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Abstract: There has been no improvement in outcome for patients with unresectable locally

advanced (stage III) non–small cell lung cancer (NSCLC) for more than 10 years. The standard

treatment for these patients is definitive concurrent chemotherapy and radiation (CCRT). Although

the goal of treatment in this setting is to achieve a cure, most patients progress and their prognosis is

poor, with a 5-year survival rate of 15–30%. There is thus an urgent need for the development of

novel anticancer treatments in this patient population. Recent advances in cancer immunotherapy

have led to amarked improvement in clinical outcome for advancedNSCLC. Such immunotherapy

mainly consists of the administration of immune checkpoint inhibitors (ICIs) such as antibodies to

cytotoxic T lymphocyte–associated protein–4 (CTLA-4) or to either programmed cell death–1

(PD-1) or its ligandPD-L1.Durvalumab (MEDI4736) is a high-affinity human immunoglobulinG1

monoclonal antibody that blocks the binding of PD-L1 on tumor cells or antigen-presenting cells to

PD-1 on T cells. The PACIFIC study recently evaluated consolidation immunotherapy with

durvalumab versus placebo administered after concurrent chemoradiotherapy (CCRT) in patients

with unresectable stage III NSCLC. It revealed a significant improvement in both progression-free

and overall survival with durvalumab, and this improvement was associated with a favorable safety

profile. This achievement has made durvalumab a standard of care for consolidation after CCRT in

patients with unresectable stage III NSCLC, and it has now been approved in this setting by

regulatory agencies in the United States, Canada, Japan, Australia, Switzerland, Malaysia,

Singapore, India, and the United Arab Emirates. In this review, we briefly summarize the results

of the PACIFIC trial, including those of post hoc analysis, and we address possible molecular

mechanisms, perspectives, and remaining questions related to combined treatment with CCRTand

ICIs in this patient population.
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Introduction
Non–small cell lung cancer (NSCLC) is the leading cause of cancer-related mortality

worldwide, being one of the most common neoplasms in developed countries and having

a poor prognosis.1 Early stages (I and II) account for ~20%of lung cancer diagnoses, with

affected individuals having a 5-year survival rate of 40% to 70% after standard surgical

treatment (lobectomy with systemic lymph node resection). Approximately 20% to 25%

of NSCLC cases are diagnosed after the disease has progressed to clinical stage III.

Although locally advanced (stage III) NSCLC is heterogeneous, it is defined as

having spread locoregionally through primary tumor extension into extrapulmonary

structures (T3 or T4) and involving hilar or mediastinal lymph nodes (N1–N3), but
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without distant metastases (M0). At this stage, even if the

cancer is considered unresectable, the treatment strategy

should be to attain a cure. At the time of initial diagnosis,

it is imperative for medical oncologists to deliberately

choose the best treatment strategy for each patient through

assembly of a multidisciplinary treatment team including

thoracic surgeons and radiation oncologists, although the

indication for surgical treatment of clinical N2 stage III

NSCLC may vary across institutions.

For more than a decade, concomitant chemoradiotherapy

(CCRT) has remained the standard treatment for unresectable

stage III NSCLC, irrespective of tumor histology or molecular

characteristics. The expected survival at 5 years for such

patients is only 15% to 30%, however,2–4 highlighting the

fact that most are not cured by CCRT5,6 and undergo relapse,

with nearly 40% manifesting locoregional recurrence and

~50% developing distant metastases.7,8 This situation clearly

calls for the development of novel anticancer treatments to

augment the rate of cure or to improve clinical outcome. Given

the high risk of metastasis and short progression-free survival

(PFS) after CCRT, consolidation therapy defined as treatment

administered after a defined number of chemotherapy cycles

with or without radiotherapy9 has been considered a possible

strategy to improve clinical outcome. Whereas the develop-

ment of molecularly targeted therapy has improved clinical

outcome in advanced NSCLC, it has not affected the manage-

ment of stage III NSCLC patients. Indeed, there have been no

substantial advances in the treatment of unresectable stage III

NSCLC for more than a decade despite the performance of

numerous randomized Phase III trials including those of

induction or consolidation therapy with chemotherapeutic

agents, biologics, or a cancer vaccine.8,10−12

In contrast to the failure to develop new therapies for

unresectable stage III NSCLC, much progress has beenmade

in our understanding of the underlying mechanisms of tumor

immunology in particular, with regard to the role of immune

checkpoints, which contribute to suppression of the tumor-

associated antigen (TAA)–specific antitumor immune

response, also referred to as T cell exhaustion.13

The extent of T cell activation is coordinately deter-

mined by interaction of the T cell receptor (TCR) with the

antigen on antigen-presenting cells (APCs) as well as by

costimulatory or co-inhibitory interactions of CD28 on

T cells with CD80 or CD86 on APCs and of PD-1 (pro-

grammed cell death–1) on T cells with PD-L1 (pro-

grammed cell death–ligand 1) on APCs. Tumor cells also

express PD-L1 as a co-inhibitory ligand, which contributes

to evasion of the protective antitumor immune response

and thereby promotes tumor growth.14 Immune checkpoint

inhibitors (ICIs) that target the interaction between PD-L1

on tumor cells and PD-1 on exhausted T cells can reinvi-

gorate the host immune system and allow it to mediate the

cytolytic destruction of tumor cells.15 Such inhibitors

including nivolumab, pembrolizumab, and atezolizumab

have shown a high antitumor efficacy and have revolutio-

nized the treatment of advanced (incurable) NSCLC, and

they are now the standard second-line treatment as mono-

therapy as well as a standard first-line treatment in combi-

nation with chemotherapy, irrespective of the PD-L1 status

of the tumor tissue.16–18 Given the broad clinical benefit of

these ICI-based immunotherapies for subsets of patients

with metastatic NSCLC, PD-1/PD-L1 inhibitors have been

considered a potential option to improve curative treat-

ment regimens for stage III NSCLC.

Durvalumab (MEDI4736), a fully human monoclonal

antibody to PD-L1 that blocks the binding of PD-L1 to PD-

1 (as well as that to CD80), was evaluated in the pivotal

PACIFIC study19,20 and was approved in July 2018 in Japan

as a consolidation therapy after CCRT for unresectable stage

III NSCLC. We here discuss the results of this practice-

changing trial including Japanese patients and address

remaining questions regarding the clinical implementation

of ICIs in this stage setting.

PACIFIC Study: Main Results
The PACIFIC study was conducted in patients with unre-

sectable stage III NSCLC who were not selected on the

basis of tumor histology or PD-L1 expression level. This

phase III study compared the safety and efficacy of con-

solidation therapy with durvalumab versus placebo in

patients who did not experience disease progression after

induction therapy with of CCRT. This global study

enrolled 713 patients at 234 participating centers.

Patients randomly assigned to the experimental arm

received durvalumab at 10 mg/kg intravenously every 2

weeks for up to 1 year, beginning 1 to 42 days after the

completion of CCRT. Key exclusion criteria were as fol-

lows; previous exposure to anti–PD-1 or PD-L1 antibo-

dies; receipt of immunotherapy or an investigational drug

within 4 weeks before the first dose (6 weeks for mono-

clonal antibodies); active or previous autoimmune disease

(within the past 2 years) or a history of primary immuno-

deficiency; evidence of uncontrolled, concurrent illness or

ongoing or active infections; unresolved toxic effects of

grade 2 or higher (according to the Common Terminology

Criteria for Adverse Events [CTCAE]); and grade 2 or
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higher pneumonitis from previous chemoradiotherapy. The

primary end points of the study were PFS and overall

survival (OS). PFS, as assessed by a blinded independent

central review, was significantly improved with durvalu-

mab versus placebo (17.2 versus 5.6 months; hazard ratio

[HR], 0.51; P<0.001). Durvalumab treatment also con-

ferred a significant improvement in OS rate at 2 years,

with an absolute difference of 10.7% (66.3%, with a 95%

confidence interval [CI] of 61.7–70.4%, in the durvalumab

arm versus 55.6% [95% CI, 48.9–61.8%] in the placebo

arm; P=0.005). After a median follow-up time of 25.2

months, the median OS had not been reached with durva-

lumab and was 28.7 months with placebo (HR, 0.68;

P=0.0025).20 As reported at the annual meeting of the

American Society of Clinical Oncology in 2019, updated

OS data were consistent with those previously reported

(stratified HR of 0.69, with a 95% CI of 0.55–0.86), with

the median still not having been reached (95% CI, 38.4

months to not reached) with durvalumab compared with

a value of 29.1 months (95% CI, 22.1–35.1 months) with

placebo. The 3-years OS rate was 57.0% with durvalumab

and 43.5% with placebo, with an absolute difference of

13.5%, which is larger than that seen for the 2-year OS

rate. The development of brain metastasis occurred at

a lower frequency in the durvalumab arm than in the

placebo arm (6.3% versus 11.8%). With regard to toxicity,

adverse events (AEs) of grade 3 or 4 of any cause occurred

in 30.5% and 26.1% of patients who received durvalumab

and placebo, respectively. Frequent AEs leading to dis-

continuation of the trial regimen included pneumonitis

(4.8% and 2.6% in the durvalumab and placebo arms,

respectively), radiation pneumonitis (1.3% each), and

pneumonia (1.1% and 1.3%, respectively). Safety out-

comes were similar regardless of PD-L1 status.

Collectively, these results showed that durvalumab therapy

conferred a significantly longer OS and PFS compared

with placebo and was associated with a well-tolerated

safety profile. On the basis of this impressive clinical

benefit, the US Food and Drug Administration as well as

regulatory agencies in Canada, Japan, Australia,

Switzerland, Malaysia, Singapore, India, and the United

Arab Emirates approved durvalumab as consolidation ther-

apy after CCRT for nonselected patients with unresectable

stage III NSCLC. In contrast to negative outcomes in prior

six randomized phase IIB/III trials which examined con-

solidation therapy with chemotherapy, targeted therapies,

or cancer vaccines after CCRT, this striking improvement of

clinical benefits in the PACIFIC study may result from

new mode of action and rationale utilizing host’s antitumor

immunity to attack cancer, which are fundamentally dif-

ferent from conventional anticancer agents that could

rather harm or suppress the immune system.

PACIFIC Study: Post Hoc Analysis
The OS and PFS benefit of durvalumab was apparent in all

prespecified subgroups of the trial, including those based on

tumor histology, smoking history, clinical stage, and level of

PD-L1 expression in tumor tissue (defined as high versus low

or negative). Exploratory post hoc analysis showed an

improved PFS and OS with durvalumab regardless of che-

motherapy or radiation dose administered or of the time from

radiation or randomization to study treatment. Post hoc analy-

sis of OS in patients with different levels of PD-L1 expression

in archived tumor samples that were obtained before CCRT

and retrospectively stained with the Ventana SP263 immuno-

histochemistry assay revealed that, among the 63% of patients

with evaluable PD-L1 expression, those with a PD-L1 tumor

proportion score (TPS) of <1% (PD-L1–negative tumors)

might not have benefited from durvalumab (HR of 1.36,

with a 95% CI of 0.79–2.34), in contrast to those with higher

levels of PD-L1 expression (PD-L1–positive tumors). On the

basis of this failure to clearly establish an OS benefit in

individuals with PD-L1–negative tumors, who constituted

a relatively small subset of patients, the European Medicines

Agency made the decision to limit the use of durvalumab to

patients with PD-L1–expressing tumors, even though the sub-

group of patients of unknown PD-L1 status showed a strong

survival benefit, consistent with that of the intention-to-treat

(ITT) population. It is possible that this apparent lack of an OS

benefit in patients with a PD-L1 TPS of <1% was the result

both of uncertainties associated with unplanned post hoc ana-

lysis and of differences in patient characteristics between the

durvalumab arm and the placebo arm, given that theOS curves

for patients treatedwith placebo differed substantially between

those with a PD-L1 TPS of <1% and those with a PD-L1 TPS

of ≥ 1%. In addition, it may be of note that the archived tumor

tissue assayed for PD-L1was obtained only before CCRT, and

not after. Given that preclinical and clinical studies have

shown that CCRT can up-regulate PD-L1 expression in

tumors,21–23 the PD-L1 expression level apparent in tumors

before CCRT may change during the interval before initiation

of consolidation therapy and may thus be unsuitable as

a predictive biomarker for durvalumab. The identification of

novel and reliable predictive biomarkers for ICI consolidation

therapy after CCRT should thus be a priority.
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Immunogenic Cell Death (ICD) as
a Molecular Mechanism of the
Antitumor Effect of CCRT Followed
by ICIs
Evidence that radiotherapyor chemotherapy, or the combination

thereof, can induce ICD24–26 suggests that this phenomenon

might contribute to the clinical benefit of combination immu-

notherapy. Indeed, several preclinical studies have shown that

chemotherapy and radiotherapy sensitize tumor cells to ICIs-

based immunotherapy.27–29 Although the dichotomy of ICD

versus non-ICD has not been clearly defined, the immunogenic

potential in tumor lesions is dependent on the initiating stimulus,

such as the type of chemotherapy and the radiation dose, aswell

as on the genetic background of the host, the cellular origin of

the tumor, and the type of cancer cell death including apoptosis,

necroptosis, and pyroptosis as forms of programmed cell death

(PCD) and necrosis as a type of non-PCD (Figure 1).25,30–33 On

induction of ICD, the dying cancer cells release or expose on

their surface a range ofmolecules that can act as either adjuvants

or danger signals for the innate immune system (Figure 2).34

These danger signals, referred to as damage-associated mole-

cular patterns (DAMPs),35 are thought to contribute to the

potential immunogenicity of stressed or dying uninfected

cells. DAMPs released from dying cells can serve as an “eat

me” signal to stimulate the uptake of TAAs byAPCs, especially

dendritic cells (DCs), as well as the maturation of these cells.

The mature DCs then migrate to local tumor-draining lymph

nodes, where they effectively prime TAA-specific T cells and

generate secondary CD4+ helper T (TH) cell– and CD8+ cyto-

toxic T lymphocyte (CTL)–mediated immunity directed toward

primary TAAs as well as the newly released TAAs, including

neoantigens that arise from cancer-specific mutations.36 This

broadening of the secondary immune response due to the

increased accessibility of new antigens released from collapsing

tumor cells is known as epitope spreading. The CD4+ TH1 cells

amplify and sustain the differentiation of CD8+ CTLs into

effector and memory phenotypes. The generated effector

CTLs traffic back to the residual and micrometastatic tumor

lesions through the systemic circulation and eventually reside in

and mediate the cytolytic destruction of these lesions through

the release of cytotoxic granules.

DAMPs include both secreted or released molecules such

as high mobility group protein B1 (HMGB1) and components

of polynucleotides such as adenosine triphosphate (ATP), as

well as molecules exposed on the outer leaflet of the plasma

membrane such as calreticulin (CRT) and heat shock protein 90

(HSP90). A preclinical study showed that radiotherapy induced

ICD in a dose-dependent manner as well as enhanced the

induction of such death by chemotherapeutic agents (carbopla-

tin or paclitaxel), as evidenced by the up-regulation of three

DAMPs molecules, in mouse breast cancer cells.37 In the

clinical setting, preoperative chemoradiotherapy in patients

with esophageal squamous cell carcinomawas shown to induce

tumor antigen–specific T cell responses, and the increase in the

serum HMGB1 concentration was found to positively correlate

with clinical outcome.38 These findings provide support for the

notion that the induction of ICD by CCRT regimens may

contribute at least in part to the fostering of a peritumoral

proimmunogenic milieu.

Effector CTLs with an expanded TCR repertoire generated

as a result of ICD in primary tumors must migrate to and

infiltrate the tumor tissue in order to control tumor growth.

However, tumors deploy numerous countermeasures to evade

such attack, including activation of the PD-1–PD-L1

checkpoint,39 physical barriers formed by abnormal vasculature

and stromal cells, and disruption of chemokine-mediated gui-

dance of Tcells to the tumor tissue.40 The binding of PD-L1 on

tumor cells to PD-1 on T cells suppresses T cell migration and

proliferation as well as the secretion of cytotoxic mediators,

induces apoptosis of CTLs, and restricts tumor cell killing.

However, inhibitors of PD-L1 such as durvalumab disrupt the

PD-1–PD-L1 axis and thereby reverse T cell suppression and

enhance secondary endogenous antitumor immunity, resulting

in a durable antitumor response in cancer patients (Figure 3).

DAMPs may therefore play an essential role in linking the

antitumor effect of CCRT to promotion of a response to ICIs

that target the PD-1–PD-L1 axis, although the most effective

molecules among DAMPs and the optimal timing of their

emission from tumor lesions during chemoradiation remain to

be determined. Quantification of DAMPs by serial measure-

ments during therapy might prove useful for the establishment

of a novel predictive biomarker for CCRT combined with ICI

immunotherapy.

PACIFIC Study: Results for the
Japanese Subpopulation
According to the interim analysis performed in 2018, for the

112 Japanese patients in the ITT population of the PACIFIC

study, the median PFS in the durvalumab arm (n=72) was

longer than that in the placebo arm (n=40), with values of not

evaluable (NE), with a 95% CI of 10.9 months to NE, versus

7.2 months, with a 95% CI of 2.0 to 18.6 months, respec-

tively (HR, 0.49 [95% CI, 0.26–0.89]). The median OS was

NE (95%CI, NE–NE) versus NE (95%CI, NE–NE), with an
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HR of 0.96 (95% CI, 0.48–1.92). The apparent lack of an OS

benefit in the Japanese subpopulation may be attributable to

several factors including (1) the relatively small numbers of

patients in the two arms, which rendered the analysis under-

powered to detect a significant difference; (2) ethnic differ-

ences in tumor biology, histology, driver mutations (EGFR

and BRAF mutations as well as ALK and, ROS1 transloca-

tions), and immunology, such as differential expression of

major histocompatibility complex (MHC) class I molecules;

and (3) the fact that the OS curve in the placebo group was

superior to that seen historically in unresectable stage III

NSCLC patients, likely as a result of more careful and

intensive management of subsequent treatments such as

molecularly targeted therapy and other ICIs by the Japanese

medical oncologists.

Acomparative overviewof the safetyprofile for durvalumab

between Japanese and non-Japanese patients is summarized in

Table 1. Rates of grade ≥3 AEs of any cause, treatment-related

death, severe AEs, and AEs leading to treatment discontinua-

tion, were lower in Japanese patients than in non-Japanese

patients. With regard to immune-related AEs (irAEs), those

with a rate >10 percentage points higher and those of grade ≥3

with a rate >2 percentage points higher in Japanese patients than

in non-Japanese patients included pneumonitis (54.2% versus

14.1% and 5.6% versus 1.0%, respectively), suggesting that it

may be difficult in many cases for medical oncologists to

determine whether to continue or discontinue durvalumab treat-

ment after the appearance of pneumonitis. The increased fre-

quency of pneumonitis in Japanese patients might reflect

differences in the immune system between Asian and white

Figure 1 Twoconceptual dichotomies amongmultiple formsof cancercell death: ICDversus non-ICD, andPCDversus non-PCD.Themultiple formsof cancer cell death include apoptosis,

necroptosis, pyroptosis, and necrosis. The first three of these types of cell death are classified as PCD, and the last as non-PCD. PCD is defined as the death of a cell mediated by an active

intracellular program, and is therefore also referred to as cellular suicide.Cell death can alsobe classified as ICDornon-ICDdependingon theextentofDAMP inductionor release fromdying

cells in response to chemoradiation. Representative DAMPs, as hallmarks of ICD, include CRTand HSP90 exposed on the outer surface of the cell membrane as well as ATP and HMGB1

released into the extracellular space. CRT, which promotes the engulfment of TAAs derived from cancer cells by DCs, is exposed only on cells undergoing immunogenic apoptosis, being

absent on cells dying in an immunologically silent manner. Non-ICD can be accompanied by the release of immunosuppressive cytokines such as transforming growth factor–β (TGF-β) and
interleukin 10 that are abundant in tumor tissue as well as by enrichment of regulatory T cells, both of whichmay promote tumor tolerance. The precise expression patterns of DAMPs and

the balance between these two dichotomies in cell death types may determine the fate of the subsequent adaptive immune response namely, immune tolerance versus antitumor immunity.

Abbreviations: RIPK3, receptor-interacting kinase 3; MLKL, mixed lineage kinase domain-like.
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ethnicities. Indeed, ethnic differences in Toll-like receptor 2

(TLR2) and TLR4 gene polymorphisms may underlie differen-

tial innate immunity to specific pathogens such as

Mycobacterium tuberculosis.41–43 Differential activation of

innate immunity mediated by TLRs on APCs in tumor lesions

might affect the host response to CCRT and ultimately lead to

enhanced adaptive antitumor immunity in Japanese patients,

with TAA-specific T cells destroying tumor cells as on-target

effect or damaging normal lung tissue and causing pneumonitis

as an off-target effect.

Notwithstanding the lack of an OS benefit for durvalu-

mab in the Japanese subpopulation of the PACIFIC study, the

marked improvement in PFS and relatively safe profile with

a lower rate of severe AEs have resulted in Japanese patients

with unresectable stage III NSCLC receiving consolidation

therapy with durvalumab following CCRT as a new standard

of care, irrespective of PD-L1 status and without use of the

Ventana SP263 immunohistochemistry assay.

Perspectives and Remaining
Questions After the PACIFIC Study
The use of durvalumab as consolidation therapy after

CCRT has resulted in a clinically meaningful retardation

of the development of local relapse and distant metastasis

Figure 2 Chemoradiation-induced ICD and DAMP-mediated secondary antitumor immunity. The death of tumor cells induced by chemoradiation can be accompanied by the release or

exposure of various DAMPs including ATP, HMGB1, and CRT. The interaction of these DAMP molecules with their cognate receptors including P2X7R, TLR4 or RAGE (receptor for

advanced glycationend-products), andCD91, respectively can then facilitate bothphagocytosis of primary andnewly releasedTAAsby acting as an “eatme” signal aswell as thematurationof

APCs, particularlyDCs. ThematureDCsmigrate to local tumor-draining lymph nodes to initiate priming of T cellsmediated by the specific binding of antigenic peptide–MHCcomplexes on

DCs to cognate TCRs. This binding elicits a signaling cascade from the TCR complex that ultimately triggers gene expression programs that induce the transition of the T cells from their

resting state to a state of activation and proliferation. This transition also requires the presence of costimulatory signals elicited by the binding of the ligandsCD80 orCD86 onAPCs to their

receptor CD28 on T cells as well as by that of the ligandsOX40 and 4-1BB onAPCs to their receptors on T cells. In general, the expression of costimulatory ligands is suppressed on APCs

present in tumor tissue, but this suppression can be overcome by endogenous adjuvants such as certain DAMPs that activate pattern recognition receptors on APCs. Appropriate DAMP

induction, acting through DC activation, may thus contribute to effective priming and generation of secondary CD4+ TH cell– or CD8+ CTL–mediated immunity directed toward primary

TAAs and newly released TAAs including neoantigens (a phenomenon known as epitope spreading). TH1-skewing cytokines released fromCD4+ TH1 cells amplify and sustain the expansion

of CD8+ CTLs and their differentiation into effector andmemory phenotypes. These multistep processes may eventually lead to the durable control of residual and micrometastatic tumor

lesions by effectorCTLs in amanner dependent on the induction of tumor cell death by directed exocytosis of cytolytic effectors such as granzymes. All abbreviations are defined in the text.
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in patients with unresectable stage III NSCLC. However,

the ultimate goal of any novel therapy for such patients is

to improve the cure rate. Although long-term follow-up

data, such as the 5-year OS rate, which has generally been

accepted as the likelihood of cure, are still required, the

fact that durvalumab improved the 2-year and 3-year OS

rates (66.3% and 57.0%, respectively) in the PACIFIC

study is suggestive that it might improve the cure rate in

these patients. Indeed, the fact that the Kaplan-Meier curve

of PFS for durvalumab showed a plateau at ~40% survival

suggests that these remaining patients might have attained

a cure. Intriguingly, the OS curve for the durvalumab arm

appears to be diverging from that of the placebo arm with

time, with an absolute improvement in OS rate of 10.7% at

2 years and 13.5% at 3 years. This divergence might

reflect the development of long-lasting antitumor T cell

responses unleased as a result of PD-L1 inhibition by

durvalumab. It is thus possible that durvalumab therapy

may achieve a long-term improvement in OS and become

more firmly established as a practice-changing consolida-

tion therapy for unresectable stage III NSCLC.

There are still unaddressed clinical questions with

regard to the addition of durvalumab in this stage setting.

First, strict eligibility criteria in the PACIFIC trial

restricted the enrolled subjects to very selected subpopula-

tion. It was recently reported that in clinical practice,

approximately 70% of patients with unresectable stage

III NSCLC treated with definitive chemoradiotherapy

Figure 3 PD-1–PD-L1 interaction–dependent barrier to effector CTL activity in solid tumors. TAA-specific effector CTLs that can overcome chemokine mismatches and the aberrant

vasculature of residual or metastatic tumor beds are able to attack cancer cells in a manner dependent on the interaction between peptide-MHC complexes and TCRs. The activated

T cells secrete interferon-γ (IFN-γ), which induces the up-regulation of immunosuppressivemechanisms such as the expression of PD-L1 on cancer cells. PD-L1–mediated signaling via PD-
1 displayed on effector CTLs renders them exhausted, anergic, or apoptotic, and thus no longer able to destroy cancer cells. However, inhibitors of PD-L1 such as durvalumab that

interrupt the PD-1–PD-L1 interaction reinvigorate exhausted CTLs and restore them to the effector phase so that they are able to exert long-lasting antitumor effects in cancer patients.

Immunosuppressive immune cells can also be attracted to tumor tissue via chemotaxis in response to chemokines induced by hypoxia. Inhibitory immune infiltrates include myeloid-

derived suppressor cells (MDSCs), regulatory T cells, tumor-associated neutrophils (TANs), and tumor-associated macrophages (TAMs), all of which can produce immunosuppressive

molecules such as interleukin 10, TGF-β, and prostaglandin E2 (PGE2). All abbreviations have been described previously.
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could be eligible to receive consolidation therapy with

durvalumab.44 No information is available with regard to

the safety and efficacy of durvalumab for patient popula-

tions that did not meet the exam eligibility requirements,

including those with multiple comorbidities or impaired

lung function, those with a poor performance status, and

those who required recovery beyond 6 weeks after the

completion of CCRT. Such information is also limited

for patients with a PD-L1 TPS of <1%. Consideration of

a different treatment for such patients may be inappropri-

ate until definitive data are available. Such a situation

requires a deliberative discussion including the patient

and a multidisciplinary team regarding the uncertain and

unprecedented outcomes brought about by this treatment.

Second, it remains unclear which induction chemother-

apy regimen is optimal for subsequent ICI therapy. In the

PACIFIC study, among such chemotherapy regimens, cis-

platin-based combination chemotherapy was associated

with a lower HR for durvalumab monotherapy compared

with carboplatin-based chemotherapy (0.59 [95% CI, 0.-

43–0.81] versus 0.86 [95% CI, 0.60–1.23]), suggestive of

a superior contribution of cisplatin to the survival prolon-

gation. Clinical and preclinical studies have suggested

mechanisms by which cisplatin might confer a better sur-

vival in this setting. For example, platinum-based therapy

was found to increase PD-L1 expression levels in tumor

tissue.45,46 In addition, cisplatin may confer a more immu-

nogenic tumor microenvironment. Indeed, a preclinical

study of human papilloma virus–associated cancer showed

that cisplatin-induced tumor cell death and the release of

DAMPs resulted in the infiltration of inflammatory APCs

with increased levels of costimulatory molecule expres-

sion, eventually leading to the induction of tumor-specific

CD8+ T cells.47 Qualitative and quantitative differences in

the induction of PD-L1 expression and DAMPs release

between cisplatin and other chemotherapeutic regimens

may thus influence the clinical benefit afforded by durva-

lumab, although there are currently no data for carboplatin

in comparison with cisplatin in this regard. Further studies

are warranted to investigate the potential interaction of

chemotherapy with radiation with regard to immunological

effects and thereby to optimize induction chemotherapy

regimens.

Third, the optimal timing of durvalumab therapy rela-

tive to radiotherapy also remains to be determined. Subset

analysis of the PACIFIC study showed that patients trea-

ted with durvalumab within 14 days of the last radiation

dose had a significantly longer OS compared with those

for whom this interval was 14 to 42 days (HR for <14

days, 0.42 [95% CI, 0.27–0.67]; HR for 14–42 days, 0.81

[95% CI, 0.62–1.06]). This finding suggests that the ear-

lier onset of durvalumab treatment maximized the antitu-

mor immune response. The PACIFIC 2 trial

(NCT03519971), a randomized, double-blind, placebo-

controlled, multicenter, international phase III study is

currently ongoing to assess the efficacy and safety of

durvalumab given concurrently with platinum-based che-

moradiation (durvalumab plus standard-of-care CCRT) in

patients with unresectable stage III NSCLC. In Japan,

a Phase II trial (DORPHIN study, WJOG11619L) to

investigate the efficacy and safety of durvalumab plus

concurrent radiation therapy as well as an interventional

phase II study (DATE study, TORG1937) assessing the

efficacy and safety of durvalumab administered immedi-

ately after completion of CCRT are both under way for

such patients.

Fourth, the optimal modality of ICIs partnered with

CCRT, given either concurrently or as consolidation ther-

apy, remains unknown. Results from three phase II trials

recently demonstrated promising antitumor activities of

other ICIs including pembrolizumab, atezolizumab, and

nivolumab administered either as consolidation therapy

following CCRT (LUN 14–179 [NCT02343952] and Part

I DETERRED [NCT02525757]) or concurrently with

CCRT (Part II DETERRED [NCT02525757] and

NICOLAS [NCT02434081]),48 although these activities

require confirmation in randomized phase III trials.

Conclusion
Patients with unresectable stage III NSCLC have a dismal

prognosis despite the administration of CCRT with cura-

tive intent. There has been no improvement in patient

Table 1 Summary of Safety Findings for Japanese and Non-

Japanese Subpopulations Treated with Durvalumab in the

PACIFIC Study

AE Category Number of Patients (%)

Japanese

(n=72)

Non-Japanese

(n=403)

Any-grade AEs 71 (98.6) 389 (96.5)

CTCAE grade≥3 AEs of any cause 17 (23.6) 146 (36.2)

Outcome of death 1 (1.4) 20 (5.0)

Any severe AEs 18 (25.0) 118 (29.3)

Any AEs leading to discontinuation 9 (12.5) 64 (15.9)

Any AEs leading to withdrawal 36 (50.0) 166 (41.2)

Abbreviation: CTCAE, Common Terminology Criteria for Adverse Events.
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outcome or management in this setting for more than

a decade. However, clinical data from the recent

PACIFIC trial support the potential of ICIs administered

as consolidation therapy after CCRT to improve both local

and systemic disease control in such patients with an

acceptable safety profile, although the results of long-

term follow-up for OS of this trial and others are still

awaited. Given the apparent lack of an OS benefit and

relatively higher incidence of pneumonitis as an irAE in

Japanese patients treated with durvalumab after CCRT in

the PACIFIC study, careful monitoring of the clinical

course for longer periods of time is warranted in such

individuals. The development of more precise biomarkers

such as PD-L1 expression, tumor mutation burden, and

extent of ICD and determination of the optimal timing

between chemoradiation and immunotherapy are impor-

tant goals for further study. The PACIFIC trial has sug-

gested that other therapeutic modalities, including

induction immunotherapy, radiation dose adaptation, and

consolidation therapy with other ICIs also warrant

investigation.
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