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Choosing the optimal
immunotherapeutic strategies
for non-small cell lung cancer
based on clinical factors

Natsuki Nakagawa and Masanori Kawakami*

Department of Respiratory Medicine, The University of Tokyo Hospital, Tokyo, Japan
The treatment landscape of advanced non-small cell lung cancer (NSCLC) has

changed dramatically since the emergence of immune checkpoint inhibitors

(ICIs). Although some patients achieve long survival with relatively mild

toxicities, not all patients experience such benefits from ICI treatment. There

are several ways to use ICIs in NSCLC patients, including monotherapy,

combination immunotherapy, and combination chemoimmunotherapy.

Decision-making in the selection of an ICI treatment regimen for NSCLC is

complicated partly because of the absence of head-to-head prospective

comparisons. Programmed death-ligand 1 (PD-L1) expression is currently

considered a standard biomarker for predicting the efficacy of ICIs, although

some limitations exist. In addition to the PD-L1 tumor proportion score, many

other clinical factors should also be considered to determine the optimal

treatment strategy for each patient, including age, performance status,

histological subtypes, comorbidities, status of oncogenic driver mutation,

and metastatic sites. Nevertheless, evidence of the efficacy and safety of ICIs

with some specific conditions of these factors is insufficient. Indeed, patients

with poor performance status, oncogenic driver mutations, or interstitial lung

disease have frequently been set as ineligible in randomized clinical trials of

NSCLC. ICI use in these patients is controversial and remains to be discussed. It

is important to select patients for whom ICIs can benefit the most from these

populations. In this article, we review previous reports of clinical trials or

experience in using ICIs in NSCLC, focusing on several clinical factors that

are associated with treatment outcomes, and then discuss the optimal ICI

treatment strategies for NSCLC.

KEYWORDS

aged, interstitial lung disease (ILD), liver metastasis, performance status (PS),
pleural effusion
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1 Introduction

In the last 10 years, immune-checkpoint inhibitors (ICIs) have

changed treatment strategies for non-small cell lung cancer

(NSCLC). The benefit of ICIs over previous standard therapy

(cytotoxic chemotherapy) has been demonstrated both as

monotherapy and as combination therapy, regardless of

previous treatment history (1–7). Response duration of ICIs

tends to be longer than cytotoxic chemotherapy (1, 2, 5, 6).

Survival duration of some patients with advanced NSCLC

treated with ICI exceeded 3 years and notably, the 5-years

follow-up form KEYNOTE-024 shows an OS rate of 32% (6, 8–

13). In clinical trials, the 2-year survival rate of advanced NSCLC

patients is 37%–45% when treated with combination therapy of

ICI and chemotherapy as the first-line treatment and 23%–29%

with ICI monotherapy for previously treated patients, while 18%–

29% in treatment-naive patients and 8%–16% in previously-

treated patients when treated with chemotherapy (14–16).

Despite of these improved treatment outcomes by ICIs in

clinical trials, there are still issues to be addressed in daily

clinical practice. First, it is difficult to determine which

treatment regimen is most suitable for individual cases. Many

treatment regimens are available for patients with advanced

NSCLC. Most patients with NSCLC experience disease

progression as a result of primary or acquired resistance to ICIs

(17, 18). In this review, we discuss the clinical factors that could

influence the efficacy and safety of drugs including ICIs. Second,

many patients in clinical practice do not fulfil the eligibility criteria

for clinical trials (19–23). For example, aged patients or patients

with poor performance status (PS) are usually considered

ineligible for prospective clinical trials. Generally, because of

their poor condition, it is difficult to treat these patients with

cytotoxic chemotherapy, and their prognosis is worse than that of

patients who fulfill the eligibility criteria of clinical trials. ICIs have

different toxicity profiles than standard chemotherapy, and their

cytotoxicity is usually mild. Therefore, ICIs may be a good

treatment option for patients who do not meet the criteria for

chemotherapy. It is important to select patients for whom ICIs can

benefit the most from this population. In this review, we will

summarize previous clinical studies of ICIs used for NSCLC, and

then discuss the optimal ICI treatment strategies, focusing on the

clinical factors that potentially predict ICI effects.
2 Previous randomized control trials
including ICIs for NSCLC

Many studies on ICIs have been conducted in patients with

advanced or recurrent NSCLC. Table 1 shows the major clinical

trials that tested ICI regimens for treatment-naïve patients in

which the primary endpoints were positive and negative,

respectively. Tables 1A, C are for squamous NSCLC (Sq-
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NSCLC), while Tables 1B, D represent non-squamous NSCLC

(NSq-NSCLC). The efficacy results were almost the same

between Sq and non-Sq patients, except for the KEYNOTE-

024 study. It should be noted that the results of KEYNOTE-024,

KEYNOTE-042, IMPOWER-110, and KEYNOTE-598 includes

both squamous and non-squamous NSCLC patients.
3 Clinical predictive factors for ICI
treatment outcomes

3.1 Programmed death-ligand 1
(PD-L1) expression

PD-L1 tumor proportion score (TPS) is widely used to predict

ICI effects. In the phase 2 KEYNOTE-001 trial, the objective

response rates (ORR) of pembrolizumab for pre-treated NCSLC

patients were 45%, 17%, and 11% in the subgroup with PD-L1

TPS score, assessed by the PD-L1 IHC 22C3 pharmDx, with

≥50%, 1%–49%, and <1%, respectively (34). Furthermore, the

survival benefit of pembrolizumab was also associated with a high

PD-L1 TPS. The superiority of pembrolizumabmonotherapy over

chemotherapy for treatment-naïve NSCLC patients was observed

in both the PD-L1 TPS ≥ 50% and ≥1% groups in KEYNOTE-024

and 042 (2, 25). Subgroup analysis of these studies showed the

association of higher PD-L1 TPS with better efficacy of

pembrolizumab. This association was confirmed in real-world

settings when limited to PD-L1 TPS ≥ 50% (35–37). These data

support the notion that PD-L1 TPS assessed by 22C3 assay

predicts the outcome of pembrolizumab monotherapy used in

the first-line setting. Similar trends have been observed in clinical

trials for other cancers (38–40).

The association between PD-L1 TPS and ICI effects was

inconsistent when different methods were used to evaluate the

TPS. In the Impower110 trial, the efficacy of atezolizumab

monotherapy used as a first-line treatment in NSCLC patients

was correlated with PD-L1 TPS assessed by SP142 assay, and

super ior i ty o f a tezo l i zumab over p la t inum-based

chemotherapy was observed in the subgroup with PD-L1

TPS ≥ 50% (5). However, in the CheckMate 026 trial where

nivolumab efficacy was tested, no superiority of nivolumab

over platinum-based chemotherapy was seen either in the pre-

planned group with PD-L1 TPS ≥ 5% or in the exploratory

subgroup with PD-L1 TPS ≥ 50% (30). In this study, the PD-L1

TPS was assessed using the 28-8 antibody. This inconsistency

among the studies may be attributed from the fact that the

assessment assay used to evaluate PD-L1 expression differed in

each clinical trial. On the other hand, Impower 110 trial

compared PD-L1 scoring methods, SP142, 22C3 and SP263,

as an exploratory analysis. Of note, median OS among patients

with high PD-L1 TPS assessed by these three assays were

similar. In clinical trials, PD-L1 assays often differ among
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different ICI drugs. Few information is available concerning

analysis of the concordance among different PD-L1 assays (41).

In addition to the methods for TPS evaluation, the cut-off levels

of PD-L1 expression are not fixed, and they sometimes change even

in the middle of ongoing clinical trials (42–44). Another factor that

may lead to these inconsistent results is heterogeneity of PD-L1

expression. The spatial and temporal heterogeneity of PD-L1

expression in the same tumor has been previously reported (45–

49). PD-L1 expression tends to be high in primary sites, adrenal

glands, liver, and lymph nodes, but low in the bone and brain (45,

46). When PD-L1 TPS of lymph node metastatic site was assessed,

the association with ICI efficacy was not observed (45). In the

clinical trials discussed above, the number of biopsy sites where PD-

L1 TPS was evaluated varied among cases.

Inconsistency in the predictive value of PD-L1 expression

among clinical trials was also observed in the setting of

combination chemoimmunotherapy. PD-L1 expression was

positively correlated with progression-free survival (PFS) in

the combination of pembrolizumab with platinum plus

pemetrexed for NSq-NSCLC; atezolizumab with carboplatin,
Frontiers in Oncology 03
pacl i taxel , and bevacizumab for NSq-NSCLC; and

atezolizumab with carboplatin plus nab-paclitaxel for Sq-

NSCLC (4, 27, 50). However, this correlation was not proven

in the atezolizumab with carboplatin plus nab-paclitaxel

combination for NSq-NSCLC and pembrolizumab with

carboplatin plus either paclitaxel or nab-paclitaxel for Sq-

NSCLC (24, 28). The aforementioned ICIs are inhibitors of the

PD-1/PD-L1 checkpoint pathway. In contrast, ipilimumab is a

monoclonal antibody for cytotoxic T-lymphocyte associated

protein 4 (CTLA-4), which is independent of the PD-1/PD-L1

pathway. It is reasonable that this agent can be effective even in

PD-L1-negative population (6, 13). In fact, in the CheckMate

9LA trial, where the combination of nivolumab and ipilimumab

with chemotherapy was studied, favorable outcomes were

observed regardless of PD-L1 expression for both NSq-NSCLC

and Sq-NSCLC (7, 10). This trend is consistent with previous

clinical trials involving patients with melanoma and renal-cell

carcinoma (51, 52). However, when nivolumab and ipilimumab

are used without chemotherapy for patients with NSCLC,

median overall survival (OS) was numerically greater in higher
TABLE 1 Key clinical trials that tested ICI regimens for treatment-naïve patient.

A. Sq-NSCLC, positive study.
Study name PD-L1

expression
experimental

arm
control
arm

OS (months, 95%
CI)

OS HR [95%
CI]

PFS (months,
95% CI)

PFS HR [95%
CI]

ORR

KN407 (16, 24) All Pembro + Chemo Placebo +
Chemo

17.1 [14.4–19.9] 0.71 [0.58–0.88] 8.0 [6.3–8.4] 0.57 [0.47–0.69] 62.6%

KN024 † (2, 8) ≥ 50% Pembro Chemo 26.3 [18.3–40.4] 0.62 [0.48–0.81] 7.7 [6.1–10.2] 0.50 [0.39–0.55] 46.1%

KN042 † (25) ≥ 1% Pembro Chemo 16.7 [13.9–19.7] 0.81 [0.71–0.93] 5.4 [4.3–6.2] 1.07 [0.94–1.21] 27%

IM110 † (5, 11) TC/IC 3 § Atezo Chemo 20.2 [17.2–25.6] 0.83 [0.62–1.10] 8.2 [6.8–11.4] 0.59 [0.43–0.81] 40.2%

CM227 ‡ (6, 13) ≥ 1% Nivo + Ipi Chemo 15.0 [12.5–18.7] ¶ 0.63 [0.49–0.79] 4.1 [2.9–5.6] 0.77 [0.57–1.05] 34.7%

negative Nivo + Ipi Chemo NA NA 5.1 [3.5–6.4] 0.74 [0.58–0.94] 27.3%

CM9LA ‡ (7, 10) All Nivo + Ipi +
Chemo

Chemo 14.5 [13.1–19.3] 0.63 [0.47–0.85] 5.6 [4.3–9.7] 0.60 [0.44–0.81] 48.7%

EMP-L1‡ (26) ≥ 50% Cemip Chemo NA 0.53 [0.36–0.77] NA 0.53 [0.40–0.70] NA
frontiers
B. Nsq-NSCLC, positive study.

KN024 † (2, 8) ≥ 50% Pembro Chemo 26.3 [18.3–40.4] 0.62 [0.48–0.81] 7.7 [6.1–10.2] 0.50 [0.39–0.55] 46.1%

KN042 † (25) ≥ 1% Pembro Chemo 16.7 [13.9–19.7] 0.81 [0.71–0.93] 5.4 [4.3–6.2] 1.07 [0.94–1.21] 27%

KN189 (12, 14, 27) All Pembro + Chemo Placebo + Chemo 22.0 [19.5–24.5] 0.56 [0.46–0.69] 9.0 [8.1–10.4] 0.49 [0.41–0.59] 48.3%

CM227 ‡ (6, 13) ≥ 1% Nivo + Ipi Chemo 19.2 [15.7–21.7] ¶ 0.77 [0.66–0.90] 5.5 [4.1–7.6] 0.83 [0.68–1.01] 37.1%

negative Nivo + Ipi Chemo NA NA 4.3 [2.9–6.4] 0.81 [0.62–1.07] 24.1%

CM9LA‡ (7, 10) All Nivo + Ipi + Chemo Chemo 17.8 [14.1–20.7] 0.78 [0.63–0.96] 7.0 [5.6–8.3] 0.72 [0.59–0.88] 32.9%

IM150 (4, 9) All Atezo + Bev + Chemo Bev + Chemo 19.5 [17.0–22.2] 0.80 [0.67–0.95] 8.4 0.57 [0.48–0.67] 63.5%

IM130 (28) All Atezo + Chemo Chemo 18.6 [16.0–21.2] 0.79 [0.64–0.98] 7.0 [6.2–7.3] 0.64 [0.54–0.77] 49.2%

IM110 † (5, 11) TC/IC 3 § Atezo Chemo 20.2 [17.2–25.6] 0.83 [0.62–1.10] 8.2 [6.8–11.4] 0.59 [0.43–0.81] 40.2%

EMP-L1 ‡ (26) ≥ 50% Cemip Chemo NA 0.83 [0.59–1.16] NA 0.65 [0.51–0.84] NA

TASUKI-52 (29) All Nivo + Bev + Chemo Bev + Chemo 25.4 [21.8–NR] 0.85 [0.63–1.14] 12.1
[9.8–14.0]

0.56 [0.43–0.71] 61.5%
† Both squamous and non-squamous histology are included, ‡ Subgroup analysis based on the histology, § This study met the primary outcome only in a TC/IC 3 population at first analysis,
¶ Histology-based OS was analyzed in the PD-L1 expression ≥1% and <1% combined patient population.
PD-L1, Programmed death-ligand 1; OS, overall survival; CI, confidence interval; PFS, progression free survival; ORR, objective response rate; NA, not available; NR, not reached.
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PD-L1 expression population in the CheckMate 227 trial (13).

Considering the negative result of the KEYNOTE-598 study,

where pembrolizumab plus ipilimumab for metastatic NSCLC

with PD-L1 TPS ≥ 50% was tested (Tables 1C, D), the benefit of

adding ipilimumab to an anti PD-1 antibody for patients with

PD-L1 TPS ≥ 50% should be discussed carefully (32).

Overall, although the results are inconsistent, PD-L1

expression can be used as a predictive biomarker for ICI

effects. Recently, a combined positive score has emerged as a

new method instead of PD-L1 TPS to evaluate PD-L1 expression

(54). A combined positive score is calculated as the proportion of

tumor cells, lymphocytes, and macrophages that were positively

stained by PD-L1 immunohistochemical staining of total tumor

cells. The KEYNOTE-048 trial of pembrolizumab treatment for

head and neck cancer demonstrated a positive association of

favorable survival with PD-L1 expression level assessed by the

combined positive score (43).
3.2 Driver mutation

A correlation between driver mutation subtypes and ICI

efficacy has been reported. The ImmunoTarget group

retrospectively compared ORR after ICI treatment among

NSCLC patients with various driver mutations. It was revealed

that the KRAS-driven and BRAF-driven subgroups appreciated

a greater benefit from ICI than EGFR-driven or ALK-driven

subgroups (55).
Frontiers in Oncology 04
Several clinical trials have suggested favorable efficacy of ICIs

in NSCLC patients with KRAS mutations (1, 56–60). When

pembrolizumab was used as monotherapy in NSq-NSCLC

patients with PD-L1 TPS ≥ 50%, KRAS mutation was

associated with longer OS, while this association was not

observed when pembrolizumab was used as combined

chemoimmunotherapy (61, 62). Notably, co-mutation of

SKT11/LKB11 with KRAS mutation, which exists in

approximately 30% of KRAS-mutated NSCLC, is associated

with an unfavorable efficacy of ICIs (63, 64). This mutation

was associated with lower PD-L1 expression and fewer

tumoricidal immune infiltrates.

Many recent clinical trials of ICIs have excluded those with

actionable driver mutations, such as EGFR mutations and ALK

fusions. The decision for this exclusion is probably based on the

results of a subgroup analysis in large randomized controlled trials

conducted in the early days of the ICI era, such as CheckMate 017,

CheckMate 057, KEYNOTE-010, and OAK, which compared ICIs

and docetaxel for their efficacy and safety as second-line therapy

in advanced NSCLC (1, 56, 65, 66). The meta-analysis of these

trials demonstrated that the integrated OS hazard ratio of ICIs

compared to docetaxel was 1.05 [95% confidence interval [CI]:

0.70–1.55] in the EGFR-mutant subgroup and 0.66 [95% CI: 0.58–

0.76] in the EGFR wild-type subgroup (59, 60, 67). Retrospective

studies have also shown generally low efficacy of ICIs in driver

mutation-positive NSCLC (55, 68, 69). In addition, a recently

published phase 2 study comparing nivolumab and carboplatin-

pemetrexed for EGFR-mutated NSCLC with resistance to EGFR-
TABLE 1 Key clinical trials that tested ICI regimens for treatment-naïve patient.

C. Sq-NSCLC, negative study.
Study name PD-L1

expression
experimental

arm
control
arm

OS (months, 95%
CI)

OS HR [95%
CI]

PFS (months,
95% CI)

PFS HR [95%
CI]

ORR

IM131 (50) All Atezo + Chemo Chemo 14.2 [12.3–16.8] 0.88 [0.73–1.05] 6.3 [5.7–7.1] 0.71 [0.60–0.85] 49.7%

CM026 ‡ (30) ≥ 5% Nivo Chemo 10.9 [NA] 0.77 [0.48–1.25] 3.3 [NA] 0.87 [0.53–1.41] NA

Govidant et al.
(53)

≥ 1% Ipi + Chemo Placebo +
Chemo

13.4 [11.8–14.8] 0.91 [0.77–1.07] 5.6 [5.4–5.9] 0.87 [0.75–1.01] 44%

MYSTIC (31) † ≥ 25% Durva Chemo 16.3 [12.2–20.8] 0.76 [0.56–1.02] 4.7 [3.1–6.3] 0.87 [0.59–1.29] 35.6%

Durva + Treme Chemo 11.9 [9.0–17.7] 0.85 [0.61–1.17] 3.9 [2.8–5.0] 1.05 [0.72–1.53] 34.4%

KN598 (32) † ≥ 50% Ipi + Pembro Placebo +
Pembro

21.4 [16.6–NR] 1.08 [0.85–1.37] 8.2 [6.0–10.5] 1.06 [0.86–1.30] 45.4%
frontiers
D. Nsq-NSCLC, negative study.

CM026 ‡ (30) ≥ 5% Nivo Chemo 14.5 [NA] 1.13 [0.84–1.50] 4.2 [NA] 1.24 [0.95–1.62] NA

MYSTIC (31) † ≥ 25% Durva Chemo 16.3 [12.2–20.8] 0.76 [0.56–1.02] 4.7 [3.1–6.3] 0.87 [0.59–1.29] 35.6%

Durva + Treme Chemo 11.9 [9.0–17.7] 0.85 [0.61–1.17] 3.9 [2.8–5.0] 1.05 [0.72–1.53] 34.4%

KN598 (32) † ≥ 50% Ipi + Pembro Placebo + Pembro 21.4 [16.6–NR] 1.08 [0.85–1.37] 8.2
[6.0–10.5]

1.06 [0.86–1.30] 45.4%

IM132 (33) All Atezo + Chemo Chemo 17.5 [13.2–19.6] 0.86 [0.71–1.06] 7.6 [6.6–8.5] 0.60 [0.49–0.72] 47%
† Both squamous and non-squamous histology are included, ‡ Subgroup analysis based on the histology, § This study met the primary outcome only in a TC/IC 3 population at first analysis,
¶ Histology-based OS was analyzed in the PD-L1 expression ≥1% and <1% combined patient population.
PD-L1, Programmed death-ligand 1; OS, overall survival; CI, confidence interval; PFS, progression free survival; ORR, objective response rate; NA, not available; NR, not reached.
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tyrosine kinase inhibitors (TKI) revealed significantly worse

survival in patients treated with nivolumab (70). Poor efficacy of

ICIs for NSCLC patients with EGFR mutations is thought to be

derived from a lower tumor mutation burden and an

immunosuppressive tumor microenvironment (71, 72).

However, some prospective studies have shown comparable

or superior efficacy of ICIs in NSCLC patients with driver

mutations (73–77). An exploratory subgroup analysis of the

IMpower150 trial demonstrated that in NSq-NSCLC patients

with sensitizing EGFR mutations, OS of atezolizumab,

carboplatin, paclitaxel, and bevacizumab combination group was

longer than carboplatin, paclitaxel, and bevacizumab combination

group. (median OS was26.1 months [95% CI 17.0–41.4] in the

atezolizumab arm vs. 20.3 months [95% CI 13.4–33.6] in the

control arm; hazard ratio [HR] 0.91 [95% CI 0.53–1.59]) (73, 74).

Based on these results, two prospective studies are ongoing in

Japan to verify the efficacy and safety of combination

chemoimmunotherapy with atezolizumab, carboplatin,

paclitaxel, and bevacizumab in EGFR-mutant NSCLC patients

who were already treated with an EGFR-TKI (78, 79).

Usually, molecular-targeted therapies are more effective than

ICIs or cytotoxic agents for NSCLC patients with actionable driver

mutations (78–88). Combination therapy with TKIs and ICIs has

failed due to severe adverse events (89–91). Based on the idea of

“best drug first,” there is no doubt that the first-line therapies for

NSCLC patients with actionable driver mutations are TKIs (92–

94). However, to the best of our knowledge, there is no clear

conclusion as to whether ICIs can be a treatment option for these

patients at any late treatment line. Some retrospective studies have

suggested that PD-L1 expression predicts ICI efficacy, even in

EGFR-mutant NSCLC (95). Furthermore, interestingly, PD-L1

expression was upregulated after EGFR-TKI therapy via ERK1/2

pathway modulation (47, 48). It has also been reported that EGFR

mutations can upregulate PD-L1 expression through the Ras/

RAF/MEK/ERK, PI3K/AKT/mTOR, JAK/STAT, NF-kB, and

YAP pathways (96–99). Further studies are warranted to clarify

the association of driver mutations with PD-L1 expression or

ICI efficacies.
3.3 Metastatic site

3.3.1 Liver
Liver metastases have been validated as negative prognostic

factors for NSCLC patients (100, 101). More metastases in the

liver are correlated with worse survival (102). In addition, the

presence of liver metastases predicts poor outcomes after ICI

monotherapy (3, 36, 72, 103–106). One possible underlying

mechanism is systemic immune tolerance which is mediated

by a number of specialized antigen-presenting cells, including

dendritic cells, Kupffer cells, liver sinusoidal endothelial cells,

and hepatic stellate cells (102, 105, 107–110). From the

viewpoint of PD-L1 spatial heterogeneity, PD-L1 expression
Frontiers in Oncology 05
was relatively higher in liver than other organs in NSCLC

patients (45). Conversely, the presence of liver metastases was

associated with a lower CD8+ T-cell count at the invasive tumor

margin among patients with NSCLC and melanoma who

received pembrolizumab (105). This suggests systemic

activation of the regulatory immune microenvironment in

patients with liver metastases, which results in a poor response

to ICI treatments in the presence of liver metastases despite the

relatively higher PD-L1 expression.

Currently, there is no consensus regarding the optimal

treatment for NSCLC with liver metastases. Although cytotoxic

agents and ICIs elicit relatively little efficacy in NSCLC with liver

metastases when used alone, one retrospective study showed that

combination chemotherapy may be effective (111). Some clinical

trials have also suggested that the addition of bevacizumab to ICI

treatment is effective for patients with NSCLC with liver

metastases (29, 73, 112). Bevacizumab is an anti-vascular

endothelial growth factor (VEGF) antibody. Preclinical and

clinical data have demonstrated that bevacizumab normalizes

vasculature, restores dendritic cell maturation, and reduces T-

regulatory cells and myeloid-derived suppressor cells in cancer

patients (113–117). Considering these pharmacological effects,

treatment regimen containing bevacizumab may be reasonable

for patients of NSCLC with liver metastases, where

immunosuppressive microenvironment is an issue for ICI

treatments as discussed above.

The presence of liver metastases is thought to be associated

with the onset of hyperprogressive disease (HPD) (118–120).

HPD is characterized by rapid disease progression after

initiation of ICIs, often defined as a > 50% increase in tumor

size within less than 2 months after initiation of ICIs, although

currently there is no widely accepted definition (118, 121).

HPD is associated with worse clinical outcomes (118). Other

than liver metastases, high LDH levels, low Albumin levels,

multiple metastatic sites, poor PS, and a Royal Marsden

Hospital prognostic score of ≥ 2 were associated with the risk

of HPD occurrence (118, 120). However, underlying

mechanisms of HPD are not understood well. Treatment

strategies for NSCLC patients at high risk of HPD have not

yet been established.

3.3.2 Brain
Radiation therapy is the most important treatment strategy

that should be considered first for NSCLC patients with brain

metastases (BMs), especially when clinical symptoms derived

from BMs are present (122). Thus the role of ICIs, with or

without cytotoxic agents, can be discussed only for the

regulation of BMs that are asymptomatic or already treated

with radiation. The efficacy of ICI in patients with

leptomeningeal disease requires further investigation (123).

The survival benefit of ICIs is similar regardless of the

presence or absence of BMs based on a subgroup analysis of

clinical trials of ICIs with or without cytotoxic agents, as listed in
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Table 1 (6, 10, 12, 26, 29, 124, 125). A meta-analysis of 10 clinical

trials with ICIs in NSCLC showed an OS HR of 1.25 (95% CI =

1.09–1.44, I2 = 43.8%, P <.001) for BMs compared with those

without BMs (104). A retrospective study showed that the

presence of BMs and a larger maximum diameter of brain

metastases were associated with worse prognosis of NSCLC

patients after ICI monotherapy in the second or later

treatment line (126). To our knowledge, there are few available

data regarding intracranial response rates to ICIs in NSCLC

patients. Phase 2 studies on melanoma demonstrated that

combination therapy with nivolumab and ipilimumab

achieved higher intracranial response rates than treatment

with nivolumab alone (127). Considering these data, patients

with BMs can be treated in the same way as those without BMs,

but combination immunotherapy with anti-PD-1 and anti-

CTLA-4 agents, with or without cytotoxic agents, may provide

better outcomes (124, 128, 129).
3.3.3 Pleural effusion
Previous studies have reported that malignant pleural effusion is

present in 11%–32% of patients with advanced NSCLC (130–132).

Even a small amount of pleural effusion (< 10-mm thick on chest

computed tomography) is an independent predictor of worse

survival (130). This tendency was also observed in cases treated

with ICIs, although the available data are limited to retrospective

studies. The presence of malignant pleural effusion was associated

with worse prognosis in NSCLC patients treated with a single ICI in

either first-line or later treatment lines (126, 133–135). Recently

reported retrospective study suggests that combination

chemoimmunotherapy is more effective than pembrolizumab

monotherapy as a first line treatment for NSCLC patients with

malignant pleural effusion (136). As observed in liver metastases,

malignant pleural effusion induces systemic immunosuppressive

microenvironment through several mediators and pathways,

including myeloid derived suppressor cells, neutrophils,

macrophages, T-regulatory cells, and dysfunctional T cells that

might result in low efficacy of ICIs (126, 137). As for safety,

existence of pleural effusion before treatment with nivolumab was

indicative of poor outcomes of interstitial lung disease (ILD) induced

as an immune-related adverse event (irAE) when it occurs (138).

In the setting of combination chemoimmunotherapy, we could

not find any studies to assess the effects of the presence of malignant

pleural effusion on the efficacy of therapy or to evaluate which

combination of drugs is better for use in cases with malignant

pleural effusion. VEGF is thought to be one of the key factors that

cause malignant plural effusion by increasing vascular and

mesothelial permeability and capillary fluid leakage (139). In fact,

several studies suggest the efficacy of bevacizumab for the

management of malignant pleural effusion in Nsq-NSCLC (117,

140–144). VEGF also plays a principal role in immunosuppressive

microenvironment as mentioned in the previous section (113–117).

Therefore, the combination of bevacizumab and ICI is potentially a
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good treatment strategy for patients withmalignant pleural effusion,

although there is few evidence to support this, thus far.
4 ICIs for the special population

4.1 Elderly

An FDA meta-analysis of four randomized control trials in

which ICI monotherapy and docetaxel were compared for patients

with disease progression after platinum doublet treatment

demonstrated similar survival benefits between these regimens,

regardless of age (145). Another meta-analysis of clinical trials for

other tumor types also showed a comparable efficacy of ICI

monotherapy between patients aged ≥ 65 and < 65 years (19,

146). Furthermore, real-world data supported the evidence for

efficacy and safety of ICI monotherapy for the elderly NSCLC

patients (147–150). These data suggested that it is the PS or

comorbidities rather than age that is associated with the outcome

of ICI treatment in the elderly patients (19, 147, 148). It should be

noted that the cutoff value for defining elderly varies among studies.

In combination chemoimmunotherapy, more attention should

be paid to elderly patients. In the KEYNOTE-189 trials, in which

treatment-naïve NSCLC patients were treated with a platinum

agent and pemetrexed with or without pembrolizumab, the

addition of pembrolizumab was associated with worse survival

benefit in the elderly, which was defined as ≥ 75 years old (151).

A retrospective study showed a similar result, that is, poor outcome

of combination chemoimmunotherapy in the elderly group (152).

In general, organ function declines with age, but it is difficult to

evaluate these functions sufficiently with clinical examinations that

are currently available. Clinical assessment tools for the elderly, such

as the comprehensive geriatric assessment and Charlson

comorbidity index, have been tested to predict the prognosis of

anti-cancer therapy in many clinical trials, but their usefulness has

not yet been established (153–157). Currently, there are no clinical

assessment tools available to predict which elderly patients can

tolerate chemoimmunotherapy well.
4.2 Performance status 2

In the ECOG 1594 study, which revealed almost similar efficacy

and safety profiles among four platinum doublet regimens, a

subgroup analysis showed that adverse events increased, and

prognosis worsened in patients with a PS of 2 compared to those

with a PS of 0 or 1 (158, 159). Historically, this is a pivotal study.

Thereafter, for more than 10 years, cytotoxic agent monotherapies

have been standard therapies for patients with a PS of 2. On the

other hand, the advantage of ICIs is their favorable toxicity profiles.

Therefore, ICIs may be an alternative treatment option for this

population. Many studies have suggested that PS is not associated

with the frequency or severity of irAEs (39, 150, 160–162). For
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example, in CheckMate 153, a prospective study validating the safety

of second-line treatment with nivolumab for NSCLC patients aged ≥

70 years and with a PS of 2, the incidence rates of grades 3–5 and any

grade adverse events were not increased in the population with a PS

of 2 (9% and 29%, respectively) compared to the overall population,

including a PS of 0–2 (6% and 37%, respectively), and toxicity

profiles were comparable between these populations (150). The

toxicities of ICIs seem to be acceptable for patients with poor PS.

Regarding prognosis, in both prospective and retrospective

studies of ICI monotherapy for NSCLC, patients with a PS ≥ 2

who were treated with ICI monotherapy showed poor survival

(150, 161–165). The hazard ratio of PFS ranged from 2.00 to 2.39

and OS ranged from 2.72 to 2.82 in patients with a PS ≥ 2

compared with a PS of 0 or 1. Studies on ICI monotherapy in a

relatively large number of patients with a PS ≥ 2 are summarized

in Table 2. Unlike PFS and OS, ORR results were inconsistent

among the studies. As shown in Table 2, some studies have

shown that the ORR of patients with a PS 2 was comparable to

that of patients with a PS 0–1 after ICI monotherapy (162, 165).

Poor PS of NSCLC patients may result from many different

reasons, such as cancer burden, cancer progression rate,

comorbidities unrelated to cancer, or a combination of these

factors. The analysis of ICI efficacy in patients with a PS 2 based

on the reasons for poor PS may help us better understand who is

suitable for ICI treatment in this population.
4.3 Interstitial lung disease

Patients with ILD have been excluded from most

randomized controlled trials in which ICIs are involved.

However, in the real world, ILD is seen frequently (at a rate of
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14%) in treatment-naïve patients with NSCLC (166). ILD is an

independent risk factor for drug-induced lung injuries, including

ICI-related injuries and is associated with poor survival in

NSCLC patients treated with ICIs (167–169). Drug-induced

lung injuries caused by ICIs are the most common irAE that

lead to the discontinuation of ICIs and are associated with worse

survival (65, 66, 170). ILD includes a very wide spectrum, and its

radiological classification is complex. Radiological assessments

of ILD are different, even among radiologists (171, 172). This

makes it difficult to stratify the degree of risks of pre-existing ILD

for ICI-induced lung toxicities.

Several clinical trials have assessed the efficacy and safety of

ICIs in patients with ILD. The AMBITIOUS trial is a

prospective study of atezolizumab in NSCLC patients with

idiopathic, chronic fibrotic interstitial pneumonia whose %VC

was 70% or larger. This study was discontinued early because of

the high incidence of pneumonitis (29.4%) (173). In this study,

pre-existing honeycomb lung was associated with a high risk of

frequency and severity of pneumonitis (57.1% of patients with

pre-existing honeycomb lung suffered from drug-induced

pneumonitis with a grade greater than or equal to 3). The

honeycomb lung has also been reported to be associated with

cytotoxic chemotherapy-related exacerbation of ILD (174).

Another prospective study to evaluate the efficacy and safety

of nivolumab in NSCLC patients with mild idiopathic

interstitial pneumonia demonstrated favorable efficacy and a

tolerable safety profile, where two out of 18 patients developed

grade 2 pneumonitis (175). In this study, patients with mild

idiopathic, classified as radiological possible or inconsistent

with usual interstitial pneumonia (UIP), were included only

when their %VC was 80% or more. Therefore, patients with

radiological UIP patterns were excluded. These studies imply
TABLE 2 ICI for PS2.

Author/
year

Trial
name

Type of
study

Number of
patients

whose PS > 1

Proportion
of PS > 1/

total

Treatment
line

Drug OS
(months,
95% CI)

PFS
(months,
95% CI)

ORR Incidence of
TRAE of
grade3-5

Spigel DR,
et al., 2019
(150)

CheckMate
153

prospective 128 9.0% 2nd or later Nivolumab 4.0
[3.1–6.2]

NA NA 9%

Felip E,
et al., 2020
(161)

CheckMate
171

prospective 103 12.7% 2nd or later Nivolumab 5.2
[3.0–7.6]

NA 1.6% 6.8%

Middleton
G, et al.,
2020 (162)

PePS2 prospective 60 100% 1st: 40%
Subsequent:
60%

Pembrolizumab 9.8
[7.1–14.6]

4.4 [3.3–9.9] 27% 73%

Matsubara T, et al., 2021
(163)

retrospective 11 8.8% 1st or 2nd:
43.2%
3rd or later:
56.8%

Nivolumab or
Pembrolizumab

NA NA 9.1% 18.2%

Sehgal K, et al., 2021
(165)

retrospective 29 39.2% 1st: 72.4%
Subsequent:
27.6%

Pembrolizumab 4.1
[2.1–6.9]

2.3 [1.8–4.8] 17.9% 17.2%
PS, performance status; OS, overall survival; CI, confidence interval; PFS, progression free survival; ORR, objective response rate; TRAE, treatment related adverse events.
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that the presence or absence of a honeycomb lung is the

principal factor in predicting the safety of ICI treatment.

ILD related to ICIs may occur even in patients without ILD

at the initiation of ICI therapy. Several risk factors for the onset

and severity of ICI-induced lung toxicities have been suggested,

including the primary tumor site of the lung, ICI combination

therapy rather than ICI monotherapy, PD-1 inhibitors

compared with PD-L1 inhibitors or CTLA-4 inhibitors, and

the presence of pleural effusion before treatment (137,

176–179).
5 Discussion and conclusion

ICIs are now indispensable agents for NSCLC treatment and

contribute to the extension of survival in NSCLC patients.

Considering their relatively mild toxicities, ICIs could provide

an opportunity of treatment for patients who cannot tolerate

treatment with cytotoxic agents, such as elderly or patients with

poor PS. As discussed in this paper, many clinical factors may

affect the efficacy and safety of ICI treatment. PD-L1 is currently

considered a predictive biomarker of ICI treatment, but

clinicians should keep in mind that this is not a perfect

biomarker as mentioned above. Emerging biomarkers,

including tumor mutational burden, neoantigen load, tumor-

infiltrating lymphocytes, immune-regulatory mRNA expression

and blood biomarkers, are reported as possibly predictive (180).

Further studies are warranted in this area.
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Pembrolizumab plus ipilimumab or placebo for metastatic non–Small-Cell lung
cancer with PD-L1 tumor proportion score ≥ 50%: Randomized, double-blind
phase III KEYNOTE-598 study. J Clin Oncol (2021) 39:2327–38. doi: 10.1200/
jco.20.03579

33. Nishio M, Barlesi F, West H, Ball S, Bordoni R, Cobo M, et al. Atezolizumab
plus chemotherapy for first-line treatment of nonsquamous NSCLC: Results from
Frontiers in Oncology 09
the randomized phase 3 IMpower132 trial. J Thorac Oncol (2021) 16:653–64.
doi: 10.1016/j.jtho.2020.11.025

34. Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP, et al.
Pembrolizumab for the treatment of non-small-cell lung cancer. N Engl J Med
(2015) 372:2018–28. doi: 10.1056/NEJMOA1501824

35. Aguilar EJ, Ricciuti B, Gainor JF, Kehl KL, Kravets S, Dahlberg S, et al. Outcomes
to first-line pembrolizumab in patients with non-small-cell lung cancer and very high
PD-L1 expression. Ann Oncol (2019) 30:1653–9. doi: 10.1093/annonc/mdz288

36. Takeyasu Y, Yoshida T, Shibaki R, Matsumoto Y, Goto Y, Kanda S, et al.
Differential efficacy of pembrolizumab according to metastatic sites in patients with
PD-L1 strongly positive (TPS ≥ 50%) NSCLC. Clin Lung Cancer (2021) 22:127–
33.e3. doi: 10.1016/j.cllc.2020.10.002

37. Tamiya M, Tamiya A, Hosoya K, Taniguchi Y, Yokoyama T, Fukuda Y, et al.
Efficacy and safety of pembrolizumab as first-line therapy in advanced non-small
cell lung cancer with at least 50% PD-L1 positivity: a multicenter retrospective
cohort study (HOPE-001). Invest New Drugs (2019) 37:1266–73. doi: 10.1007/
s10637-019-00843-y

38. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, et al.
Pembrolizumab in patients with advanced hepatocellular carcinoma
previously treated with sorafenib (KEYNOTE-224): a non-randomised,
open-label phase 2 trial. Lancet Oncol (2018) 19:940–52. doi: 10.1016/
S1470-2045(18)30351-6

39. Balar AV, CastellanoD, O’Donnell PH, Grivas P, Vuky J, Powles T, et al. First-line
pembrolizumab in cisplatin-ineligible patients with locally advanced and unresectable or
metastatic urothelial cancer (KEYNOTE-052): a multicentre, single-arm, phase 2 study.
Lancet Oncol (2017) 18:1483–92. doi: 10.1016/S1470-2045(17)30616-2

40. Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L, et al.
Pembrolizumab as second-line therapy for advanced urothelial carcinoma. N
Engl J Med (2017) 376:1015–26. doi: 10.1056/NEJMOA1613683

41. Jørgensen JT. An update on companion and complementary diagnostic
assays for PD-1/PD-L1 checkpoint inhibitors in NSCLC. Expert Rev Mol Diagn
(2021) 21:445–54. doi: 10.1080/14737159.2021.1920396

42. Fundytus A, Booth CM, Tannock IF. How low can you go? PD-L1
expression as a biomarker in trials of cancer immunotherapy. Ann Oncol (2021)
32:833–6. doi: 10.1016/j.annonc.2021.03.208

43. Burtness B, Harrington KJ, Greil R, Soulières D, Tahara M, de Castro G Jr,
et al. Pembrolizumab alone or with chemotherapy versus cetuximab with
chemotherapy for recurrent or metastatic squamous cell carcinoma of the head
and neck (KEYNOTE-048): a randomised, open-label, phase 3 study. Lancet
(London England) (2019) 394:1915–28. doi: 10.1016/S0140-6736(19)32591-7

44. Cortes J, Cescon DW, Rugo HS, Nowecki Z, Im SA, Yusof MM, et al.
Pembrolizumab plus chemotherapy versus placebo plus chemotherapy for
previously untreated locally recurrent inoperable or metastatic triple-negative
breast cancer (KEYNOTE-355): a randomised, placebo-controlled, double-blind,
phase 3 clinical trial. Lancet (London England) (2020) 396:1817–28. doi: 10.1016/
S0140-6736(20)32531-9

45. Hong L, Negrao MV, Dibaj SS, Chen R, Reuben A, Bohac JM, et al.
Programmed death-ligand 1 heterogeneity and its impact on benefit from
immune checkpoint inhibitors in NSCLC. J Thorac Oncol (2020) 15:1449–59.
doi: 10.1016/j.jtho.2020.04.026

46. Schoenfeld AJ, Rizvi H, Bandlamudi C, Sauter JL, TravisWD, RekhtmanN, et al.
Clinical and molecular correlates of PD-L1 expression in patients with lung
adenocarcinomas. Ann Oncol (2020) 31:599–608. doi: 10.1016/j.annonc.2020.01.065

47. Omori S, Kenmotsu H, Abe M, Watanabe R, Sugino T, Kobayashi H, et al.
Changes in programmed death ligand 1 expression in non-small cell lung cancer
patients who received anticancer treatments. Int J Clin Oncol (2018) 23:1052–9.
doi: 10.1007/s10147-018-1305-4

48. Jiang L, Guo F, Liu X, Li X, Qin Q, Shu P, et al. Continuous targeted kinase
inhibitors treatment induces upregulation of PD-L1 in resistant NSCLC. Sci Rep
(2019) 9:1–9. doi: 10.1038/s41598-018-38068-3

49. Wu J, Sun W, Yang X, Wang H, Liu X, Chi K, et al. Heterogeneity of
programmed death-ligand 1 expression and infiltrating lymphocytes in paired
resected primary and metastatic non-small cell lung cancer. Mod Pathol (2022)
35:218–27. doi: 10.1038/s41379-021-00903-w

50. Jotte R, Cappuzzo F, Vynnychenko I, Stroyakovskiy D, Rodrıǵuez-Abreu D,
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Velasco MT. Blood biomarkers of response to immune checkpoint inhibitors in
non-small cell lung cancer. J Clin Med (2022) 11:3245. doi: 10.3390/
jcm11113245
frontiersin.org

https://doi.org/10.1002/cam4.2974
https://doi.org/10.1136/THORAXJNL-2015-207252
https://doi.org/10.1016/J.EJRO.2020.100228
https://doi.org/10.1016/j.jtho.2020.08.018
https://doi.org/10.1097/JTO.0b013e318216ee6b
https://doi.org/10.1016/j.lungcan.2019.06.001
https://doi.org/10.1001/jamaoncol.2016.2453
https://doi.org/10.1200/JCO.2016.68.2005
https://doi.org/10.1016/J.CHEST.2017.04.177
https://doi.org/10.1200/JCO.2014.60.0379
https://doi.org/10.3390/jcm11113245
https://doi.org/10.3390/jcm11113245
https://doi.org/10.3389/fonc.2022.952393
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Choosing the optimal immunotherapeutic strategies for non-small cell lung cancer based on clinical factors
	1 Introduction
	2 Previous randomized control trials including ICIs for NSCLC
	3 Clinical predictive factors for ICI treatment outcomes
	3.1 Programmed death-ligand 1 (PD-L1) expression
	3.2 Driver mutation
	3.3 Metastatic site
	3.3.1 Liver
	3.3.2 Brain
	3.3.3 Pleural effusion


	4 ICIs for the special population
	4.1 Elderly
	4.2 Performance status 2
	4.3 Interstitial lung disease

	5 Discussion and conclusion
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


