cancer has not molecularly targeted therapies such as monoclonal
proven to be effective since no modality has been antibody (MADb) therapy alone or in combination with
shown to decrease mortality. Most patients with both conventional chemotherapy and /or radiotherapy has
SCLC and NSCLC present with symptoms of either now demonstrated significant clinical benefits in
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subsets of patients with lung cancer, leading to
increased overall survival (OS) rate, prolongation of
progression free survival (PFS) with expenses of few
or no drug related adverse effect (AE)s.
Bevacizumab, cetuximab, Ipilimumab etc are among
the wide range of MADbs with large number of data
suggesting improved survival in treating NSCLC
patients. Bevacizumab is the first such agent to show
promising clinical effect in NSCLC (6). The drug is
recently approved for use in NSCLC patients (7).
Following that different MAb are developed, some of
which have been approved for clinical use in
different tumors, some are undergoing clinical trials
and a lot are in the process of investigations.
This review basically focuses on the clinical
successes and the excitement generated from the
MADbs. The earliest clinically developed MAb for
treating NSCLC until the recently discovered MAb
agents will be summarized, along with their efficacy,
safely will also be discussed.
MONOCLONAL ANTIBODY THERAPY OF
LUNG CANCER

MAD recently received prompt attention for
treatment of different cancers, including NSCLC for
its potential to induce an inflammatory response
against a tumor. They act through activation of the
antibody dependent cytotoxicity (ADCC) pathway
and complement system, which ultimately leads to
different biological processes such as chemotaxis for
phagocytic cells and production of the membrane
attack complex. Furthermore ADCC, mediated by
monocytes, macrophages, NK cells and neutrophils,
is an important mechanism by which MAbs Kill
tumor cells (8, 9, 10). MAb are also said to inhibit
tumor cell proliferation and survival by blocking
ligand binding or growth factor receptor
dimerization,  thereby inhibiting  downstream
signaling (11). Conjugation of MAb therapy with
radionuclides or toxins, offers more therapeutic
approaches (12, 13; 14). Besides that, the
combination of antibodies with chemotherapy
enhances the activity of chemotherapy (15). The first
generation of therapeutic MAbs were of mouse origin
and with the progressive developments in
recombinant DNA and cloning techniques led to
discovery of Humanized MADb (16, 17).
Ipilimumab

Ipilimumab is a MAD, designed to target
cytotoxic T-lymphocyte antigen 4 (CTLA-4), which
inhibits T-cell activation; the blockage of CTLA-4
leads to an increased immune response against tumor
cells. The rationale of Ipilimumab as a targeted
therapy is based on the notion that blocking CTLA-4
may produce an increased immune response against
tumor cells (18). In addition to that, some studies
have suggested that combining chemotherapy with
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CTLA-4 antibody would promote tumor
immunogenicity along with sensitization of tumor
cells to lymphocyte killing (19, 20). Thus clinical
trials using Ipilimumab as MAb therapy in
melanoma, had shown significant results and have
been approved by the FDA for the treatment of
unresectable or metastatic melanoma in March
2011(21, 22).

Recently, a phase Il clinical study was
conducted to evaluate the efficacy or Ipilimumab in
stage I11B-1VV NSCLC patients. The study was double
blinded, randomized and enrolled 204 patients. The
patients were randomly assigned into 3 groups:
control, concurrent Ipilimumab and phased
Ipilimumab (1:1:1). All the enrolled patients received
standard chemotherapy  with  paclitaxel and
carboplatin for 6 cycles. Concurrent Ipilimumab
group received four doses of Ipilimumab (10 mg/kg)
plus chemotherapy followed by two doses of placebo
plus chemotherapy and phased Ipilimumab group
received two doses of placebo plus chemotherapy
followed by four doses of Ipilimumab (10 mg/kg)
plus chemotherapy. Control group received six doses
of placebo with chemotherapy. Treatment was
administered intravenously every 3 weeks for < 18
weeks as induction therapy (along  with
chemotherapy cycles). Eligible patients continued
Ipilimumab or placebo every 12 weeks as
maintenance therapy. Immune related (ir) response
criteria and WHO criteria were considered for
evaluation. The results observed were in favor of
phased Ipilimumab group. Phased Ipilimumab group
had improved irPFS compared with the control
group, no significant improvement was observed in
the concurrent Ipilimumab group. Similarly
significant improvement was seen in median irPFS
and median PFS as well (phased Ipilimumab,
concurrent Ipilimumab, and control group had irPFS
of 5.7, 5.5, and 4.6 months, respectively, median PFS
of 5.1, 4.1, and 4.2 months, respectively). Phased
Ipilimumab group showed significantly improvement
in median OS of 12.2 compared to 9.7 and 8.3
months of concurrent Ipilimumab and control group
respectively. The overall incidence of treatment
related grade 3 and 4 AEs were almost similar among
all groups (control, concurrent and phased AEs of
37%, 41%, and 39% respectively) (23). The rationale
of comparing the concurrent and the phased schedule
for the initiation of Ipilimumab therapy is based on
the notion that the most appropriate timing of the
Ipilimumab addition is not clear. The concurrent
schedule may give Ipilimumab the opportunity to be
present at the earliest phase of CT induced tumor
necrosis; whereas the phased schedule is thought to
contribute a CTLA-4 blockade after the occurrence of
tumor necrosis to activate the immune response (24).
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The productive result of this phase Il clinical
trial supported the initiation of phase Il clinical trial
of Ipilimumab in SCLC, which will enroll 920
patients of stage IV or recurrent NSCLC (squamous).
This trial had excluded patients with brain metastasis
and immune disorder. The trial is estimated to
complete in June 2016. The patients will be randomly
assigned to two groups (study and control). Study
group will receive standard chemotherapy with
paclitaxel and carboplatin for 6 cycles along with the
Ipilimumab, whereas control group with receive
standard chemotherapy along with placebo. Dosage
form of Ipilimumab mentioned in this trial is
different than what was seen in earlier mentioned
phase 11 trial. 1V solution of 10 mg/kg of Ipilimumab
over a period 90 minute infusion will be injected to
patients once every 3 weeks for 4 doses and then
every 12 weeks beginning at week 24 along with 6
doses of standard chemotherapy with paclitaxel and
carboplatin for 6 cycles. Despite of better responses
observed with phased Ipilimumab, the ongoing trial
has modified the dosage form. The primary measure
considered is OS and the secondary measured are
PFS and best overall response rate (clinicaltrials.gov,
identifier: NCT01285609). Beside this trial, a phase 1
trial is conducted to evaluate the increment in the
number of patients with detectable circulating T cells
with specificities against tumor associated antigens
after combination of neoadjuvant plus Ipilimumab
(clinicaltrials.gov, identifier: NCT01820754).
Bevacizumab

Bevacizumab belongs to MADb therapy,
which is directed to act against Vascular Endothelial
Growth factor (VEGF) thus inhibiting angiogenesis,
thereby impeding tumor growth and survival (25;
26). VEGEF is the single most commonly upregulated
angiogenic factor in both grafted and naturally
occurring tumors, thus is considered as a prime target
for antivascular therapy (27). The therapy is already
approved by the FDA for treatment of various cancer
including advanced stage lung cancer patients in
combination with chemotherapy (7). Cui et al.
performed a metanalysis and showed that

Bevacizumab as a adjuvant therapy with
chemotherapy had significant improvement in
response rate (RR), PFS, and OS among

chemotherapy-nawe patients compared to other
targeted drugs in the treatment of NSCLC patients
(28).Similarly, lots of clinical trials (phase I1/111)
suggested the efficacy of Bevacizumab in lung
cancer. In a recent phase Il clinical study, efficacy
and safety of Bevacizumab was demonstrated in 180
patients (Japanese population) with stage I1B/IV or
recurrent NSCLC. The patients were randomly
assigned to receive chemotherapy (cabroplatin-
paclitaxel) with bevacizumb or chemotherapy alone
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in a ratio of 3:1. The result revealed hazard ratio of
0.61 for PFS of chemotherapy with Bevacizumab
group versus chemotherapy alone (p=0.0090; median
6.9 wversus 5.9 months). Chemotherapy with
bevacizumb had higher objective response (OR) than
that of chemotherapy alone (60.7% versus 31.0%).
Median OS was more than 22 months for both the
groups (25). A study was conducted to assess the
efficacy and safety of Bevacizumab combined with
platinum-based chemotherapy as first-line treatment
in Asian patients with advanced NSCLC. The
patients were randomized to receive Bevacizumab
7.5 mg/kg, Bevacizumab 15 mg/kg or placebo along
with cisplatin and gemcitabine. Total patents enrolled
were 1043 enrolled, among them 105 were asian and
were included in the subgroup analysis. The study
revealed Bevacizumab at a dose of 7.5 mg/kg
improves the duration of OS when combined with
cisplatin-gemcitabine in asian patients. This study
showed the therapy was well tolerated (26). A study
conducted in elderly patients (age more than 70
years) of advanced stage NSCLC, revealed higher
response rate (RR) and higher PFS in patients treated
with  Bevacizumab  in  combination  with
chemotherapy than those treated with chemotherapy
alone (29). To evaluate the safely profile of the
Bevacizumab, a group of researchers, performed sub
analysis of data from SAIL. SAIL is a single-arm
phase IV study, was conducted to evaluate the
Bevacizumab in routine oncology practice. 2212
patients were evaluated; bleeding AEs (any grade)
occurred in 38.2% of patients. But in majority of
cases, bleeding episodes were resolved or improved
(88.6%) (30). Despite these promising outcomes, this
highly anticipated drug failed to show efficacy in
some studies. Old aged patients did not benefit with
addition of Bevacizumab (29). In the phase Il
AVAIL trial, addition of Bevacizumab with cisplatin
and gemcitabine did not show any survival benefit
compared to treatment with only cisplatin and
gemcitabine (31). Further this study was confined to
patients with non squamous NSCLC.

A different approach to access the efficacy
of Bevacizumab in 600 patients is being undertaken
in a phase I11B randomized study. The aim of the
study is to evaluate the continuation of Bevacizumab
beyond disease progression in patients with advanced
non-squamous NSCLC after first-line treatment with
Bevacizumab plus platinum-based chemotherapy.
Patients with advanced non-squamous NSCLC whose
disease has progressed after 4-6 cycles of first-line
treatment with Bevacizumab plus a platinum-based
doublet and a minimum of two cycles of
Bevacizumab are enrolled for study. They are
randomly categorized in 2 arms; arm 1 will receive
Bevacizumab 7.5 or 15 mg/kg intravenously on day
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1, every 21 days along with second-line therapy
(limited to pemetrexed, docetaxel, or erlotinib) and
subsequent lines of treatment. Patients belonging to
arm 2 will receive investigator's choice of agents
alone indicated for use in second-line therapy and
subsequent lines of treatment, but no further
Bevacizumab treatment. The primary endpoint of this
study is OS. Secondary endpoints include the 6-
month, 12-month, and 18-month OS rates, PFS, and
time to progression at second and third progressive
disease (PD), response rate (RR), disease control
rates, and duration of response at second and third
PD. The study is expected to complete in September
2015 (clinicaltrials.gov, identifier: NCT01351415).
Cetuximab

Cetuximab is a chimeric human-mouse
anti-EGF receptor monoclonal antibody that binds
competitively and with high affinity to the EGFR.
Binding of the antibody to the EGFR prevents
stimulation of the receptor by endogenous ligands
and results in inhibition of cell proliferation,
enhanced apoptosis, and reduced angiogenesis,
invasiveness and metastasis. Binding of cetuximab to
the receptor also results in internalization of the
antibody-receptor complex which leads to an overall
downregulation of EGFR expression (32, 33).
Cetuximab has shown good clinical outcome in
treating patients with advanced stage NSCLC(34).

In a phase Il study, the efficacy of
cetuximab in combination with chemotherapy as
first-line treatment of advanced NSCLC was
evaluated in 676 patients. This was multicenter,
open-label study. The patients were randomly
assigned to cetuximab with chemotherapy or
chemotherapy alone group. Chemotherapy included
paclitaxel or docetaxel and carboplatin. Cetuximab
400 mg/m? was injected on day 1 of week 1 followed
by weekly doses of 250 mg/m% The result
demonstrated Median PFS was 4.40 months with
cetuximab and chemotherapy versus 4.24 months
with chemotherapy. For cetuximab patients Median
OS and over all RR were 9.69 months and 25.7%
respectively, while those for chemotherapy alone
group were 8.38 months and 17.2% respectively. The
regime combination was well tolerated (35). A phase
Il clinical study also favored use of cetuximab. In this
study, the efficacy of cetuximab was evaluated in
combination with chemo-radiotherapy in
unresectable stage 1l NSCLC patients. Median
follow-up was 21.6 months. Response rate was 62%,
median survival was 22.7 months, and 24-month OS
was 49.3%. Adverse reactions observed were
hematologic toxicities, esophagitis, pneumonitis etc.
Majority of patients had hematologic toxicities (20%)
(36). In a recent study, the efficacy and safety of the
addition of cetuximab to first line chemotherapy with
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carboplatin and docetaxel in patients with advanced
NSCLC was evaluated. The result revealed the 1-year
rates for PFS and OS were 11.2% and 64.4%,
respectively. Median PFS was 4.8 months and
median OS 12.9 months. Adverse events were mainly
grades 1-2, mainly skin toxicity, dyspnea and anemia
(37).

Lots of clinical trials of Cetuximab are in
progress. A phase Il trial is on operation to study the
association of Cetuximab plus premetrexed in
combination with concurrent radiotherapy. The study
will enroll 100 patients with unresected stage IlI
NSCLC. The primary goal of the study is to assess
disease control rate and OS (clinicaltrials.gov,
identifier: NCT01102231). Furthermore a phase IlI
clinical study is in progress to assess the combined
effect of 2 MAbs; Bevacizumab plus cetuximab
treating patients with stage IV or recurrent NSCLC.
The study will enroll 1546 patients. The patients will
be randomized to receive Bevacizumab plus
cetuximab with chemotherapy or Bevacizumab with
chemotherapy. OS and PFS will be the primary aim.
The study is scheduled to complete in June
2012(clinicaltrials.gov, identifier: NCT00946712)
Necitumumab

Necitumumab is a fully human
immunoglobulin G, subclass 1 MAb targeting the
EGFR, engineered to bind to the EGFR with high
affinity and block the binding of relevant EGFR.
Necitumumab neutralizes ligand-induced EGFR
phosphorylation; blocking signaling pathways in
multiple tumor cell lines, and thus inhibiting or
degrading proliferation of EGFR-dependent tumor
cells. In addition, this MAb is expected to result in a
decreased potential for hypersensitivity and increased
potential to mediate efficient ADCC by human
peripheral blood mononuclear cells to EGFR-
expressing cancer cells. The antitumor effect of
Necitumumab is established in many human
xenograft tumor models, and potentiates the
antitumor effects of irinotecan and oxaliplatin in a
panel of colorectal cancer models (38, 39). In
addition, Necitumumab induces potent ADCC
against NSCLC tumor cells. Patel et al. reported that,
cetuximab elicits similar ADCC against EGFR
expressing tumor cells as compared to Necitumumab
(40). Infact most of the authors believe that the
antitumor effects of Necitumumab in preclinical
studies were either comparable with or superior to
those observed with cetuximab.

The Phase | clinical trial of Necitumumab
evaluated pharmaco-kinetics and preliminary anti-
tumor activity of the agent in 60 patients with
advanced solid malignancies, including NSCLC (39).
Neci-tumumab was administered intravenously in flat
doses of 100, 200, 400, 600, 800 and 1000 mg. The
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study suggested that Necitumumab is associated with
preliminary evidence of antitumor activity, and
achieves  biologically relevant  concentrations
throughout the dosing period. The recommended
dose of Necitumumab for further clinical study is 800
mg (flat dose) weekly or every 2 weeks (39).

At present, the efficacy of Necitumumab is
being evaluated in 2 different phase Il clinical trials.
In a randomized, multicenter, open-label phase 3,
Necitumumab in combination with gemcitabine-
cisplatin chemotherapy as first-line treatment of
patients with stage IV squamous NSCLC is being
studied. The trials will include 1097 patients. All the
patients will be randomized on a 1:1 basis to receive
first-line Necitumumab plus chemotherapy consisting
of gemcitabine and cisplatin in study group, or
gemcitabine-cisplatin ~ chemotherapy  alone in
compare group. The dose of Necitumumab is 800 mg
I.V. infusion on Days 1 and 8 of every 3 week cycle,
as suggested by phase | study (39). The primary goal
of study is OS along with PFS, ORR, and time to
treatment  failure  (clinicaltrials.gov, identifier:
NCT00981058). The study is estimated to complete
on December 2014. In a different randomized,
multicenter, open-label phase Il clinical trial, the
drug of study i.e. Necitumumab is evaluated in
combination with Pemetrexed-Cisplatin, caomparing
to Pemetrexed-Cisplatin alone. The study will enroll
634 Patients with Stage 1V Nonsquamous NSCLC.
The anti-tumor efficacy of Necitumumab will be
evaluated as first line therapy. OS is the primary goal
of the study and PFS, ORR, and time to treatment
failure remain the secondary aim. The study is
expected to complete on December
2013(clinicaltrials.gov, identifier: NCT00982111).
Racotumomab

Racotumomab also known as 1E10 is an
anti-idiotype MAb designed to mimic the NeuGc-
GM3 ganglioside. This monoclonal antibody (mAD)
is an Ab2-type-antibody which recognizes the Abl
antibody called P3; the latter is a monoclonal
antibody that reacts specifically with gangliosides.
Gangliosides are a  broad family  of
glycosphingolipids found on the outer cell
membrane, involved in cell communication,
regulation of the immune response, and cancer
progression (41, 42). NeuGcGM3 has been described
as a tumor antigen for non-small cell lung cancer
(NSCLC) in humans (43, 44). So it is hypothesized
that targeting NeuGcGM3 gangliosides
Racotumomab would prolong the survival of patients
with lung cancer. Because of being anti-idiotype
antibodies is a useful strategy to elicit an immune
response toward a ganglioside and also is used as
vaccine despite being a MAb, making this therapy
superior to other MAb. This MAb is found to induce
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tumor apoptosis and antiangiogenic effects in a
metastatic lung carcinoma (45) and when combined
with other therapeutic modality, is expected to
potentiate the therapeutic effect (46, 47).

In a phase | clinical trials enrolling patients
in small cell lung cancer, efficacy and safelty profile
of Racotumomab were analyzed. The result showed
prolonged survival with no major side effects (48).
Similarly phase | study of Racotumomab in NSCLC
patients (34 stage Illb and 37 stage IV) were
conducted. All the patients were treated with
Racotumomab vaccine, after being treated standard
chemotherapy and radiotherapy. Racotumomab
vaccine was injected at dose of 1 mg bi-weekly for 5
times then, other 10 (1mg) doses at 28-day intervals
and patients showing good performance status
continuously received injection of 1mg at 28-day
intervals. No evidence of unwanted side effects was
observed (49).

Currently a phase Ill, randomized, open
label, parallel-group, multicenter study is conducted
to evaluate the efficacy and safety of racotumomab
plus best supportive care versus best supportive care
in patients with advanced NSCLC. The study will
enroll 1082 patients who have achieved an OR
(Partial or Complete Response) or SD with standard
first-line treatment. The study will also evaluate
immunological parameters such as IgM and I1gG
antibody titers against N-Glycolil-GM3 ganglioside,
IFN-y, Treg cell, reactivity of the antibodies against
the patients tumoral tissue, pro-inflammatory and
anti-inflammatory cytokines etc. The study is
scheduled to complete by September 2015
(clinicaltrials.gov, identifier: NCT01460472).
Nivolumab

Nivolumab also widely known as BMS-
936558 is MAb targeted to inhibit or suppress
Programmed Death (PD)-1 pathway. The PD-1
pathway is also an important regulator of T-cell
activation. The PD-1 receptor binds with its ligand
(PD-L1/B7-H1), causing T-cell inhibition and
downregulation of T-cell responses (50). This
pathway is one specifically co-opted by tumors
through tumor expression of PD-L1 on the cell
surface. This allows tumors to directly suppress
antitumor cytolytic T-cell activity, known as adaptive
resistance (51). Blocking this binding by blocking
PD-1 or PD-L1 via monoclonal antibodies causes
augmentation of the T-cell response (52).

In a Phase Ib study, the antitumor activity
and safety of BMS-936558 was assessed in advanced
cancer. The study enrolled 296 patients, including
patients with NSCLC. All patients with NSCLC were
randomly assigned to 1, 3, and 10 mg/kg to include
equal numbers of squamous and nonsquamous cell
histology at each dose level. Among NSCLC patients
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18 % cumulative response rates was observed where
as sugamous variety had 33% OR. Common
treatment-related adverse events included fatigue,
rash, diarrhea, pruritis, decreased appetite, and
nausea with grade 3 or 4 treatment-related adverse
events (14%) and drug-related serious adverse events
(11%) (53). Currently lots of phase Il and phase IlI
clinical trials are recruiting patients to evaluate the
efficacy of nivolumab in patients with NSCLC and
also evaluate the safety profile of the drug. Single-
Arm Phase Il Study of nivolumab is designed
enrolling 100 patients with advanced or metastatic
squamous cell NSCLC who have received at least
two prior systemic regimens. The study is estimated
to complete on February 2014 and the primary goal is
to evaluate the ORR (clinicaltrials.gov, identifier:
NCT01721759). With a view to evaluate the efficacy
of nivolumab in a different approach an open-label
randomized phase Il trial of nivolumab versus
docetaxel in previously treated advanced or
metastatic non-squamous cell NSCLC, enrolling 574
patients is under operation. The primary goal of the
trial is to study OR and PFS and the study will
complete on November 2014 (clinicaltrials.gov,
identifier: NCT01673867).
BMS-936559

BMS-936559 is the first anti-PD-L1
monoclonal antibody. The significance of blocking
PD-L1 pathway has been discussed in previous
section. A multicenter phase | trial was conducted to
evaluate the efficacy of BMS-936559. The study
enrolled 207 patients with advanced cancer among
with 75 were NSCLC. The drug was administered
intravenously at escalating doses ranging from 0.3 to
10 mg per kilogram of body weight to patients, every
14 days in 6-week cycles for up to 16 cycles or until
the patient had a complete response or confirmed
disease progression. Treatment related grade 3-4 side
effects were 9%. 5 of 49 (10 %) with NSCLC had
objective response. Tumor response was seen in
squamous (1/13 patients, 8%) and non-squamous (4/
36 patients, 11%) variety. An additional six patients
(12%) had stable disease for at least 6 months (54).
To our knowledge, this MAD is not included in any
clinical trials.

Discussion

Data and result of clinical trials are
promising and encouraging. Bevacizumab and
cetuximab, in large no of studies, have demonstrated
a potential to improve RR or OS of patients with
NSCLC; when they were added to a chemotherapy
regimen (25, 28, 35, 36). In a report by Ribas, the
efficacies of anti-PD-1 antibody and anti-PD-L1
antibody have been highlighted quoting that widely
applicable immunotherapy agents have broken the
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ceiling of durable tumor response rates of 10 to 15%
(the highest rate of antitumor activity of the many
immunotherapy approaches tested in the clinic for the
treatment of cancer during the past 30 years)( 55).
However, these MAb along with high efficacy in
eliminating tumor also carries some AEs. Drug
related AE’s are special concern. Recently, some
authors have reported immune related AE’s in
patients being treated with ipilimumab (21). In a
recently study, combination of Bevacizumab and
erlotinib in combination with first-line chemotherapy,
followed by Bevacizumab and erlotinib monotherapy
as maintenance had shown survival benefit compared
to therapy only with chemotherapy. Further,
combinational therapy with Bevacizumab and
erlotinib had better safely profile compared to
Bevacizumab and erlotinib taken individually (56).
A meta-analysis comprising five studies including
2,100 patients showed erlotinib in combination with
other targeted therapy had better ORR and disease
control rate compared to erlotinib alone. Also no
significant differences were observed in relation to
adverse effects (57). These studies advocate that
combining 2 or more MAbs would potentiate the
therapeutic efficacy of the drug with minimizing the
AEs.

Technical questions are not answered.
Defining the optimal dose and timing of
administration of MADb is still a major problem. For
example, in case of Ipilimumab, the result observed
in phase Il clinical trials showed different efficacy
with change in timing of administration of
Ipilimumab (Phased Ipilimumab effective than
concurrent Ipilimumab) (24). So modifications in
clinical trials are urgently needed to formulate the
optimum dose and exact time of administration.
Again most of the clinical trials conducted in lung
cancer, enrolls advanced stage NSCLC patients. But
most of the clinicians and researchers, they do
believe that early staged resected lung cancer patients
are good candidate for MAb. So refinement in
clinical trials are needed to include patients of early
stage (I-11). Further, some immune related markers
along with conventional prognostic modalities (e.g.
radiology) should be developed to assess the efficacy
of therapy. Some study included immune markers as
in Ipilimumab study ( irPFS evaluation) ,
immunological parameters detection in racotumomab
study (such as IgM and 1gG antibody titers against N-
Glycolil-GM3 ganglioside, IFN-y, Treg cell) which
also need further development.

Despite these limitations, some had shown
encouraging response in NSCLC. With positive
results of ongoing phase Il clinical trials, in next 5
years, more effective MAbs will be available for
patients and their treating oncologist to treat patients
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with NSCLC. Not a single treatment modality but in
combination therapy including use of either single
MADb or combination of 2 or more MAbs with
conventional therapy (surgery, chemotherapy and
radiotherapy) should be enough to experience some
progress in management of patients with NSCLC.
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