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Abstract: Non-small cell lung cancer (NSCLC) accounts for 85% of
the cases of lung cancer in the United States, and 70% of patients
with NSCLC have locally advanced or metastatic disease at the
time of diagnosis. The 5-year overall survival rate for patients with
locally advanced NSCLC is 15% to 20%. The traditional treatment
paradigm for unresectable locally advanced NSCLC consists of
platinum-based chemotherapy with concurrent radiation. Evidence
from phase 3 clinical trials has established a role for immunothera-
py after chemoradiation, and emerging data continue to elucidate

the expanding role of immunotherapy.

Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of cancer-
related mortality, accounting for 85% of all lung cancer cases in the
United States." Nearly 70% of patients who have NSCLC present
with locally advanced or metastatic disease at the time of diagnosis.'
Curative treatment for stage III or locally advanced NSCLC (LA-
NSCLC) varies according to the extent of nodal involvement; com-
binations of chemotherapy, radiation therapy, and surgery are used.?
Patients with unresectable LA-NSCLC often receive platinum-based
chemotherapy with concurrent radiation therapy.? Even with such
aggressive management, the 5-year overall survival (OS) rate remains
at 15% to 20%.% Treatment modifications, such as the introduc-
tion of consolidation or maintenance chemotherapy or escalation
of the radiation dose, have not been shown to improve oncologic
outcomes in clinical trials.”® The phase 3 SWOG S0023 trial (Phase
III Trial of Maintenance Gefitinib or Placebo After Concurrent
Chemoradiotherapy and Docetaxel Consolidation in Inoperable
Stage III Non-Small-Cell Lung Cancer) was terminated after the
use of gefitinib (Iressa, AstraZeneca), an epidermal growth factor
receptor (EGFR) inhibitor, as maintenance therapy following defini-
tive chemoradiation in patients with unresectable stage III NSCLC
was found to result in worse survival.” However, recent advances in
immunotherapy have led to paradigm changes in the treatment of

212 Clinical Advances in Hematology & Oncology Volume 18, Issue 4 April 2020



EMERGING ROLE OF IMMUNOTHERAPY IN LOCALLY ADVANCED NSCLC

LA-NSCLC that are associated with improvements in
survival and disease control.®

Early Trials

One of the earliest phase 3 trials that evaluated the role of
immunotherapy in LA-NSCLC was START (Cancer Vac-
cine Study for Unresectable Stage IIT Non-small Cell Lung
Cancer).’ Eligible patients for this trial included those with
unresectable stage III NSCLC who had stable or reduced
disease following concurrent or sequential chemoradia-
tion (CRT). Participants were randomly assigned in a 2:1
ratio to receive tecemotide (L-BLP25) or placebo. The
drug tecemotide induces an immune response to mucin 1
(MUC1), a glycoprotein that is abnormally glycosylated in
NSCLC. The START trial showed a statistically significant
improvement in OS with tecemotide vs placebo in the
patients who had previously received concurrent CRT
(30.8 vs 20.6 months; P=.016), but not in those who had
previously received sequential CRT. The rates of pneumo-
nitis did not differ between the study groups. The START
trial was not separately powered to detect survival differ-
ences in the concurrent CRT cohort as part of the statisti-
cal design. Furthermore, uncertainty remains regarding
patient selection, and whether the patients who were
offered concurrent CRT had a better performance status
at the onset of treatment. For such reasons, the apparent
benefit of tecemotide did not translate into approval by the
US Food and Drug Administration (FDA), and further
development was suspended.

Additional immunotherapeutic agents have since
been introduced for the treatment of LA-NSCLC.
Immune checkpoint inhibitors constitute a novel class
of drugs that counteract the mechanisms used by cancer
cells to inactivate and evade the immune system.'® These
agents are antibodies against inhibitory receptors that
are normally activated by cancer cells.!! By interfering
with the tumor-mediated inactivation of T cells, check-
point inhibitors allow the immune system to mount an
adequate response against tumor cells.!!

Immunotherapy Agents

The first immune checkpoint inhibitor approved by the
FDA was ipilimumab (Yervoy, Bristol-Myers Squibb),
an antibody against cytotoxic T-lymphocyte—associated
antigen 4 (CTLA-4), for the treatment of metastatic
melanoma.'? CTLA-4 is a ligand expressed by activated
T cells that is homologous in structure to the co-stimu-
latory molecule cluster of differentiation 28 (CD28)."
CTLA-4 competes with CD28 for binding to B7 ligands
on antigen-presenting cells (APCs). Whereas CD28/B7
interactions stimulate T-cell activity, CTLA-4/B7 inter-
actions inhibit T-cell activity.® Following FDA approval

of ipilimumab, immune checkpoint inhibitors targeting
the programmed death 1 (PD-1) inhibitory pathway
were developed.' PD-1 expressed on activated T cells
interacts with widely expressed programed death ligand
1 (PD-L1) and programmed death ligand 2 (PD-L2),
thus inhibiting T-cell proliferation and the production
of cytokines.”” Antibodies involving the PD-1 pathway
have shown promise in the treatment of multiple can-
cers, including melanoma, prostate carcinoma, colorectal
carcinoma, renal cell carcinoma, and NSCLC, for which
they have garnered FDA approvals.'®"”

In the last decade, several novel immunotherapeutic
agents have demonstrated benefit in the management of
LA-NSCLC. This article reviews the role of immuno-
therapy in the treatment of LA-NSCLC, according to
the current evidence. The clinical trials discussed in this
review are summarized in the Table.

Role of Immunotherapy After Chemoradiation

Several studies have shown promise for immunotherapy
following concurrent CRT in patients with unresectable
stage III LA-NSCLC. The PACIFIC trial (A Global Study
to Assess the Effects of MEDI4736 Following Concurrent
Chemoradiation in Patients With Stage III Unresectable
Non-Small Cell Lung Cancer) reported encouraging
phase 3 data on the use of the anti-PD-L1 antibody dur-
valumab (Imfinzi, AstraZeneca) in this context.
PACIFIC was one of the first studies to demonstrate
improved outcomes in patients with LA-NSCLC who
received an immune checkpoint inhibitor."®" In this
phase 3 trial, patients with stage III unresectable NSCLC
were randomly assigned in a 2:1 ratio to receive either
durvalumab (a PD-L1 inhibitor) or placebo as consolida-
tion therapy every 2 weeks for as long as 1 year. The study
population consisted of 713 patients who had received
cisplatin-based chemotherapy with concurrent radia-
tion to 66 Gy and had no disease progression following
treatment. Progression-free survival (PES), the primary
endpoint, was significantly longer in the durvalumab
group than in the placebo group (median PFS, 16.8 vs 5.6
months; P<.001). In addition, the co-primary endpoint
of OS rate was subsequently found to be significantly
higher in the durvalumab group than in the placebo
group (24-month OS, 66.3% vs 55.6%; 2-sided P=.005).
Notably, PFS enhancement was greater when durvalumab
was initiated within 2 weeks after radiation (hazard ratio
[HR], 0.39; 95% CI, 0.26-0.58) vs more than 2 weeks
after radiation (HR, 0.63; 95% CI, 0.49-0.80). In this
trial, durvalumab did not appear to increase the incidence
of grade 3 or grade 4 pneumonitis; the rates were similar
in the 2 study groups (3.4% in the durvalumab group
vs 2.6% in the placebo group). A secondary analysis
of the PACIFIC trial reported no clinically significant
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Table. Summary of Clinical Trials Using Immunotherapy for Stage III NSCLC

Clinical Trial ‘ Phase ‘ IT Agent Used ‘ Disease Stage Treatment Arms Results (If Available)
Sequential IT After CRT
PACIFIC!® 3 Durvalumab Stage IIT unresectable | CRT =2 IT; PES 16.8 mo (IT)
LA-NSCLC CRT -> placebo vs 5.6 mo (placebo),
P<.001
LUN 14-179% 2 Pembrolizumab | Stage IIIA-B unresect- | CRT = IT; CRT 2> Primary endpoint not
able LA-NSCLC placebo reached
MP-LALC 2 Pembrolizumab | Stage IIIA-B unresect- | CRT = IT; CRT =
(NCT03379441) able LA-NSCLC observation
RTOG 3505* 3 Nivolumab Stage IITA-B unresect- | CRT - IT; CRT > Terminated
able LA-NSCLC placebo
Concurrent IT With CRT
DETERRED?* 2 Atezolizumab Stage IIT unresectable | CRT = IT; CRT + IT
LA-NSCLC 2>IT
NICOLAS* 2 Nivolumab Stage IIIA-B unresect- | CRT + IT = IT (single
able LA-NSCLC arm)
PACIFIC2% 3 Durvalumab Stage IIIA-B unresect- | IT + CRT = IT; placebo
able LA-ANSCLC + CRT - placebo
Rutgers Cancer 1 Pembrolizumab | Stage II or III unre- CRT - full- or reduced- | Median PES: 20.3 mo
Institute of New sectable LA-NSCLC dose I'T; CRT + full- or
Jersey” reduced-dose IT
Neoadjuvant IT
Alliance 2 Atezolizumab Stage IITA-B unresect- | IT - CRT - IT (single
(NCT03102242) able LA-NSCLC arm)
IT After CRT With Curative Resection
Samsung Medical 2 Pembrolizumab | Stage IIIA-N2 CRT = resection 2 IT
Center? NSCLC
CRT, chemoradiation; I'T, immunotherapy; LA-NSCLC, locally advanced non-small cell lung cancer; mo, months; PES, progression-free survival.

differences between patient-reported outcomes in the
experimental and placebo groups.?’ In subgroup analyses
of the PACIFIC trial, patients with PD-L1 expression of
less than 25% and those with the EGFR mutation did
not derive significant benefit from treatment with dur-
valumab vs placebo.

A similar study conducted by the Hoosier Cancer
Research Network, LUN 14-179 (Consolidation Pem-
brolizumab Following Chemoradiation in Patients With
Inoperable/Unresectable Stage III NSCLC), reported
phase 2 data on patients who had stage IIIA or IIIB
unresectable NSCLC  treated with pembrolizumab
(Keytruda, Merck) after concurrent CRT.?! Following
the completion of platinum-based chemotherapy with
concurrent radiation to 66 Gy, 93 patients received
consolidation pembrolizumab every 3 weeks for up to 1

year. The primary endpoint, time to metastatic disease or
death, was not reached. Secondary endpoints included
OS rate (1-year OS rate, 80.5%; 2-year OS rate, 68.7%)
and PFS (median PFS, 15.4 months). These results
appear similar to those observed in the durvalumab arm
of the PACIFIC trial. In this study, pneumonitis of grade
2 or higher developed in 17.2% of patients and grade 3
or 4 pneumonitis in 5.4%, with 1 pneumonitis-related
death.?’ A similar multicenter study from Italy, MP-
LALC (A Randomized Phase II Study of Pembrolizumab
as Maintenance Therapy in Patients With Unresectable
Stage III NSCLC Treated With Definitive Chemo-radio-
therapy), is underway to evaluate the safety and efficacy of
pembrolizumab as maintenance therapy in patients with
stage III unresectable LA-NSCLC (NCT03379441).
The Radiation Therapy Oncology Group (RTOG)
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3505 study (Cisplatin and FEtoposide Plus Radiation
Followed by Nivolumab/Placebo for Locally Advanced
NSCLC) used the and-PD-1 antibody nivolumab
(Opdivo, Bristol-Myers Squibb).?* This phase 3 trial ran-
domly assigned patients with stage III unresectable NSCLC
who had received cisplatin- and etoposide-based chemo-
therapy with concurrent radiation to 60 Gy to receive
either nivolumab or placebo every 2 weeks for up to 1 year.
This trial was terminated in January 2019, however, fol-
lowing the results of the PACIFIC trial showing improved
outcomes in patients who received immunotherapy after
the completion of concurrent chemoradiation.

Role of Concurrent Immunotherapy and
Chemoradiation

In light of the promising results of consolidation immu-
notherapy following CRT, several studies have been
initiated to assess the safety and efficacy of concurrent
immunotherapy and CRT.

The DETERRED study (MPD1.3280A With Chemo-
radiation for Lung Cancer) was a single-institution phase
2 trial that assessed the safety and feasibility of adding the
anti-PD-L1 antibody atezolizumab (Tecentriq, Genen-
tech) to CRT either sequentially or concurrently.”** In
this trial, 10 patients received sequential immunotherapy
in which CRT was followed by atezolizumab plus car-
boplatin/paclitaxel (C/P) for 2 cycles, and 30 patients
received concurrent CRT and atezolizumab followed by
consolidation atezolizumab plus C/P. Atezolizumab was
administered every 3 weeks for up to 1 year after the first
dose. Adverse effects of grade 3 or higher were seen in 6 of
the 10 patients treated with sequential CRT and atezoli-
zumab; these included pneumonia, dyspnea, arthralgia,
and a grade 5 tracheoesophageal fistula. Among the 30
patients treated with concurrent CRT and atezolizumab,
followed by consolidation atezolizumab, grade 3 or higher
adverse events developed in 17; the most common was
pneumonia, followed by dyspnea, fatigue, and heart fail-
ure. Atezolizumab was discontinued in 3 of these patients
owing to grade 2 or grade 3 radiation pneumonitis. Given
the toxicity seen with the concurrent administration of
atezolizumab and chemoradiation, other immunotherapy
agents are being investigated in this setting.

The NICOLAS trial (Nivolumab Combination With
Standard First-line Chemotherapy and Radiotherapy in
Locally Advanced Stage IIIA/B Non-Small Cell Lung
Carcinoma) was a phase 2 single-arm study to evaluate the
safety and efficacy of concurrent nivolumab and CRT.»
Patients with stage III LA-NSCLC received 3 cycles of
platinum-based chemotherapy and concurrent radiation
to 66 Gy in 33 fractions. Nivolumab was started concur-
rently with radiation therapy. The primary outcome was
the rate of 6-month post-radiation pneumonitis of grade

3 or higher. In an early analysis involving 21 patients,
none was found to have grade 3 or higher pneumonitis.
An eficacy evaluation is planned in this cohort given the
early safety conclusion of the study.

The PACIFIC2 trial (Study of Durvalumab Given
With Chemoradiation Therapy in Patients With Unre-
sectable Non-Small Cell Lung Cancer) is an ongoing
phase 3 multi-institutional trial aimed at assessing the
efficacy of administering concurrent durvalumab and
platinum-based chemotherapy in patients with stage
III LA-NSCLC.*® As of February 5, 2020, the study
has enrolled 328 participants, who are being randomly
assigned in a 2:1 ratio to receive either durvalumab
(1500 mg intravenously [IV]) or placebo every 4 weeks
with concurrent CRT. At the conclusion of standard-of-
care CRT, patients in the experimental arm who have
stable disease, a partial response, or a complete response
will continue on consolidative durvalumab, and those in
the placebo arm will continue on placebo. The primary
endpoints of this study are PES and the OS rate.

Jabbour and colleagues at the Rutgers Cancer Insti-
tute of New Jersey designed a prospective multicenter
trial to evaluate concurrent pembrolizumab and CRT
consisting of weekly C/P with definitive radiation therapy
to 60 Gy in 30 fractions.” In their phase 1 study, 23
subjects with inoperable stage III NSCLC were divided
into 5 cohorts based on dose. Cohort 1 (C1) received
full-dose pembrolizumab (200 mg IV every 3 weeks)
at 2 to 6 weeks after CRT; C2 received reduced-dose
pembrolizumab (100 mg IV every 3 weeks) from day 19;
C3 received full-dose pembrolizumab from day 29; C4
received reduced-dose pembrolizumab from day 1; and
C5 received full-dose pembrolizumab from day 1. The
study identified no dose-limiting toxicities in any of these
cohorts. Grade 3 or higher immune-related adverse events
occurred in 3 patients; these included pneumonitis and
interstitial nephritis. Grade 2 toxicities developed in a
small number of patients, including pneumonitis (n=4),
thyroiditis (n=4), and myositis (n-1), and grade 1 or 2
transaminitis developed in 3 patients. Median PFS in the
patients who received at least 2 doses of pembrolizumab
(n=18) was 20.3 months.

Role of Neoadjuvant Immunotherapy

The safety and efficacy of neoadjuvant immunotherapy
will be evaluated in a phase 2, single-arm Alliance trial
that is currently active and recruiting patients (Atezoli-
zumab Immunotherapy in Patients With Advanced
NSCLC; NCT03102242). Patients who have stage III
LA-NSCLC will be treated with 4 cycles of neoadjuvant
atezolizumab at a dose of 1200 mg IV every 21 days
and restaged following cycles 2 and 4. Patients with no
disease progression will receive weekly chemotherapy
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with C/P and concurrent radiation to 60 Gy. They
subsequently will receive 2 cycles of consolidative C/P
followed by atezolizumab to complete 1 year of treat-
ment. The primary endpoint of this pilot study is the
disease control rate after neoadjuvant atezolizumab. Sec-
ondary endpoints include the OS rate, PFS, safety, and
quality of life according to the European Organisation
for Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORTC QLQ-C30).

Role of Immunotherapy in Resectable
NSCLC

A number of clinical trials are currently investigating
the role of immunotherapy in early-stage NSCLC.?
The clinical efficacy of postoperative immunotherapy
for stage III NSCLC is being evaluated in a prospective,
single-arm phase 2 study.” In this trial, patients who have
stage IIIA-N2 NSCLC and have undergone concurrent
CRT (weekly C/P and radiation therapy to 44 Gy in 22
fractions) with curative resection will receive adjuvant
pembrolizumab at a fixed dose of 200 mg every 3 weeks
for up to 2 years or until disease recurrence. The primary
endpoint will be disease-free survival, with a statistical
goal of more than 20 months. Thus far, of 37 patients
treated in this trial, 14 patients have discontinued treat-
ment owing to disease progression (n=9), adverse events
(n=4), or consent withdrawal (n=1). Adverse events have
included grade 4 pneumonitis (n=1) and grade 3 autoim-
mune hepatitis (n=1), which have led to discontinuation,
as well as grade 1 or 2 hypothyroidism (n=6), pneumoni-

tis (n=5), and skin rash (n=3).
Immunotherapy vs Systemic Chemotherapy

No studies at the present time support the replacement
of systemic chemotherapy with immunotherapy in
patients who have LA-NSCLC. However, improved out-
comes for immunotherapy vs chemotherapy have been
demonstrated in patients with advanced or metastatic
NSCLC, particularly in those with high levels of PD-L1
expression. The phase 3 KEYNOTE-024 trial (Study of
Pembrolizumab Compared to Platinum-Based Chemo-
therapies in Participants With Metastatic Non-Small Cell
Lung Cancer) demonstrated improved OS in patients
who had previously untreated advanced NSCLC treated
with pembrolizumab vs chemotherapy and whose tumors
had PD-L1 expression of greater than 50%.%° The phase
3 KEYNOTE-042 trial (Study of Pembrolizumab Versus
Platinum-Based Chemotherapy for Participants With
Programmed Cell Death-Ligand 1-Positive Advanced or
Metastatic Non-Small Cell Lung Cancer) showed signifi-
cantly improved OS in patients with previously untreated
locally advanced or metastatic NSCLC and PD-L1

expression of 1% or greater treated with pembrolizumab
than in those treated with chemotherapy.®' The phase 3
IMpower110 study (A Study of Atezolizumab Compared
With a Platinum Agent + Pemetrexed or Gemcitabine
in Participants With Stage IV Non-Squamous or Squa-
mous Non-Small Cell Lung Cancer) is an active trial that
will compare atezolizumab vs chemotherapy in PD-L1—
selected, chemotherapy-naive patients who have advanced
NSCLC.*

The phase 1 ARCHON-1 trial (Accelerated Hypo-
fractionated or Conventionally Fractionated Radiotherapy
and Durvalumab in Treating Patients With Stage II-III
Non-small Cell Lung Cancer), which is being conducted
in patients with stage II/IIl NSCLC and PD-LI expres-
sion of at least 50%, is currently evaluating the safety of
adding durvalumab to 2 schedules of radiation therapy:
either a conventional schedule of 60 Gy in 30 fractions
or a hypofractionated regimen of 60 Gy in 15 fractions.

Practical Considerations

Immunotherapies show great potential to transform the
treatment paradigm of LA-NSCLC. The standard of
care for patients with stage IIT unresectable NSCLC who
do not exhibit disease progression after CRT remains
durvalumab at 10 mg/kg IV every 2 weeks for up to 12
months.* However, the implementation of immuno-
therapies faces certain challenges.

The aforementioned studies have largely supported
the safety and tolerability of various immunotherapies,
almost exclusively checkpoint inhibitors targeting PD-1
or PD-L1, and have demonstrated adverse effects com-
parable with those seen when chemotherapy is used.
However, grade 3 or higher pneumonitis is still a perva-
sive adverse effect across various types of immunotherapy
in a small percentage of patients. Because it is difficult
to attribute pneumonitis to radiation, immunotherapy,
or the combination of the 2 treatment modalities, it is
generally acceptable to use the term pneumonitis, without
specifying the cause.*

Additionally, immunotherapy poses several chal-
lenges in patients with pre-existing autoimmune diseases
and in transplant recipients on immunosuppressant
medications. Such patients have generally been excluded
from trials involving immunotherapeutic agents, and
retrospective studies have shown that autoimmunity can
be exacerbated by the use of immune checkpoint inhibi-
tors.>> A phase 1 clinical trial is underway to determine
the safety of nivolumab in patients who have autoim-
mune disorders and advanced, metastatic, or unresectable
malignancy with known sensitivity to PD-L1 antibodies
(Nivolumab in Treating Patients With Immune Disor-
ders or Advanced, Metastatic, or Unresectable Cancer;

NCT03816345). Immunotherapy is also challenging
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owing to tumor heterogeneity and the potential for the
development of resistance to drug treatment.” This dif-
ficulty has been demonstrated in patients with melanoma
in whom resistance to pembrolizumab developed.®

In evaluating the future role of immunotherapy in
the treatment of LA-NSCLC, it is also critical to con-
sider the importance of value-based oncology. Studies
are underway to evaluate this concern. For example, in
one systematic review of immune checkpoint inhibi-
tors, it was shown that careful patient selection based on
PD-L1 expression might enhance the cost-effectiveness
of immunotherapy.’

Disclosures
The authors have no disclosures to report.

References

1. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. Non-small cell lung
cancer: epidemiology, risk factors, treatment, and survivorship. Mayo Clin Proc.
2008;83(5):584-594.

2. Glatzer M, Elicin O, Ramella S, Nestle U, Putora PM. Radio(chemo)therapy
in locally advanced nonsmall cell lung cancer. Eur Respir Rev. 2016;25(139):65-70.
3. Eberhardt WE, De Ruysscher D, Weder W, et al. 2nd ESMO Consensus Con-
ference in Lung Cancer: locally advanced stage III non-small-cell lung cancer. Ann
Oncol. 2015;26(8):1573-1588.

4. Berman AT, Simone CB II. Immunotherapy in locally-advanced non-small
cell lung cancer: releasing the brakes on consolidation? Trans/ Lung Cancer Res.
2016;5(1):138-142.

5. Senan S, Brade A, Wang L-H, et al. PROCLAIM: randomized phase III trial of
pemetrexed-cisplatin or etoposide-cisplatin plus thoracic radiation therapy followed
by consolidation chemotherapy in locally advanced nonsquamous non-small-cell
lung cancer. J Clin Oncol. 2016;34(9):953-962.

6. Bradley JD, Paulus R, Komaki R, et al. Standard-dose versus high-dose conformal
radiotherapy with concurrent and consolidation carboplatin plus paclitaxel with or
without cetuximab for patients with stage IIIA or IIIB non-small-cell lung cancer
(RTOG 0617): a randomised, two-by-two factorial phase 3 study. Lancet Oncol.
2015;16(2):187-199.

7. Kelly TK

8. Robinson LA, Ruckdeschel JC, Wagner H Jr, Stevens CW, American College
of Chest Physicians. Treatment of non-small cell lung cancer-stage IIIA: ACCP
evidence-based clinical practice guidelines (2nd edition). Chesz. 2007;132(3
suppl):2435-265S.

9. Butts C, Socinski MAP, Mitchell PLMD, et al. Tecemotide (L-BLP25) versus
placebo after chemoradiotherapy for stage III non-small-cell lung cancer (START): a
randomised, double-blind, phase 3 trial. Lancet Oncol. 2014;15(1):59-68.

10. Suresh K, Naidoo J, Lin CT, Danoff S. Immune checkpoint immuno-
therapy for non-small cell lung cancer: benefits and pulmonary toxicities. Chest.
2018;154(6):1416-1423.

11. Assi HI, Kamphorst AO, Moukalled NM, Ramalingam SS. Immune check-
point inhibitors in advanced non-small cell lung cancer. Cancer. 2018;124(2):
248-261.

12. Hodi FS, O’Day SJ, McDermott DE et al. Improved survival with ipilimumab
in patients with metastatic melanoma. IV Engl ] Med. 2010;363(8):711-723.

13. Fallarino F Fields PE, Gajewski TE B7-1 engagement of cytotoxic T lym-
phocyte antigen 4 inhibits T cell activation in the absence of CD28. J Exp Med.
1998;188(1):205-210.

14. Lonberg N, Korman AJ. Masterful antibodies: checkpoint blockade. Cancer
Immunol Res. 2017;5(4):275-281.

15. Buchbinder EI, Desai A. CTLA-4 and PD-1 pathways: similarities, differences,
and implications of their inhibition. Am J Clin Oncol. 2016;39(1):98-106.

16. Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and immune correlates
of anti-PD-1 antibody in cancer. N Engl | Med. 2012;366(26):2443-2454.

17. Brahmer JR, Tykodi SS, Chow LQM, et al. Safety and activity of anti-PD-L1
antibody in patients with advanced cancer. N Engl ] Med. 2012;366(26):2455-2465.

IMMUNOTHERAPY IN LOCALLY ADVANCED NSCLC

18. Antonia SJ, Villegas A, Daniel D, et al. Durvalumab after chemoradiotherapy
in stage ITI non-small-cell lung cancer. N Engl | Med. 2017;377(20):1919-1929.

19. Antonia SJ, Villegas A, Daniel D, et al. Overall survival with durvalumab after
chemoradiotherapy in stage IIl NSCLC. N Engl | Med. 2018;379(24):2342-2350.
20. Hui R, Ozgﬁroglu M, Villegas A, et al. Patient-reported outcomes with
durvalumab after chemoradiotherapy in stage III, unresectable non-small-cell
lung cancer (PACIFIC): a randomised, controlled, phase 3 study. Lancet Oncol.
2019;20(12):1670-1680.

21. Durm GA, Althouse SK, Sadiq AA, et al. Phase II trial of concurrent chemora-
diation with consolidation pembrolizumab in patients with unresectable stage III
non-small cell lung cancer: Hoosier Cancer Research Network LUN 14-179 [ASCO
abstract 8500]. / Clin Oncol. 2018;36(15)(suppl).

22. Gerber DE, Urbanic JJ, Langer CJ, et al. Randomized phase III trial of concur-
rent chemoradiation followed by nivolumab or placebo for locally advanced non-
small cell lung cancer (NSCLC) (RTOG 3505) [ASCO abstract TPS8579]. J Clin
Oncol. 2017;35(15)(suppl).

23.Lin S, Lin X, Clay D, et al. DETERRED: phase II trial combining atezolizumab
concurrently with chemoradiation therapy in locally advanced non-small cell lung
cancer [IASLC abstract OA01.06]. J Thorac Oncol. 2018;13(10):S320-S321.

24. Lin SH, Lin Y, Mok I, et al. Phase II trial combining atezolizumab concurrently
with chemoradiation therapy in locally advanced non-small cell lung cancer [ASCO
abstract 8512]. / Clin Oncol. 2019;37(15)(suppl).

25. Peters S, Felip E, Dafni U, et al. Safety evaluation of nivolumab added concur-
rently to radiotherapy in a standard first line chemo-radiotherapy regimen in stage III
non-small cell lung cancer-the ETOP NICOLAS trial. Lung Cancer. 2019;133:83-
87.

26. Bradley JD, Nishio M, Okamoto I, et al. PACIFIC-2: phase 3 study of con-
current durvalumab and platinum-based chemoradiotherapy in patients with unre-
sectable, stage III NSCLC [ASCO abstract TPS8573]. J Clin Oncol. 2019;37(15)
(suppl).

27. Jabbour SK, Berman AT, Decker RH, et al. Prospective phase I multi-institu-
tional trial of PD-1 blockade with pembrolizumab during concurrent chemoradia-
tion for locally advanced, unresectable non-small cell lung cancer [ASCO abstract
8511]. J Clin Oncol. 2019;37(15)(suppl).

28. Owen D, Chaft JE. Inmunotherapy in surgically resectable non-small cell lung
cancer. / Thorac Dis. 2018;10(suppl 3):5404-S411.

29. Ahn M-], Park S, Jung HA, et al. Phase II, prospective single-arm study of adju-
vant pembrolizumab in N2 positive non-small cell lung cancer (NSCLC) treated
with neoadjuvant concurrent chemoradiotherapy followed by curative resection:
preliminary results [ASCO abstract 8520]. / Clin Oncol. 2019;37(15)(suppl).

30. Reck M, Rodriguez-Abreu D, Robinson AG, et al; KEYNOTE-024 Investiga-
tors. Pembrolizumab versus chemotherapy for PD-L1-positive non-small-cell lung
cancer. N Engl ] Med. 2016;375(19):1823-1833.

31. Mok TSK, Wu YL, Kudaba I, et al. Pembrolizumab versus chemotherapy for
previously untreated, PD-L1-expressing, locally advanced or metastatic non-small-
cell lung cancer (KEYNOTE-042): a randomised, open-label, controlled, phase 3
trial. Lancet. 2019;393(10183):1819-1830.

32. Herbst RS, De Marinis E Jassem J, et al. IMpower110: Phase III Trial Compar-
ing 1L Atezolizumab with Chemotherapy in PD-L1-Selected Chemotherapy-Naive
NSCLC Patients: Topic: Medical Oncology [IASLC abstract PS01.56]. J Thorac
Oncol. 2016;11(11):S304-S305.

33. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines
in Oncology. Non-Small Cell Lung Cancer. v.2.2020. https://www.nccn.org/profes-
sionals/physician_gls. Updated December 23, 2019. Accessed February 7, 2020.
34. Shaverdian N, Lisberg AE, Bornazyan K, et al. Previous radiotherapy and the
clinical activity and toxicity of pembrolizumab in the treatment of non-small-cell
lung cancer: a secondary analysis of the KEYNOTE-001 phase 1 trial. Lancet Oncol.
2017;18(7):895-903.

35. Johnson DB, Sullivan RJ, Ott PA, et al. Ipilimumab therapy in patients
with advanced melanoma and preexisting autoimmune disorders. JAMA Oncol.
2016;2(2):234-240.

36. Lee B, Wong A, Kee D, et al. The use of ipilimumab in patients with rheumatoid
arthritis and metastatic melanoma. Ann Oncol. 2016;27(6):1174-1177.

37. Ventola CL. Cancer immunotherapy, part 3: challenges and future trends. P 7/
2017;42(8):514-521.

38. Fares CM, Van Allen EM, Drake CG, Allison JB, Hu-Lieskovan S. Mechanisms
of resistance to immune checkpoint blockade: why does checkpoint inhibitor immu-
notherapy not work for all patients? Am Soc Clin Oncol Educ Book. 2019;39:147-164.
39. Verma V, Sprave T, Haque W, et al. A systematic review of the cost and cost-
effectiveness studies of immune checkpoint inhibitors. J Immunother Cancer.
2018;6(1):128.

Clinical Advances in Hematology & Oncology Volume 18, Issue 4 April 2020 217



