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OVERVIEW

The PACIFIC trial of giving durvalumab for 1 year to patients with stage 111 lung cancers has set a
new care standard. PACIFIC has established the role of immune checkpoint inhibitors (ICls) for
individuals with inoperable and unresectable locally advanced lung cancers that achieve disease
control from concurrent chemoradiation. For resectable and operable patients, ICls given before
surgery, either alone (JHU/MSK, LCMC3, and NEOSTAR) or in combination with chemotherapy
(Columbia/MGH) and NADIM), have yielded high rates of major pathologic response in resection
specimens, an outcome measure that correlates with improved progression-free and overall
survival. These results have surfaced the dilemma of how to choose the optimal local therapy
(either definitive concurrent chemoradiation or surgery) to use with an ICI for patients with stage
I11 lung cancers that are both operable and resectable. Here, we review the data supporting the use
of each local therapy. Recent successes have also raised the possibility using ICIs in persons with
earlier stages of lung cancer will enhance curability. Randomized trials are underway, but, until
they read out, physicians must choose local and systemic therapies based on the information we
have today. Research demonstrates that using surgery, radiation, chemotherapy, and ICls improve
all efficacy outcomes and curability. All modalities should be considered in every patient with
locally advanced lung cancer. It is imperative that a multimodality discussion including the
possible addition of IClIs takes place to choose the best modality and sequence of therapies for
each patient.

TWEET

Adding immune checkpoint inhibitors to multimodality treatment for early stage lung cancers — a
review of advances from specialists in the field #lcsm

Introduction

For the field of thoracic oncology, the treatment of patients with locally advanced lung
cancers marks both one of our greatest successes and greatest disappointments. Combining
surgery, radiation, and chemotherapy, we can cure some but not all individuals with stages
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I1-111 lung cancers. Despite precise imaging studies, the availability of advanced radiation
techniques and minimally invasive complete resections, both delivered with utmost
precision, we fail to achieve cure in the majority of patients. We attempt to enhance
individual cure rates of local therapies with systemic ones, usually cytotoxic chemotherapy
given before, during, or after the “definitive local therapy”. Cisplatin-based chemotherapy
enhances the curability of locally advanced cancers to a degree comparable to or exceeding
those with the use of perioperative therapies in breast or colorectal cancers. However, in the
minds of many physicians and patients, the benefits are too small to justify the disruption in
lifestyle brought on by multimodality lung cancer therapies. How can we build on our
successes and turn our frustration into a path to progress?

We can begin by rethinking our basic assumptions concerning early stage lung cancers. We
can acknowledge that all stages of lung cancers are potentially deadly and routinely explore
opportunities to improve outcomes. Clinically or pathologically staged, 1-centimeter
primary lung cancers carry a five-year survival of only 92%.(1) Many physicians caring for
patients with lung cancers consider this a “good prognosis”. Current treatment guidelines
recommend no additional interventions even for patients with tumor characteristics that
suggest a higher risk of recurrence (discussed further below). In contrast, patients with
HER2-driven breast cancers with the same recurrence risk are offered surgery, radiation,
chemotherapy, one year of trastuzumab, and an additional year of neratinib. (2) If individuals
with lung cancers have clinical evidence of mediastinal nodal spread, even with a 1 cm
primary tumor, their 5-year survival estimates fall to 32%. (1) Additional treatment
modalities are recommended with clinical stage I11A disease, but they still fall short,
especially for patients with large primary tumors and mediastinal nodal spread. Better
staging can define the risk of recurrence, but regardless of disease extent, our best therapies
are unable to lead to cures in many patients.

Improved Results with Multimodality Approaches for Locally Advanced

Lung Cancers

In the last 2 decades, we have made tremendous strides in surgery and radiation, both in
terms of oncologic success and limiting treatment related disability. Local failure alone
rarely occurs with optimally delivered local therapies. While continued advancements in
these areas can be anticipated, they cannot be expected to make a major impact in the
curability of lung cancers where relapse occurs systemically in most patients destined to
relapse. Guideline-recommended chemotherapy (ideally cisplatin-based, given before or
after surgery) consistently improves curability beyond surgery alone in patients with any
nodal spread. Guidelines recommend routine chemotherapy use and further, consideration in
patients with larger primary tumors with no nodal spread. (3):(4) A recent study suggests an
even greater degree of adjuvant therapy benefit among individuals with tumors with certain
high risk features including lymphatic, vascular, or visceral pleural invasion, and invasive
size >2 cm.(5) However, chemotherapy benefits have generally plateaued, few
chemotherapeutic agents are under study, and as the population of patients with lung cancers
ages, many drugs (especially cisplatin) are difficult or impossible to deliver safely. Targeted
therapies paired with surgery or radiation in patients with tumors with oncogenic drivers
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hold promise, but they have yet to become part of routine management. Concurrent
chemotherapy with definitive thoracic radiation is now a worldwide standard of care for
individuals with inoperable or unresectable stage 111 disease and a comparable approach to
surgery in patient with operable and resectable stage I11A lung cancers in many cases. How
the optimal local modality is chosen to pair with cytotoxic chemotherapy is an area of
scientific inquiry and daily debate at the world’s multimodality tumor boards. With the tools
in hand, choosing the optimal type and sequence of each will undoubtedly result in further
incremental gains, but not the transformative improvements necessary to make cure the norm
and not the exception.

Immunotherapeutics Provide and Additional Benefits Beyond Surgery,
Radiation, and Chemotherapy

After more than a century of research, we have now realized the dream that therapeutics can
harness a person’s immune system to fight their cancers. This breakthrough has the potential
to overcome the barriers we have faced to cure patients with locally advanced lung cancers.
The experience in patients with metastatic lung cancers demonstrates that modulating T cell
function using immune checkpoint inhibitors (ICIs) targeting PD-1, PD-L1, and CTLA4 can
lead to durable tumor regressions, better overall survival (6): (7): (8) and 5 year disease free
survival “off therapy”. (9) ICls provide an additional modality that enhances a person’s
immune system to target cancer and can work in concert with surgery, radiation, and
cytotoxic chemotherapy to achieve results beyond those with other modalities given alone or
in combination. The platform has been set for a new wave of clinical research to define the
optimal systemic agents, dosing, scheduling, and sequencing of both systemic and local
therapies, all attempting to increase the curability of locally advanced lung cancers.

Trials utilizing neoadjuvant ICIs represent the greatest amount of data available today. Five
studies that have released data on ICls used alone or with cytotoxic chemotherapy prior to
surgery are reported in Table 1. (10)(11)' (12): (13)' (14) (15) In neoadjuvant trials in
patients with lung cancers, the primary endpoint is major pathologic response (MPR)
defined as less than 10% viable tumor cells in the surgical resection specimen. (16) MPR has
been found to predict both progression free and overall survival. Preclinical data has
suggested that ICIs given before chemotherapy in preclinical lung cancer models result in
better outcomes than the same therapies administered after surgery. (13, 17):(18)
Investigators have theorized that an “intact” primary tumor and draining lymph nodes, sites
where key processes of immune response initiation and antigen encounter occur, may
achieve the optimal results with ICls. Neoadjuvant anti PD-1 (nivolumab) and anti-PD-L1
(atezolizumab) targeted monoclonal antibodies alone produced surprisingly better results
compared to those seen in patients with ICIs given to patients with patients with metastatic
lung cancers. (10) (12)' (13) When neoadjuvant ICIs were combined with cytotoxic
chemotherapies, results were nothing short of astonishing with MPR rates of 57 and 80%.
(11):(14) This data has led to multiple phase 111 trials comparing chemotherapy alone with
the combination of chemotherapy plus atezolizumab, durvalumab, nivolumab, and
pembrolizumab, all agents given before surgery. Trials giving the same agents after
chemotherapy post-operatively (adjuvantly) are also in progress. By design, no early results
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are available, and the readouts will take longer. No trials comparing neoadjuvant to adjuvant
use of the same agent have been attempted. In addition to the preclinical data favoring
neoadjuvant use of IClIs, there are many advantages of neoadjuvant approaches listed in
Table 2, not the least of which is a years earlier demonstration of long-term benefit based on
major pathologic response rates.(16):(19) In all the trials of neoadjuvant ICls, no new
perioperative toxicities emerged. The accumulated data detailed below demonstrates that
ICls given alone or with chemotherapy lead to high rates of Major Pathologic Response
(historically associated with better progression-free and overall survival) in patients with
stages IB to I11B lung cancers. We are years away from determining whether adjuvant ICls
are a more effective perioperative strategy than their neoadjuvant use.

Combining ICIs and Surgery

Much of the challenge of determining the optimal treatment for Stage I11 disease is the
heterogeneity of the disease. Available approaches highlighting those that include surgery
are listed in Table 3. Additionally, the definition of “resectable” vs “unresectable” is
variable, making comparisons between trials difficult. Numerous randomized trials over the
last 20 years have tried to address the optimal approach to Stage 111 patients (CRT
(Concurrent Chemotherapy and Irradiation (CRT) alone, CRT— Surgery (S) or C—>S—
+RT). For the most part, these trials have not demonstrated clear benefit to adding surgery to
CRT except in a subset of patients with stage Il cancers referred to as “resectable”
(T3/4N0-1 or N2 non-bulky single station) where improved locoregional control may be
important.(20) The dramatic results of the PACIFIC trial with one year of durvalumab after
CRT compared to CRT alone has created a new standard of care for “unresectable” stage 111
patients who do not progress after CRT.(21)-(22) Of interest, most of the benefit in the
PACIFIC trial appeared to address the greatest need in the field ....the reduction of systemic
relapse ...with lower time to death or new metastases.(21) Given the landmark results of
PACIFIC, the role of surgery in individuals with stage I11 NSCLCs needs to be re-evaluated.

The Role of Surgery to Enhance Locoregional Control in Patients with
Stage Il NSCLCs

Investigators at the University of Texas MD Anderson Cancer Center recently reviewed their
experience with stage I11A (N2) lung cancers treated from 2004 to 2014 in which 159
patients with “resectable” lung cancers with documented N2 nodes underwent induction
chemotherapy followed by surgery + adjuvant radiation therapy (40% of patients). The 5
year overall survival was 50% with 15% locoregional and 44% distant recurrences.(23)
During that same period, 336 individuals with “unresectable” stage Il A disease underwent
definitive CRT with 5 year overall survival of 29%, with 30% locoregional and 41% distant
recurrence.(23) While these two groups represent distinct patient populations, the data
suggests that better locoregional control can be obtained by incorporating surgery with
chemotherapy + radiation therapy. Ongoing clinical trials will demonstrate whether the
addition of immunotherapy to a surgical strategy can improve distant control as
demonstrated in patients treated with concurrent CTRT in the PACIFIC study.
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The Role of Surgery with Immunotherapy

Success with immunotherapy in metastatic disease and in the PACIFIC trial have led to
efforts to improve survival in earlier stage NSCLCs through the incorporation of ICls with
surgery. These efforts have focused on adjuvant and neoadjuvant approaches with surgery.
Adjuvant approaches to date include four randomized trials utilizing immunotherapy. The
ANVIL trial (EA5142) in ALCHEMIST randomized patients with resected stages IB-111A
NSCLCs to adjuvant nivolumab (q 4 wk for one year) or observation after standard adjuvant
therapy (NCT02595944, n=903). This trial has completed enrollment in 2019 but is not
expected to “read out” its disease-free survival primary endpoint for several years,
highlighting the challenge with adjuvant studies that endpoints of overall survival and
progression free survival take up to a decade to assess. Additionally, the subset of patients
with each stage of the disease may not be large enough to make clear determinations of
benefit of adjuvant IClIs by stage.

The neoadjuvant approach represents another strategy to incorporate ICls with surgery.
Biologically, this approach may be more effective than the adjuvant strategy because the
presence of intact tumor “draining” lymph nodes at the time of ICI treatment may allow
better neoantigen presentation to dendritic cells and development of immunoreactive T cells
through dendritic antigen presentation at the organ site of antigen presentation.(18)-(24) In
preclinical models, Cascone et al. and others demonstrated that neoadjuvant immunotherapy
was more effective in mice than adjuvant treatment. (17)- (13) Surrogate endpoints such as
pathological complete response (pCR) in resection specimens or MPR (<10% viable tumor)
may also allow a more rapid read-out of long term benefits than can be anticipated in
adjuvant studies.(16)(25) Several phase 11 studies listed in Table 2 have evaluated this
neoadjuvant approach. Forde et al. noted no increase in adverse events after surgery with
MPR rates of 45% after two cycles of nivolumab. There was also evidence of biologic effect
with increased T cell infiltration in the tumor and peripheral blood and increased
neoantigen-specific T-cell clones from the primary tumor. (10) NEOSTAR, conducted at
MD Anderson, randomized patients with stages IB-111A NSCLCs to 3 cycles of nivolumab
or nivolumab and ipilimumab. MPR rates were higher with the combination treatment (44%
vs 19%) as was T cell infiltration in the tumor.(13) LCMC3 is a 180 patient phase Il trial
evaluating neoadjuvant atezolizumab for 2 cycles in patients with resectable stage IB-I11A
NSCLCs. Preliminary results have suggested no increased toxicity. The MPR rate in the
initial 82 patients was 18% with pCR rate of 4%.(12) The range of MPR rates from these
neoadjuvant studies is 18%-43% which is encouraging when compared to MPR rates of 19%
reported in earlier trials of neoadjuvant chemotherapy alone.(16):(25, 26)

Role of Surgery with Chemoimmunotherapy

Chemoimmunotherapy has demonstrated superiority over chemotherapy alone in patients
with metastatic lung cancers.(7) This has led to interest in assessing the role of
chemoimmunotherapy with surgery in earlier stage NSCLC. In the adjuvant setting,
ALCHEMIST is launching a new trial designed to evaluate adjuvant chemoimmunotherapy.
This study (NCT04267848, N=1263, DFS endpoint) set to open in the USA in 2020, will
randomize patients with resected stage IB-111A NSCLCs of any histology with one of three
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arms: standard adjuvant therapy with a platinum doublet, standard adjuvant therapy with a
platinum doublet followed by pembrolizumab for (17 cycles total), or a standard adjuvant
platinum doublet with concurrent pembrolizumab for 4 cycles followed by 12 additional
cycles of pembrolizumab (17 doses total).

One potential benefit of chemoimmunotherapy may be an increase in immunogenic tumor-
specific peptides, or neoantigens, released from chemotherapy induced cell death of the
primary tumor. This might then lead to increases in primed neoantigen-specific T cells and a
more robust immunologic response targeting micrometastases.(18)-(24) From this
standpoint, a neoadjuvant approach may be more efficacious than adjuvant because of the
presence of primary tumor during treatment with chemoimmunotherapy (Table 2). The
NADIM trial evaluated neoadjuvant nivolumab, paclitaxel and carboplatin in patients with
stage 1A “resectable” NSCLCs followed by surgical resection and adjuvant nivolumab for
one year. Preliminary observations include no increased toxicity and a high rate of MPR
(80%) and complete pathologic response (75%) in resected specimens.(14) Another study
from Columbia University utilizing neoadjuvant atezolizumab and chemotherapy has also
found encouraging MPR rates of 57% and pCR rates of 33% in resected specimens.(11)
These dramatic phase Il pathological response results have led to worldwide interest and the
development of phase Il trials: IMpower 030 is evaluating atezolizumab and chemotherapy
vs chemotherapy alone (NCT03456063, n=374, MPR, EFS), the Aegean trial is evaluating
durvalumab with chemotherapy vs chemotherapy alone (NCT03800134, n=300, MPR).
Keynote-671 is evaluating pembrolizumab and chemotherapy vs chemotherapy alone
(NCT03425643, n=786, EFS, OS). The Lung Cancer Mutation Consortium is initiating a
1000 patient screening trial (LCMC4) to detect 8 oncogenic drivers (EGFR, ALK, MET,
BRAF, RET, NTRK, ROS1, HER2) in patients who are being evaluated for neoadjuvant
therapies. (19) Individuals identified with early stage tumors with oncogenic drivers
(approximately one-third of patients) will be directed to industry-sponsored trials of targeted
therapies matched to the oncogenic driver detected.

Role of Surgery with Immunotherapy and Concurrent Chemoradiation

Therapy

Ultimately, the effectiveness of checkpoint inhibition may also be dependent on the
immunogenic environment in and around the primary tumor. Non-immunogenic
environments or “cold” tumors may be less likely to respond to ICls. These environments
could potentially be enhanced not only with chemotherapy but also with the addition of
radiation therapy to increase the neoantigen load in the tumor microenvironment. This
concept has led to a neoadjuvant strategy combining immunotherapy with concurrent
chemoradiation followed by surgery and consolidative immunotherapy. The optimal timing
sequence and potential morbidity of such a strategy is being evaluated in several ongoing
trials. The Hoosier Cancer Research Network is evaluating the feasibility of durvalumab and
CRT followed by surgery and adjuvant durvalumab (NCT03871153, n=25, safety, pCR)
while Case Comprehensive Cancer Center is evaluating pembrolizumab and CRT followed
by surgery and adjuvant pembrolizumab (NCT029879998, n=20, safety).
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Role of Surgery with Immunotherapy and Novel Immune Enhancing Agents

Novel immune enhancing agents are also being evaluated in the neoadjuvant setting in the
hopes of rapidly identifying effective combinations. NEOCOAST is evaluating neoadjuvant
durvalumab alone or with oleclumab, danvatirsen or monalizumab (NCT03794544, n=160,
MPR). Canopy N is evaluating neoadjuvant Pembrolizumab and Canakinumab vs
Canakinumab alone, an anti-IL-1B antibody, (27) (NCT03968419, n=110, MPR).
Neoadjuvant SHR1210 (anti PD-1 antibody) is also being evaluated with apatinib, a TKI
inhibitor with selective inhibition of VEGFR2 (28), (NCT04133337, n=20, MPR). The
neoadjuvant platform provides the opportunity to rapidly test many combinations using
MPR or pCR as a surrogate. (16) In the future, many investigators have proposed using
ctDNA to quantitate minimal residual disease and its presence can serve a trigger to
intensify therapy if ctDNA is still detectable after the completion of multimodality therapy.
(29)

Personalized Approach to Stage lli

Although the PACIFIC trial established a new standard of care for patients with
“unresectable” stage 11 lung cancers in general, surgery remains a critical component of
multimodality care for many individuals, especially those with stage I11A disease. Patients
with ECOG 0 or 1 performance status, T3—4N0-1, or single station non-bulky N2 tumors,
should be considered for CRT—S or C—S—%RT after multi-disciplinary review. In the
future, if the impressive results seen in the completed phase 2 trials (Table 1) are confirmed
in larger series and eventually phase 111 studies, patients with stage 111 lung cancers may
routinely receive ICls in addition to surgery. The neoadjuvant approach provides the
advantage of assessing tumor response at the time of surgery, permitting the use of different
treatments in the adjuvant setting for “non-responders” or responding patients with less than
complete regressions. This success strategy has recently been demonstrated in patients with
HER2-driven breast cancers with present disease after trastuzumab. (30) One could even
imagine adding in an adjuvant fashion different immune enhancing drugs, CAR T cells,
CAR NK cells or TILs derived from the resected primary tumor in ICI “non-responders”.
Many groups are pursuing development of blood or tissue biomarkers to better select
optimal therapies in stage 11 including surgical resection.

Patient Case 1 below demonstrates the concepts surrounding the place of surgery in the
management of patients with locally advanced lung cancers.

Patient Case 1: Stage IlIA, RUL squamous cell lung cancer with a single

“bulky” ipsilateral mediastinal lymph node (N2)

64 yr old male with history of smoking

Presented with RUL mass noted on CXR

Past medical history — high blood pressure, no CAD
WHO PS1
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PFT- FEV1 81% predicted; DLCO 86% predicted

CT thorax abdomen — right upper lobe tumor & enlarged station 4R (25.6 mm x 17.4 mm)
EBUS - positive 4R, 11R; negative 7, 4L, 10R

PET-CT - FDG right hilar adenopathy lymph node T2 N2 MO

MR Brain — no metastases

Treatment — IMRT 66 Gy, concurrently with paclitaxel and carboplatin

4 weeks post CRT

Decision to start with durvalumab 5 weeks after completion of CRT for a duration of 12 months
2 months post CRT (on durvalumab)

PET-CT — Decreased avidity RUL mass and R hilar adenopathy

8 months post CTRT (on durvalumab)

PET-CT- No FDG avidity in RUL mass, increased avidity R hilar adenopathy, no metastases
EBUS- positive 4R; negative 7, 4L

Referred for surgical evaluation

PFT- FEV1 71% predicted; DLCO 74% predicted
MRI Brain - no metastases
Treatment - Robotic resection

Case 1- Initial CT thorax and CT-PET
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Case 1- CT-PET - 8-month post CTRT on Durvalumab

This case is not straightforward with regards to the initial decision to not include surgery and
to proceed with concurrent chemoradiation followed by durvalumab. The single N2 station
is considered by many as “borderline bulky” with a short axis of 18 mm and long axis 26
mm. The locoregional recurrence highlights the challenge to choose the best local therapy if
ICls are able to control distant recurrences. The decision to proceed with resection 8 months
after CT while still on durvalumab is likely associated with increased risk of pulmonary
toxicity following chemotherapy, radiation, and durvalumab. The increased fibrosis at the
hilum and RUL can be appreciated on the CT-PET (8 months post-CRT) scan.

Combining ICls and Radiotherapy

There is a strong rationale for combining immunotherapy and radiotherapy (RT). Over one
hundred years following the discovery of ionizing radiation, we now know that RT elicits
immune interactions that can synergize with systemic therapies, particularly
immunotherapeutics. Our knowledge and understanding of how RT affects the tumor
microenvironment is growing - its ability to induce immunogenic cell death, release tumor
antigens, induce the cGAS-STING pathway, upregulate MHC-I expression, stimulate type |
interferons, and promote CD8+ T-cell infiltration (31): (32). (33). These immune effects
provide a rationale that RT can deliver the ‘kick start’ required to improve immune-mediated
tumor control with ICIs. Furthermore, the ability of RT to induce PD-L1 expression on
tumor cells provides an additional benefit: the combination with ICI may negate ‘adaptive
resistance” mechanisms. (34)

In locally advanced NSCLCs, CRT forms the mainstay of treatment. Combining ICls with
CRT in this patient population is an attractive strategy. Preclinical studies of RT-ICI
combinations have demonstrated improved outcomes, primarily in the setting of the ICI
being administered concurrently with RT (34): (35)' (36) (37). However, we are coming to
realize that RT can also have negative immune consequences in unselected patients. These
include the ability of RT to promote introduction of myeloid-derived suppressor cells
(MDSCs) and regulatory T-cells (Tregs) in the tumor microenvironment (TME), and to
induce release of undesirable cytokines and chemokines that further recruit suppressive
immune effector cells or impair T-cell trafficking.(38):(39) It is prudent to consider that these
negative immune consequences may outweigh the positive leading to radioresistant disease.
Biomarkers are needed to help in patient selection for ICIs in combination.

The PACIFIC results mark the first change in the management of inoperable and
unresectable stage 111 lung cancers in over two decades. (40) The addition of induction or
consolidation chemotherapy to CRT and dose escalation did not lead to improved outcomes.
(41) The Phase 111 PACIFIC trial has demonstrated that the ICI durvalumab, administered

Am Soc Clin Oncol Eauc Book. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kris et al.

Page 10

for one year after concurrent CTRT, improves both the median progression free (by 12
months to 17.2 months) and 3-year overall survival (by 13% to 57%) in patients with
inoperable or unresectable stage 111 lung cancers. (21, 42) Furthermore the addition of
durvalumab after chemotherapy was well tolerated. This trial was the first demonstration of
improved survival over concurrent chemotherapy and radiation in over two decades and has
established durvalumab after CRT as a standard of care. It is important to highlight that
patients in PACIFIC were eligible if they had unresectable disease, had responded to CRT,
had recovered from side effects (CTCAE grade <2) and had a performance status of 0-1. An
important consideration is therefore to use state of the art radiation treatment to reduce the
dose delivered to normal tissues and consequently the side effects of CRT. This can be
achieved by using 1) 4DCT scanning for radiotherapy planning resulting in the use of
smaller margins around the gross tumor volume, 2) intensity modulated radiotherapy
(IMRT) for treatment delivery technique that adds fluence modulation to beam shaping,
which improves radiotherapy dose conformity around the tumor and spares surrounding
normal structures) and 3) daily online imaging for treatment verification.

A typical case of patient suitable for durvalumab after CRT is presented in Case 2. This case
is straightforward with regards to the decision to treat with durvalumab since the patient
would have met the inclusion criteria of the PACIFIC study. However, a number of questions
remain unanswered regarding the application of this treatment listed in Table 4.

Patient Case 2

71 yr old female

Presented with shortness of breath

Past medical history — high blood pressure, ischemic heart disease 10 years ago

WHO PS1

PFT- FEV1 80% predicted; KCO 105% predicted

CT thorax abdomen — right upper lobe tumor & enlarged station 4R, 7 lymph nodes T3 N2 MO
Mediastinoscopy - Station 4R adenocarcinoma PDL1 10%

PET-CT - FDG avid right supraclavicular lymph node T3 N3 MO

MR Brain - Clear

Treatment — IMRT 66 Gy in 33 fractions, concurrently with cisplatin etoposide x 2 cycles starting day 1 of
radiotherapy

2 weeks post CTRT
CTCAE v5.0 Grade 3 oesophagitis, PS2
4 weeks post CTRT
CTCAE v5.0 Grade 2 oesophagitis, PS1

Decision to start durvalumab 5 weeks after completion of CRT for a duration of 12 months
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PFT: pulmonary function test, IMRT: intensity modulated radiotherapy, CTRT:
chemoradiotherapy, PS: performance status, CTCAE: Common Terminology Criteria for
Adverse Events

Case 2-CT thorax with IV contrast Case 2-Radiotherapy plan

Several important points should be taken into consideration when interpreting the results of
the PACIFIC trial. First, the PACIFIC population may not be fully representative of the ‘real
world’ since only 45% of the patients were above age 65. Second, no data was collected at
the time of randomization on disease volume, radiation dose delivered to organs at risk, and
radiotherapy techniques used. There is uncertainty as to whether patients presenting with
large volume disease and with radiation doses to the organs at risk at the limit of tolerance
can be safely given durvalumab. Third, subgroup analyses suggested that PFS and OS were
superior if durvalumab was delivered <14 days after completion of CRT. However, this does
not mean that patient should be treated as soon as possible after completion of CRT in
routine practice. It is likely that these patients who had recovered from the side effects of
CRT within 2 weeks had small volume disease at some distance from the mediastinum.
Finally, tissue collection was not mandatory for trial entry. Consequently, tissue samples
were available for only 63% of patients with only 148 patients out of 713 having PD-L1
expression <1%. There is therefore no guarantee that the tumor samples are missing
completely at random, potentially biasing the interpretation of the results bases on PD-L1
expression.(43). PACIFIC also left many questions unanswered (listed in Table 4) for
individuals with stage 111 lung cancers.

Other trials have evaluated the administration of ICIs pembrolizumab, atezolizumab and
nivolumab with the concurrent chemoradiation as outlined in Table 5. (35):(36) Investigators
have theorized that cellular apoptosis from concurrent chemotherapy and radiation lead to
increased tumor-derived neoantigens, increased antigen presentation and improved response
to ICIs. Preclinical data suggests that PD-1 blockade delivered either concurrently with RT
or just afterwards is superior to sequential PD-1blockade.(34) Both these studies have
demonstrated that the approach is feasible, with no dramatic increase in the rate of
treatment-related pneumonitis over chemoradiation alone as shown in Table 5. Whether this
latter approach improves outcomes over the ICls given after radiation requires further study.
The benefit of adding ICI in patients treated with sequential chemotherapy followed by RT
also remains to be determined and is currently under investigation in PACIFIC-6 (NCT
NCT03693300).

To make further progress, we need a better understanding of the biology of lung cancers to
identify which patients will benefit from CRT-ICI combinations. One key issue to address is
the timing of RT. When is RT is likely to have a detrimental immune-priming effect,
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preventing appropriate T-cell infiltration into the tissue microenvironment and instead
promoting a suppressive immunophenotype? Perhaps in patients whose tumor biopsies
suggest an already suppressive tissue microenvironment (low T-cell and high myeloid
infiltrate), an alternative RT-1CI approach is needed where IClIs help to ‘reprogram’ immune
effector cells to allow improved T-cell infiltration and response to ICls (e.g. TLR and CD40
agonist antibodies).

To explore these issues, biomarker evaluations should be incorporated into future clinical
trials. Minimal residual disease (MRD) assessed by circulating tumor DNA (ctDNA) can
predict survival in patients undergoing curative treatment and has also been linked to
improved response to ICIs. (44, 45) Additionally, while we know that tumor mutational
burden correlates to response to ICls, the ratio of clonal to subclonal mutations may be
important for long term response. RT is capable of generating tumor antigens and
immunogenic cell death, but recent data suggests that the generation of potential subclonal
versus clonal mutations following RT needs careful study. (46)

Conclusions

The exciting data that has emerged clearly establishes a role for ICIs with surgery, radiation,
and chemotherapy. In individuals where data supports the use of either surgical resection or
concurrent chemoradiation, we find ourselves in a virtually “data free zone” with no direct
comparisons between the two local approaches. In addition to the local therapy questions,
we have only limited data to assist practitioners caring for patients with locally advanced
lung cancers on the selection of specific chemotherapeutic agents, the selection of ICls, and
where surgery is the chosen modality, which treatments should be given adjuvantly or
neoadjuvantly. Additional questions remain in after deciding between surgery or
chemoradiation such as the extent of surgical resection (lobectomy or limited resection),
radiation technique (IMRT vs protons), and radiation dose. Our best advice is to consider all
approaches in a frank and open multimodality discussion that includes a careful assessment
of individual patient attributes and preferences.
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PRACTICAL APPLICATIONS

Patients with locally advanced lung cancers (Stage I11) can be cured by
combining surgery, radiation, and systemic therapy in a multimodal plan of
care.

Even with optimal timing and delivery of surgery, radiation, and
chemaotherapy, relapse can occur, primarily at distant sites. To cure more, we
need better systemic therapies. Adding immune checkpoint inhibitors to
multimodal regimens can fill that need.

For individuals with unresectable and inoperable stage 111 NSCLC that remain
controlled after concurrent chemotherapy and irradiation, one year of
durvalumab improves both progression-free and overall survival (57% at 3
years, a 13% improvement)

Neoadjuvant approaches offer many advantages, both for the care of
individual patients and for research. Preoperative opportunities should be
considered in patients where surgery and adjuvant therapy are appropriate
based on stage.

In resectable stage 111A NSCLCs (T4NO-1 or N2 “non-bulky” single station
N2), the standard of care should include consideration of surgical resection
after multidisciplinary review (CRT—S or C—>S—*RT). Thoracic surgical
oncologists are in the best position to determine operability and resectability.
Based on research to date, it is likely that in the near future, immune
checkpoint inhibitors will be added to multimodality regimens.
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Table 1.
Phase Il trials to determine pCR and MPR after neoadjuvant ICI or ICI plus chemotherapy in patients with
resectable and operable stage I-111 lung cancers.
Author(s) Agent(s) MPR% (95% CI) | pCR% (95% ClI)
Johns Hopkins University/Memorial Forde and Chaft(10) Nivolumab 43% (21 to 66) 14% (4 to 34)

Sloan Kettering

N=21
LCMC3 Kwiatkowski(12) Atezolizumab 18% (11 to 28) 5% (2t0 12)
Lung Cancer Mutation Consortium - USA
N=82
NEOSTAR Cascone(13) Nivolumab + Ipilimumab 25% (14 to 40) 18% (9 to 32)
MD Anderson
N=44
NADIM Provencio(14) Nivolumab + Paclitaxel 80% (64 to 91) 75% (4 to 76)
Spanish Lung Cancer Group Carboplatin
N=30
Columbia University New York/MGH Shu(11) Atezolizumab + Paclitaxel 57% (36 to 76) 33% (18 t0 52)
N=30 Carboplatin
Duke/Dartmouth/Mayo Ready(15) Pembrolizumab 28% (12 to 49) 8% (1 to 26)
N=25
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Table 2.

Factors favoring neoadjuvant therapy

« Attacks micrometastases, the primary cause of relapse, at the earliest time

« Preservation of primary tumor and draining nodes can provide an intact immune environment when using checkpoint inhibitors
« Ability to assess sensitivity to agents planned for adjuvant use for individual patients and as part of drug development

« Opportunity to assess remaining tumor cells at maximal response (persisters)

« Ability to assess sensitivity of agents used in induction. You can change the regimen.

« Complete and Major Pathologic Response and outcome surrogate

 Better chemotherapy drug delivery and tolerability

« Better compliance with subsequent therapies

« Time to identify unsuspected metastases and comorbidities before local therapy
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Page 20

Current and future strategies for patients with stage 111 adenocarcinomas and squamous cell carcinomas
(boxed strategies include surgery).

Stage |ll Subset Current Treatment Future Strategies
(requires multidisciplinary (requires additional clinical trial
discussion) assessment)
“Unresectable” CRT—Durvalumab CIRT—lI
Large T and N3 or or or
“Bulky", Mlélti-station CRT alone (ICI contraindication) IRT—lI
N or
Stage IlIA-IIIC CIRT—=5—I
Cl—=S—RT(to LNs)—l
|-=S—RT(to LNs)—lI
or
CRT alone (Immuno contra)
“Unresectable” CRT—Durvalumab Cl—=RT—l
Small T, PDL1 IHC or or or
Immunotherapy CRT alone (ICI contraindication) [—-RT—l
Biomarker high, Multi- or
station N2 | I-S—RT(to LNs)—I |
Stage IlIA
“Unresectable” CRT—Durvalumab CRT—l
Small T, PDL1 IHC or or
Immunotherapy CRT alone (ICI contraindication)
Biomarker low, Multi-
station N2
Stage Il A
“Resectable” C—S—#RT CIRT—o—1
Large T or Cl—=S—RT(to LNs)—l|
NO-1, Sirri%e Station CRT—S (sup sulcus) |-=S—RT(to LNs)—I
or or
Stage lll A CRT alone (poor PS, etc) CRT—l
or
CRT alone (immuno
contraindication)
“Resectable” C—S—*RT CIRT—=S—l
Small T, Single Station or Cl—=S—RT(to LNs)—l
N2 CRT—S |-=S—RT(to LNs)—I
Stage IlIA or or
CRT alone (poor PS, need for CRT—l
pneumonectomy) or
CRT alone (poor PS, immuno
contraindication)

*
CRT= concurrent chemoradiation; Cl=chemoimmunotherapy; CIRT=concurrent chemoradiation and immunotherapy; ICl-immune checkpoint

inhibitor
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Table 4.

Questions not answered by the PACIFIC trial (testing durvalumab after the completion of concurrent
chemoradiation in patients with unresectable and inoperable stage 111 lung cancers)
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« Applicability of the PACIFIC data to other population of patients?

* Resectable disease

* PS2

« Elderly

« Individuals receiving sequential chemoradiotherapy

« Patients with EFGR L858R and exon 19 deletion mutations
« Can durvalumab be safely prescribed in patients who have received a high radiation dose to thoracic organs at risk (e.g. lung)?
« Can we create precise definitions of “operable and resectable”? How is this assessment best obtained?
« How soon should durvalumab start after CTRT?
« What is the optimal duration of durvalumab?
« What is the optimal timing durvalumab and CTRT: concomitant or sequential?

« Should we treat patients with durvalumab if PDL1 <1%?

« Do biomarkers exist to better select patients?
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Trials with immune checkpoint inhibitors (ICIs) during or after concurrent chemoradiation (CRT) in stage 111

lung cancers

Author Trial Title Antonia(22) Antonia(22) Durm(47) HCRN Peters(48) ETOP Lin(49)

PACIFIC PACIFIC NICHOLAS DETERRED
Agent Durvalumab Placebo Pembrolizumab Nivolumab Atezolizumab

Patients 473 236 93 80 40
Timing of ICI After CRT --- After CRT During CRT During CRT
18 Month Progression 44% 27% 50% Not Reported Not Reported

Free Survival
Any Pneumonitis 34% 25% Not Reported 43% 25%

>Gr 3 Pneumonitis

3%

3%

6%

10%

3%

Deaths on Study

4%

6%

3%

9%

5%
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