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Immunotherapy in surgically resectable non-small cell lung cancer
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Abstract: Surgical resection is the mainstay of therapy for patients with resectable and operable early

stage non-small cell lung cancer (NSCLC). Surgery alone yields an unacceptably high rate of lung cancer

recurrence. The addition of chemotherapy to surgery as adjuvant or neoadjuvant treatment can improve

survival rates by roughly 5% at 5 years. Recently, major advances in cancer immunotherapy have led to

better outcomes for many patients with lung cancer. Monoclonal antibodies to programmed death 1 and its

ligand are now approved for both first and second line treatment patients with metastatic lung cancer. In this

review, we will outline the rationale and current research strategies investigating the role of immunotherapy

in resectable NSCLC.
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Background

Lung cancer remains the leading cause of cancer-related
death both in the United States and worldwide. Non-
small cell lung cancer (NSCLC) is the most common
histologic subtype (1). Patients who present with early stage
disease are potentially cured with surgical intervention (2),
however there is no cure for patients who develop metastatic
disease after surgery. Even for patients who develop
locally recurrent disease after surgery, the chance for cure
is extremely low. For patients with early stage disease,
the addition of systemic chemotherapy before or after
surgery has been shown to improve 5-year survival rates by
roughly 5% across stages IB-IITA, with a greater benefit
in higher stages of disease (3-6). Treatment before surgery
(neoadjuvant) allows for an assessment of treatment effect,
including by major pathologic response (MPR) rate which
has been associated with clinical outcomes for these patients
and has been proposed as a surrogate endpoint for recurrence
and survival (7,8). Neoadjuvant clinical trials offer the
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opportunity to rapidly assess the efficacy of an intervention
due to the availability of pre- and post-treatment specimens,
and provide numerous translational research opportunities
including the evaluation of potential biomarkers for response
and for toxicity. Treatment with immunotherapy in the form
of checkpoint inhibitors targeting programmed cell-death 1
(PD-1) and its ligand (PD-L1) has dramatically altered the
management and outcomes of patients with NSCLC among
many other tumors (9-12). A number of trials are currently
evaluating whether anti-PD-1 and anti-PD-L1 agents can
be incorporated into the care of patients with early stage
NSCLC. This review will outline the data supporting the use
of immunotherapy in the management of patients with early
stage NSCLC, as well as detail the ongoing trials that may
potentially change the treatment paradigm for these patients.

Rationale for neoadjuvant and adjuvant

treatment in early stage NSCLC

Survival for early stage lung cancer remains low, with high
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numbers of patients succumbing to disease recurrence
and 5-year survival rates dropping from 60% for stage
ITA disease to 36% for stage IIIA disease, according to
the new 8" edition staging project of the International
Association for the Study of Lung Cancer (13). This high
rate of recurrence despite surgical resection of known
disease has inspired investigators for decades to design
studies to improve outcomes for these patients. One of
the first studies to demonstrate a survival benefit for the
addition of chemotherapy to surgical resection was a meta-
analysis of 52 randomized clinical trials spanning 30 years,
which suggested a 5% improvement in 5-year survival
with the addition of chemotherapy to surgery [hazard
ratio (HR) 0.87, 13% reduction in the risk of death] (14).
In the following years a number of prospective trials were
performed to assess whether the addition of adjuvant
chemotherapy to surgery could improve outcomes for
patients with early stage lung cancer. The International
Adjuvant Lung Cancer Trial (IALT) randomized 1,867
patients with stage I-III disease to surgery followed
by either observation or one of several chemotherapy
regimens, comprising a cisplatin backbone (at 80, 100, or
120 mg/rnz) and either etoposide, vinorelbine, vinblastine,
or vindesine. Patients who received chemotherapy had a
4.1% S5-year survival advantage compared to those who
were observed [HR for death 0.86, 95% confidence interval
(CD), 0.76-0.98] (15). This study was followed by the
JBR.10 trial, a randomized phase 3 trial of 482 patients with
stage IB or II NSCLC who received either observation
or adjuvant chemotherapy with cisplatin (50 mg/m’ on
day 1 and day 8) and vinorelbine (25 mg/m’ weekly) after
undergoing complete surgical resection (4). The updated
overall survival (OS) advantage for patients treated with
adjuvant chemotherapy at 5 years was 11% (16). With
several additional prospective trials conducted around the
same time using different chemotherapy regimens and
including patients with varying stages of disease (3,17),
the LACE meta-analysis was conducted of the five largest
cisplatin-based studies. With a median follow-up of
5.2 years, the LACE meta-analysis included 4,584 patients
and demonstrated an absolute 5-year survival benefit
of 5.4% for all enrolled patients treated with adjuvant
chemotherapy versus surgery alone (5). Based on these data,
adjuvant cisplatin-based chemotherapy is now offered as a
standard treatment option for patients who have completely
resected NSCLC Stage IIA or greater are able to tolerate
cytotoxic chemotherapy, and for select patients with large
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or high-risk Stage IB tumors.

Timing of adjuvant and neoadjuvant therapy

The timing of adjuvant treatment in clinical trials has
generally been within 6 to 8 weeks of surgery (3,4).
However a large prospective registry trial of 3,354 patients
with early stage NSCLC in Canada revealed that the
median time to adjuvant chemotherapy was 8 weeks (range,
1-16 weeks), and although a significant amount of patients
(35%) were delayed up to 10 weeks, there was no association
between delayed treatment and OS (18). More recently,
a large retrospective study of 12,473 patients revealed
that even when adjuvant chemotherapy was delayed up to
4 months, there was still a benefit over surgical resection
only (19). The optimal timing of neoadjuvant and adjuvant
immunotherapy treatment remains unclear. Many ongoing
trials offer immunotherapy to patients after they receive
standard of care adjuvant chemotherapy and/or radiation.

Immunotherapy for early stage NSCLC

The findings that treatment with immunotherapy targeting
PD-1 and PD-L1 can improve outcomes compared
to chemotherapy for select patients in the metastatic
setting (9,10,20,21) has led to a number of clinical trials
incorporating immunotherapy in earlier stages of the
disease, as discussed in detail below. In addition to the
improved toxicity profile of immunotherapy compared to
cytotoxic chemotherapy, there is evidence that immune-
related changes in the tumor microenvironment may be just
as important in early stage NSCLC as in metastatic disease.
A recent study evaluated the immune microenvironment
of lung adenocarcinoma tumors compared to normal lung
tissue and peripheral blood using paired single-cell analysis
for 32 patients undergoing surgical resection for early stage
disease (22). The authors reported data demonstrating that
an immunosuppressive microenvironment had developed
even in early stage adenocarcinoma, with increased
regulatory T cells (Treg), reduced T-effector/Treg ratio,
and reduced natural Killer (NK) and dendritic cells in the
tumor microenvironment compared to normal lung. These
changes were present in patients with stage I disease as
well as stage II and III disease. The finding of an immune-
tolerant environment even in the earliest stages of disease
supports the investigation of immunotherapeutic strategies
in this patient population.
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Experience with neoadjuvant and adjuvant immunotherapy
in the treatment of patients with NSCLC has so far mostly
been limited to vaccine trials and adoptive cell transfer
studies. Adjuvant treatment with an immunotherapeutic
targeting melanoma-associated antigen-A3 (MAGE-A3)
was assessed in the MAGRIT study, one of the largest
therapeutic trials ever performed in adjuvant NSCLC (23).
MAGE-A3 is silent in nearly all normal human tissue but
is expressed in up to half of NSCLC tumors, and based
on promising results of a phase 2 trial (24), the phase 3
MAGRIT trial was undertaken which screened 13,849
patient tumor samples for MAGE-A3 expression, and
eventually enrolled 2,312 patients to either MAGE-A3
immunotherapeutic [1,515] or placebo [757] following
complete surgical resection of stage IB-IITA NSCLC.
Treatment with the MAGE-A3 immunotherapeutic did not
improve disease free survival (DFS) or OS in the overall
population of any of the pre-specified subgroup patient
populations. Another vaccine evaluated in NSCLC was
tecemotide (L-BLP25), a liposome peptide vaccine to
mucin 1 (MUC1) glycoprotein which is over-expressed
and glycosylated in up to two-thirds of NSCLC tumors,
leading to increased cell growth and proliferation (25).
A randomized phase 2 trial showed a trend towards
improvement in OS when tecemotide was used as
maintenance therapy after chemotherapy for patients with
stage IIIB or IV NSCLC (26), and a subsequent phase 2
trial demonstrated promising efficacy when tecemotide was
given after completion of chemoradiation for patients with
stage IIl NSCLC (27). Based on these data, an international,
randomized, phase 3, placebo-controlled, double-blind trial
was conducted of 1,513 patients comparing tecemotide
to placebo in patients with stage III NSCLC who had
completed chemoradiation treatment (28). The study
reported no significant difference in survival between the
treatment arms, with a median OS for patients treated with
tecemotide of 25.6 months compared to 22.3 months for
placebo (HR, 0.88; 95% CI, 0.75-1.03; P=0.123).

Adoptive cell transfer therapy has been evaluated in a
number of trials, including a phase 3 randomized trial of
adjuvant chemo-immunotherapy with platinum doublet
and autologous activated killer T cells and dendritic
cells isolated from regional lymph nodes compared to
chemotherapy alone in patients who had undergone
resection for NSCLC (29). The trial included primarily
patients with stage IB-IITA disease, although notably the
trial did allow patients after neoadjuvant chemotherapy
and also included patients with stage IIIB or IV disease if
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malignant pleural effusion, micrometastases to mediastinal
lymph nodes, or intrapulmonary metastases were discovered
at time of surgery. The trial randomized 103 patients to
either chemo-immunotherapy or chemotherapy alone and
reported an improved in OS in the chemo-immunotherapy
arm which reached statistical significance with a HR of 0.229
(95% CI, 0.093-0.564, P=0.0013). Further research with
these technologies is currently underway in the metastatic
setting, including infusion of autologous tumor infiltrating
lymphocytes (INCT02133196), as well as infusion of
chimeric antigen receptor (CAR) T cells engineered against
specific proteins including NY-ESO-1 (NCT02588612), or
MUC-1 (NCT03179007).

More recently, multiple randomized, prospective
clinical trials have demonstrated that treatment with PD-1
and PD-L1 inhibitors can lead to improved outcomes
for select patients with metastatic NSCLC compared to
chemotherapy (9-12). PD-L1 by immunohistochemistry
has been developed concurrently as a potential biomarker
for response to treatment with PD-1 and PD-L1 inhibitors,
and the PD-1 inhibitor pembrolizumab is now approved
for first line therapy of patients with NSCLC with high
expression of PD-L1 (>50% tumor proportion score) based
on the results of KEYNOTE-24 (20). KEYNOTE-024
was a randomized, international, open-label, phase 3 trial
which evaluated first-line treatment with pembrolizumab
compared to chemotherapy for patients with PD-L1
TPS >50%. The study met its primary endpoint and
demonstrated an improvement in PFS in patients treated
with pembrolizumab compared to chemotherapy with a HR
0f 0.50 (95% CI, 0.37-0.68; P<0.001). The study also showed
an improvement in OS (HR, 0.60; 95% CI, 0.41-0.89;
P=0.005) and an improved response rate of 44.8% in
patients treated with pembrolizumab compared to 27.8%
in patients treated with chemotherapy. Based on this data,
pembrolizumab is now approved for first-line treatment for
patients with NSCLC with PD-L1 expression >50%. Given
these outcomes and a better safety profile than platinum
chemotherapy, a number of clinical trials are currently
underway evaluating immunotherapy with checkpoint
inhibitors in the neoadjuvant (Tzble 1) and adjuvant settings
(Table 2).

An additional benefit of immunotherapy in early stage
NSCLC is the possibility of generating a long-lasting anti-
tumor immune response to micrometastatic disease, thus
preventing disease relapse or recurrence. Preliminary data
from the ongoing trial NCT02259621 evaluating the PD-1
inhibitor nivolumab for patients with early stage NSCLC
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Table 1 Selected trials of neoadjuvant immunotherapy for NSCLC
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Trial identifier Phase  Sponsor Stage Intervention Primary endpoint
NCT02259621 2 Sidney Kimmel Comprehensive IB-1IA Nivolumab with or without Safety and feasibility
Cancer Center ipilimumab
NCT02998528 3 BMS IB-IIA Nivolumab and ipilimumab versus ~ MPR
chemotherapy
NCT03158129 2 M.D. Anderson Cancer Center I-I1A Nivolumab with or without MPR
ipilimumab
NCT02818920 2 Duke University Medical Center IB-1IIA Pembrolizumab (neoadjuvant and  Surgical feasibility rate
adjuvant)
NCT02927301 2 LCMC-3, Genentech IB-IIIA Atezolizumab MPR
NCT02572843 Swiss Group for Clinical Cancer  IlIA (N2) Durvalumab Event-free survival (EFS)
Research
NCT03081689 2 Spanish Lung Cancer Group A (N2) Nivolumab, carboplatin, paclitaxel =~ PFS

NSCLC, non-small cell lung cancer; BMS, Bristol Meyer Squibb; LCMC, Lung Cancer Mutation Consortium; MPR, major pathologic

response rate.

Table 2 Selected trials of adjuvant immunotherapy for NSCLC

Trial identifier Phase  Sponsor Stage Intervention Primary endpoint
NCT02595944 3 National Cancer Institute (NCI) IB-IIA Nivolumab DFS, OS

NCT02486718 3 Hoffmann-La Roche IB-IIA Atezolizumab DFS

NCT02273375 3 Canadian Cancers Trials Group 1B-11A Durvalumab DFS

NCT03130764 2 Columbia University IB-IIIA Durvalumab and Tremelimumab  Induced T-cell response rate
NCT02504372 3 EORTC, Merck IB-IIA Pembrolizumab DFS

NCT03053856 2 Samsung Medical Center A (N2)  Pembrolizumab DFS

NSCLC, non-small cell lung cancer; DFS, disease free survival. OS, overall survival. EORTC, European Organisation for Research and

Treatment of Cancer.

were presented at the 2016 Congress of the European
Society of Medical Oncology by Forde ez al. (30). This pilot
study showed that neoadjuvant immunotherapy was feasible
without delaying curative surgery, and also demonstrated
a 43% response rate as determined by MPR at the time
of surgery (31). The structure of this neoadjuvant trial
affords the collection of samples for translational research,
including tumor mutational burden, TCR sequencing of T
cells from the peripheral blood, tumor and regional lymph
nodes, as well as multiplex immunohistochemistry and
other correlates. A large neoadjuvant trial of the PD-L1
monoclonal antibody atezolizumab is currently underway
at 15 academic centers participating in the Lung Cancer
Mutation Consortium (NCT02927301). This is a single-

arm, phase 2 trial which plans to accrue 180 patients with
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stage IB-IITA NSCLC, which will assess the efficacy of two
doses of neoadjuvant atezolizumab prior to curative intent
surgery. The primary endpoint is MPR determined at the
time of surgery, and will also evaluate adjuvant atezolizumab
in an exploratory cohort of patients. The early experience
has prompted launch of a Phase 3 study evaluating
preoperative immunotherapy versus chemotherapy in early-
stage, surgically resectable NSCLC (NCT02998528).

A number of trials of adjuvant PD-1/L1 agents are
underway internationally in patients with completely
resected NSCLC. For example, the Adjuvant Nivolumab
in Resected Lung Cancers (ANVIL) trial is a randomized
phase 3 comparing adjuvant nivolumab with observation
after surgical resection and standard of care adjuvant
chemotherapy and/or radiotherapy for patients with
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resected stage IB-IITA NSCLC (NCT02595944).
Atezolizumab, durvalumab, and pembrolizumab are each
being evaluated in Phase 3 trials in the adjuvant setting.
All four of these adjuvant efforts are evaluating a year of
treatment. A single center exploratory adjuvant combination
immunotherapy is planned. These are outlined in Tible 2.

Potential advantages of neoadjuvant treatment

The advantages of neoadjuvant treatment prior to surgical
resection have been considered mostly in the setting of
cytotoxic chemotherapy, and include the reduction of tumor
size to allow for a potentially less morbid resection (i.e.,
a lobectomy vs pneumonectomy), the ability of patients
to tolerate therapy better before surgery compared to
afterward, as well as the earlier eradication of nodal and
micrometastatic disease (6). One of the only studies to
directly compare neoadjuvant and adjuvant chemotherapy
in NSCLC is the randomized, phase 3 NATCH trial which
demonstrated no difference in DFS between patients who
received neoadjuvant or adjuvant cisplatin and paclitaxel
chemotherapy compared to surgery alone, although the
trial included a large number of stage 1 patients who
do not typically benefit from these treatments (32). Of
note, the trial did demonstrate that a higher proportion
of patients in the neoadjuvant arm received all doses of
planned chemotherapy compared to the patients in the
adjuvant arm, supporting the suggestion that patients
may tolerate treatment better in the neoadjuvant setting.
The use of immunotherapy in the neoadjuvant setting
may offer these advantages in addition to the theoretical
development of a sustained anti-tumor immune response
that can persist beyond surgery, thus offering protection
from recurrent disease. This hypothesis was recently tested
in a study utilizing an orthotopic murine triple-negative
breast cancer model to compare neoadjuvant to adjuvant
anti-PD-1 immunotherapy (33). The authors of this study
reported that neoadjuvant immunotherapy followed by
surgical resection in mice led to improved survival and
reduced metastases compared to adjuvant treatment, and
that this benefit was independent of metastatic disease
burden. Promisingly, this study demonstrated that a brief
duration of neoadjuvant treatment was capable of inducing
long-term responses which seemed to be dependent
on tumor-specific T-cells, and which persisted beyond
surgical resection. In lung cancer patients, a prospective
trial of neoadjuvant chemo-immunotherapy with cisplatin,
docetaxel, and cetuximab demonstrated that a decrease in
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peripheral regulatory T-cells during treatment correlated
with an increased response to in patients with Stage IB-IITA
NSCLC (34).

Biomarkers in early stage NSCLC

Thus far, efforts to identify biomarkers that may predict
patients at higher risk of recurrence, or who would benefit
most from the addition of adjuvant treatment have been
disappointing. Biomarkers that had initially shown promise
in early phase trials, including excision repair cross-
complementation group 1 (ERCC1) (35), NRF2, and
MAGE-A3, have not yielded clinically useful results in
larger prospective trials (36,37).

In the prospective Tracking Non-Small Cell Lung
Cancer Evolution through Therapy Consortium
(TRACERX) trial, multi-region whole-exome sequencing
was performed on resected tumor specimens of early-
stage lung cancer patients, who were followed clinically
throughout their disease course. In a report of the first
100 patients, pre-treatment chromosome instability and
elevated copy-number heterogeneity were associated
with increased risk of recurrence or death (38). A separate
analysis from the TRACERx study revealed that levels of
circulating tumor DNA (ctDNA) could predict disease
relapse earlier than imaging with CT (median 70 days
earlier, range 10 to 346 days), and post-surgical ctDNA may
predict residual disease and therefore identify a subset of
patients at higher risk of relapse (39).

Although PD-L1 by IHC is now a standard assessment
for treatment of metastatic NSCLC (20), its role in early
stage NSCLC is unclear. Although some variability
between the different assays for PD-L1 certainly exists (40),
it appears that the combination of PD-L1 and tumor
mutational burden may be a better biomarker than either
one alone, though even a combined score has an imperfect
negative predictive value (41). This will need to be assessed
prospectively in the clinical trials currently underway.

MPR has been proposed by several groups as a surrogate
marker for recurrence and survival in patients with NSCLC
after neoadjuvant treatment. MPR is assessed at the time
of surgery, and is a defined as less than or equal to 10%
viable tumor cells across different sections of a tumor at
the time of surgery after neoadjuvant treatment. The use
of pathologic complete response in breast cancer is well
characterized and is an accepted surrogate marker for OS
(42,43); however pathologic complete responses in NSCLC
are rare (44-46). MPR was assessed in a retrospective study
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of 192 patients with stage I-IV NSCLC who underwent
surgical resection following neoadjuvant chemotherapy,
and reported that patients with MPR (<10% viable tumor
cells) had significantly improved survival compared to
those who did not have a MPR at time of surgery (5-year
OS 85% versus 40%, P<0.0001) (8). In a prospective trial
of 50 patients with stage IB-IITA NSCLC treated with
neoadjuvant chemotherapy and bevacizumab, more patients
who had achieved MPR at time of surgery were alive at
three years compared to those who did not achieve MPR
after neoadjuvant treatment (100% versus 49%, P=0.02
adjusted for stage) (47). MPR is the primary endpoint of a
number of ongoing trials of neoadjuvant immunotherapy
(Table I). These efforts will help define the validity this
endpoint as a surrogate of survival as well as differences
in pathologic response patterns to immunotherapy versus
chemotherapy.

Conclusions

Immunotherapy with monoclonal antibodies to PD-1 and
PD-L1 are now approved for treatment of patients with
metastatic NSCLC, and have been shown in a number
of randomized trials to lead to better outcomes for select
patients compared to standard chemotherapy. Studies are
currently underway to evaluate whether these benefits can be
seen in patients with early stage disease, as well as evaluating
the safest and most effective strategies to incorporate
these treatments in the multi-disciplinary management of
patients with resectable NSCLC. If these adjuvant trials
do demonstrate an improvement in survival, large efforts
will be needed to define the appropriate patients for these
treatments and the optimal duration of therapy. Trials with
additional immunotherapy agents, including combination
immunotherapies, chemo-immunotherapy, and CAR-T cells,
will build on our current understanding and add hopefully
yield new therapies that lead to better outcomes for patients
with early stage NSCLC.
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