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Purpose: Considering the limited data, we aimed to identify the greatest immune
activation irradiated site of common metastases and response to immune checkpoint
inhibitors simultaneously in non-small cell lung cancer (NSCLC).

Methods: A total of 136 patients with advanced NSCLC who had received radiation to a
primary or metastatic solid tumor were enrolled. We recorded blood cell counts in three
time periods, before, during, and after radiotherapy (RT), and derived some blood index
ratios including monocyte-to-lymphocyte ratio (MLR), neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index
(SII). The delta-IBs were calculated as medio-IBs ÷ pre-IBs − 1. We analyzed the
changes before and during RT using Spearman rank correlation test, Kruskal–Wallis
rank sum test, and logistic regression analyzing their correlation with efficacy.

Results: Themedians of delta-MLR and delta-PLR were both the lowest while the median
of delta-L was the highest in brain. Therapeutic effect evaluation showed that the objective
response rate (ORR) of 48.65% (18/37) in the brain irradiation group was the highest,
compared with 17.07% (7/41) in bone and 41.94% (13/31) in lung.

Conclusions: In this study, results suggested that irradiation to brain has the best
immune activation effect and patient outcome compared with other organs in NSCLC,
and when the earlier-line ICIs were combined with RT, a better patient outcome was
reached. Prospective studies are also necessary to provide more convincing evidence
and standards for clinical irradiation metastases selection.
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INTRODUCTION

Advanced NSCLC is the most common pathological type in lung
cancer with a 5-year survival rate of less than 5% (1). After the great
success of targeted therapy, immune checkpoint inhibitors (ICIs)
mainly targeting programmed cell death receptor-1 (PD-1)/
programmed cell death receptor-ligand 1 (PD-L1) have shown
great survival improvement in advanced NSCLC in recent years
(2). The facilitation of augmenting immunotherapy includes
increasing the release of tumor antigens and T-cell infiltration
and enhancing antigen presentation (3). However, as a solution to
overcoming immunotherapy resistance, radiotherapy seems more
effective (4–6). Current lines of evidence indicate that ionizing
irradiation (IR) seems inadequate to maintain antitumor immunity
due to common local relapses (3, 7). However, stereotactic body
radiation therapy (SBRT) is a novel mode of radiotherapy that
achieves local control rate range from 70% to 90% compared with
conventionally fractionated radiotherapy (CFRT) especially in
early-stage and oligometastatic NSCLC patients (8–10). SBRT
combined with ICIs can make mutual significant progresses
respectively, achieving the goal of “1+1>2”. However, there is
little study related to the specific number and localization of
irradiated lesions for advanced NSCLC patients with multiple
metastases, which should be considered as stratification
factors (11).

RT mainly activates immune system by enhancing antigen
presentation, as well as increasing the infiltration of inflammatory
cells (3). Studies revealed that in the development and progression
of cancer, inflammation is also a major driver including the fighting
among neutrophils, macrophages, lymphocytes, and tumor cells in
immunotherapy (12–14). In recent years, a variety of clinical studies
have shown inflammatory cells and some derived ratios are strongly
associated with the prognosis of patients in solid tumors, which is
lack of biomarkers except for PD-L1 and tumor mutational burden
(TMB) that is not prospectively validated though (15–18).
Considering the limitations of a clinical retrospective study in
NSCLC, the inflammatory indicators we collected can indirectly
reflect the activation of immune system during RT. Studies have
reported that once the anti-cancer therapy works, the immune
status of patients must be improved by increasing lymphocyte
counts and decreasing monocytes, resulting in an increase of
lymphocyte counts and LMR (19). Moreover, lower PLR may be
associated with a better survival and higher response rates in
immunotherapy and negative prognostic value is shown in SII as
well, which might help guide therapeutic strategies in
immunotherapy (17, 20, 21). When irradiation was involved in
combination with immunotherapy, the above inflammatory
biomarkers changed characteristically due to the difference
radiosensitivity in immune cells (22). Hypofractionated
stereotactic radiation therapy (HSRT) can not only increase the
frequency of lymphocytes, especially CD8+ T cells, but also decrease
inhibitory Tregs, which has an impact on the immune activation
and functional properties of T lymphocytes in cancer patients
(23, 24).

In terms of lung cancer, common distant metastatic sites
include brain, bone, liver, adrenal gland, contralateral lung,
and draining lymph node, which indicate a poor outcome
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frequently (25). However, as the genetic heterogeneity between
the primary and metastatic lesions, different irradiated sites
differing in inducing immunogenic cell death (ICD) and
durable anti-tumor immunity (26). Temporal variability and
the inter- and intra-tumoral spatial heterogeneity including
mutation profiles and tumor immune microenvironment are
also found to be different (27). Studies have revealed the site-
specific metastatic timing, indicating that lymph node is
susceptible to early metastatic seeding but pleura and some
distant sites tend to seed lately (28). Unique genetic alterations
are identified for different metastatic locations, which result in
altered molecular pathways and protein expressions, responding
to immunotherapy, respectively (29, 30). Immunotherapy as well
as RT for different metastases can make different immune system
changes. A study has suggested that stereotactic ablative
radiation therapy (SAR) induced systemic immunologic
changes dependent on irradiated sites (31), which indicated
that the combination therapy of RT to different organs and
immunotherapy probably affects synergistically. The purpose of
this study is to figure out the greatest immune activation effect
among different irradiated sites during immunotherapy, so as to
provide more beneficial clinical options for advanced
NSCLC patients.
METHODS

Patients
This retrospective study intended to find out the strongest
irradiated sites in immune activation effect and treatment
response with immunotherapy in advanced NSCLC. A total of
136 patients were included in the analysis, who had received
radiation to any organ for a primary or metastatic solid tumor
during immune monotherapy or combined with chemotherapy
or vascular endothelial growth factor receptor (VEGFR) therapy
in Shandong Cancer Hospital from July 2018 to February 2021.
The inclusion criteria included age, gender, height, weight,
smoking, drinking, Karnofsky performance status (KPS), TNM
staging, pathological pattern, treatment stage, medication of
immunotherapy, and the modality of RT. The exclusion
criteria included SCLC patients, age under 18 years old, KPS
score under 70, III or earlier-stage NSCLC, and radiotherapy
before or after immunotherapy. The patients were all staged
according to the American Joint Committee of Cancer eighth
edition TNM classification and staging system (32). The data in
this retrospective study did not require ethical certification.

Treatment Characteristics
All patients were treated with ICIs intravenously every 3 weeks
regardless of the expression of PD-1 or PD-L1. Some of them
were subjected to combination chemotherapy and the regimens
included pemetrexed, docetaxel, and gemcitabine, with or
without platinum. VEGFR was added to some patients, and
several patients were treated with the combination of the above
three therapeutic regimen. As for the VEGFR, the
representations are mainly Bevacizumab and Anlotinib.
During the immunotherapy, patients underwent 10 to 30
December 2021 | Volume 12 | Article 803247
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fractions of CFRT at 1.7–4.5 Gy per fraction, or 5 to 10 fractions
of SBRT at 5.0–10.0 Gy per fraction for cancer of any histologic
type and site (including brain, bone, lung, liver or adrenal
gland, and other organs) simultaneously. These sites were
irradiated according to patients’ symptoms or clinical
relevance preferentially, once daily, five fractions per week.
Radiation plans were normalized in that 95% of the plan tumor
volume received 100% of the prescribed dose. Besides, doses of
organs at risk (OARs) were limited within the safe range.

Blood Index Collection
Blood cell counts were recorded for all patients in three time
periods. The first stage was about 1 month before RT, during
which the blood indicators were called pre-inflammatory
biomarkers (pre-IBs). The other two stages were during and
after radiotherapy, called medio-inflammatory biomarkers
(medio-IBs) and post-inflammatory biomarkers (post-IBs),
respectively. Pre-IBs were specifically defined as from the first
day of immunotherapy to the beginning of radiotherapy. Medio-
IBs simply referred to the blood indicators between the first and
last day of radiotherapy. While considering the memory effect of
immunotherapy, post-IBs were defined as the period from the end
of radiotherapy to 2 months after the end of immunotherapy,
before the next line treatment. We recorded blood cell counts
more than once in each period and then averaged or derived them,
including neutrophils, lymphocytes, monocytes, platelets, MLR,
NLR, PLR, and SII. The delta-IBs were calculated as follows:

delta − IBs = medio − IBs ÷ pre − IBs – 1

Response Evaluation
The evaluation of the RT to different sites during
immunotherapy was based on immune response criteria in
solid tumor (iRECIST) (33). The enhanced magnetic resonance
imaging (MRI) and computed tomography (CT) of brain, neck,
chest, and abdomen of all patients were evaluated by at least two
deputy or chief physicians in the Department of Imaging and
Radiation, respectively, according to iRECIST. Tumor control
included complete response (CR) and partial response (PR),
which were classified as objective responders, while stable disease
(SD) and progressive disease (PD) were defined as non-
responders. Clinical benefit rate (CBR), including SD, PR, and
CR, was used considering the limited number of responders.

Statistical Analysis
We converted the continuous variables in the study into binary
variables by using receiver operating characteristic (ROC).
Spearman rank correlation test was used to compare the
correlation between blood indexes and different irradiated
groups and short-term efficacy. If the correlation coefficient is
greater than 0.2, it is considered to have statistical correlation.
Kruskal–Wallis rank sum test was used to determine which
indicators have differences within groups and then to compare
pairwise with a corrected a, whose significance was assumed at
less than 0.0083 (0.05/6). Univariate logistic regression analysis
was performed to evaluate the effect of independent variables on
short-term efficacy. We also conducted the factors whose p-value
Frontiers in Immunology | www.frontiersin.org 3
were lower than 0.05 into multivariate analysis in case of missing
indicators that might have clinical significance. IBM SPSS
Statistics software, version 25.0 (SPSS Inc., Chicago, IL), was
used for statistical analysis.
RESULTS

Patient Characteristics
Clinical baseline characteristics of the 136 patients enrolled are
summarized in Table 1, which were divided into 6 groups
according to different irradiated organs, namely, brain, bone,
lung with or without drainage area lymph node, liver, adrenal
gland(s), and soft tissue. Delta-MLR, delta-NLR, delta-PLR,
delta-SII, delta-L, and delta-M of three patients and delta-EOS
of eleven patients were lost. Short-term response after
radiotherapy was evaluated availably in 128 patients.

Irradiated Organs Correlation With
Blood Indicators
Spearman rank correlation test suggested that four of seven
delta-IBs have correlation with groups, among which delta-
MLR, delta-PLR, and delta-SII were positive (r = 0.339, 0.383,
and 0.271, p < 0.001) and delta-L was negative (r = −0.381, p <
0.001). After Kruskal–Wallis rank sum test, it was found that
three of these four indicators have inter-group differences,
TABLE 1 | Demographics and patient baseline characteristics.

Characteristics No. (%)

Sex
Male 101 (74.3)
Female 35 (25.7)

Age (years)
≤60 75 (55.0)
>60 61 (45.0)

ECOG performance status
≤1 124 (91.2)
≥2 12 (9.7)

Smoking status
Never 67 (49.3)
Current or former 69 (50.7)

Pathological pattern
Squamous cell carcinomas 35 (25.7)
Adenocarcinoma 91 (66.9)
Others 10 (7.4)

Treatment stage
First-line 31 (22.8)
Second-line 62 (45.6)
Third-line and more 43 (31.6)

Stage of disease
IV (M1a) 11 (8.1)
IV (M1b–M1c) 125 (91.9)

Irradiated sites
Brain 39 (28.7)
Bone 43 (31.6)

Lung (drainage area lymph node) 33 (24.3)
Liver 7 (5.1)
Adrenal grand 10 (7.4)
Soft tissue 4 (2.9)
December 2021 | Volume 12 | Artic
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namely, delta-MLR, delta-PLR, and delta-L (p = 0.001, 0.001, and
0.000). Then, we performed pairwise comparison among groups
based on the three indicators, and significance was assumed at p
less than 0.05 (Table 2). We found that the brain irradiation
group has statistical difference with the lung and adrenal gland
group in delta-MLR (p = 0.000 and 0.002). The median was
lowest in the brain group, but highest in adrenal gland (medians
= 0.208, 0.780, and 0.871). Similarly, in delta-PLR, there was
statistical difference between the brain group compared with the
bone, lung, and adrenal gland group (p = 0.002, 0.004, and
0.000), and the medians of the four groups increased in turn
(medians = −0.029, 0.307, 0.302, and 0.543). However, it was the
highest in brain in terms of delta-L (medians = −0.104, −0.300,
−0.340, and −0.457), which statistically differed from bone, lung,
and adrenal radiotherapy groups as well (p = 0.001, 0.000, and
0.000). Besides, there were subtle differences between lung and
bone in meaningful indicators (Figure 1).

Irradiated Organs Correlation With
Immune Response
Among the 128 evaluated patients, no patient reached CR. A
total of 41 patients reached PR (18 in brain, 7 in bone, 13 in lung,
1 in liver, and 2 in adrenal gland), 72 patients were SD (15 in
brain, 30 in bone, 17 in lung, 4 in liver, 4 in adrenal gland, and 2
in soft tissue), and 15 patients were PD (4 in brain, 4 in bone, 1 in
lung, 2 in liver, 2 in adrenal gland, and 2 in soft tissue), yielding
an ORR of 32.03% (41/128) and a CBR of 88.28% (113/128).

In the univariate analysis of Binary logistic regression, we
found that two factors were significantly associated with short-
term efficacy, which were groups [OR, 1.312; 95% CI, 1.041–
1.652; p = 0.021] and treatment stage [OR, 5.436; 95% CI, 1.955–
15.118; p = 0.001] (Table 3). Besides, no relationship was
discovered between all blood indicators and immune response.
The two independent variables with p < 0.05 in univariate
analysis were conducted to multivariate analysis. We found
that treatment stage [OR, 4.859; 95% CI, 1.723–13.700; p =
0.003] was the only one independent factor associated with
response in multivariate analysis. After sub-group univariate
analyses according to different irradiated sites, it was found
that brain, bone, and lung had statistically significant
correlations with short-term efficacy, with p < 0.05. As for
treatment line, first-line to third-line therapy all statistically
associated with therapeutic efficacy (p = 0.000, 0.000, and
0.009; OR = 0.077, 0.091, and 0.393).
Frontiers in Immunology | www.frontiersin.org 4
The therapeutic evaluation of each group showed that the
ORR of 48.65% (18/37) in the brain irradiation group was the
highest, compared with 17.07% (7/41) in the bone group and
41.94% (13/31) in the lung group (Figure 2). The CBR reached
92.9%, 91.7%, and 71.8% in the first-, second-, and third-line
therapy, respectively.
DISCUSSION

The combination of radiotherapy and immunotherapy seems to
be a major treatment in NSCLC in the future. However,
compared with more regulated immunotherapy, the irradiated
site and modality of radiotherapy are still inconclusive to date
(4). In clinical practice, in addition to palliative RT for patients
with obvious symptoms, the intervention of RT for multiple
metastases has always been questionable, regardless of the
timing, mode, or site (11).

The results of this analysis that enrolled 136 patients showed
that the medians of delta-MLR and delta-PLR were the lowest
and that of delta-L was the highest in the brain radiation group
during immunotherapy. Considering the significance of blood
indicators in the immune system (34), we hypothesize that
irradiation to brain has the strongest activation effect and anti-
tumor response on inflammatory. Moreover, in the subgroup
analysis of short-term efficacy in different irradiation sites, it was
also found that patients with brain RT had the best disease
control, reaching an ORR over 48%. About the reason, we
thought that it may be due to the fact that the blood–brain
barrier (BBB) was broken with RT. However, the ORR was
significantly lower in bone than that in lung, the reason for which
might have depended on patients’ subjective feeling instead of
the obvious visible lesion reduction radiographically, leading
mostly to SD. On the contrary, more PR and CR were reached
in the lung group. Therefore, considering blood indicators are
more intrinsic, we assumed that the immune activation effect was
equal in bone and lung. Based on the analyses, we hypothesized
that there were statistical differences in irradiated sites in the
activation of immune system and short-term survival during
immunotherapy in advanced NSCLC. However, due to the
limitation of this retrospective study, the mode, dose, and
targeted area of brain RT are also the direction for future studies.

Studies have revealed that primarymetastases had various levels
of genomic heterogeneity to distinct tumormigration patterns (35).
TABLE 2 | Correlation between blood indexes and RT groups as well as short-term efficacy.

Characteristics Delta-MLR Delta-NLR Delta-PLR Delta-SII Delta-L Delta-M Delta-EOS

Groups (irradiated sites) 0.339 0.175 0.383 0.271 −0.381 −0.041 0.195
Inter-group difference (p-value) 0.001 0.001 0.055 0.000
Short-term efficacy −0.024 0.017 0.163 0.122 −0.147 −0.138 −0.172
December 2021
 | Volume 12 | Ar
RT, radiotherapy; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; L, lymphocyte;
M, monocyte; EOS, eosinophils.
The bold values mean the correlation coefficients between blood indexes and different irradiated groups in Spearman rank correlation test. Similarly, the "0.000" means positive blood
indexes differ in specific irradiated sites via Kruskal-Wallis rank sum test.
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Related genes were enriched in differentmetastatic locations, which
wouldalter tumormicroenvironment and related inflammatory cell
distribution and finally influence the response to ICIs (28, 29). The
presence of liver metastases (LMs) is associated with lower
Frontiers in Immunology | www.frontiersin.org 5
prognosis in immunotherapy compared to metastases in other
organs (36). Hepatic tumor is hyper-vascularized and VEGFR is
highly expressed on endothelium, which resulted in the
accumulation of MDSCs, the decrease of cytotoxic T cells, and
TABLE 3 | Univariate analysis of clinical characteristics and inflammatory parameters in correlation with short-term efficacy.

Parameters p-value OR 95% CI

Clinical Characteristics
Age (≤60 vs. >60), years 0.351 1.653 0.575–4.752
Gender (Male vs. Female) 0.939 0.954 0.285–3.193
BMI 0.157 0.899 0.777–1.042
Pathological pattern

Squamous cell carcinomas vs. Adenocarcinoma and Others 0.254 0.551 0.198–1.535
Treatment stage
First-line vs. Second-line and Third-line and more 0.001 5.436 1.955–15.118

ICIs modalities
Monotherapy vs. CT combined vs. VEGFR combined and three modes combined 0.349 1.338 0.727–2.464
RT segmentation model (CFRT vs. SBRT) 0.883 1.178 0.132–10.471
Smoking status (Never vs. With) 0.894 0.931 0.327–2.655
Drinking status (Never vs. With) 0.376 0.497 0.106–2.335
ECOG performance status (≤1 vs. ≥2) 0.760 1.257 0.290–5.458
Groups (irradiated sites) 0.021 1.312 1.041–1.652
Brain 0.000 0.121 –

Bone 0.000 0.108 –

Lung (drainage area lymph node) 0.000 0.069 –

Liver 0.273 0.400 –

Adrenal grand 0.178 0.333 –

Soft tissue 1.000 1.000 –

Inflammatory Parameters
Delta-MLR 0.328 2.188 0.456–10.499
Delta-NLR 0.446 0.762 0.379–1.534
Delta-PLR 0.978 0.946 0.019–46.332
Delta-SII 0.735 1.412 0.191–10.406
Delta-L 0.985 1.033 0.031–34.744
Delta-M 0.101 0.083 0.004–1.621
Delta-EOS 0.249 0.698 0.379–1.285
Decem
ber 2021 | Volume 12
CI, confidence interval; BMI, body mass index; ICIs, immune checkpoint inhibitors; VEGFR, vascular endothelial growth factor receptor; CT, chemotherapy; CFRT, conventional
fractionated radiotherapy; SBRT, stereotactic body radiotherapy; ECOG, Eastern Cooperative Oncology Group; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; L, lymphocyte; M, monocyte; EOS, eosinophils.
FIGURE 1 | Statistical differences among groups exist in three inflammatory indicators. The medians of delta-MLR and delta-PLR were the lowest and the median of
delta-L was the highest in the brain radiation group during immunotherapy, while they were similar in bone and lung. which were both better than adrenal gland.
MLR, monocyte-to-lymphocyte ratio; PLR, neutrophil-to-lymphocyte ratio.
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the increase of Tregs (37). Similarly, the negative prognosis in
response to ICIs was also shown in bone metastases (38). Though
the definitive data were absent, ICIs in patients with stable brain
metastases represented a better therapeutic option (39). As
mentioned before, not only in immunotherapy do the responses
of metastases differ, RT for different organs can also make various
immune system changes. A prospective study suggested that
irradiation to lung and liver induces a decrease in total and
cytotoxic NK cells and an increase in activated CD4+ and CD8+
T cells, while these changes were not seen in nonparenchymal sites
(31). However, considering tumor heterogeneity, it is found that, in
single NSCLC, evidence characterizing the systemic immune
response after RT to different metastatic sites is limited. Our
study showed significantly different immune responses after RT
to primary or metastatic sites during immunotherapy in advanced
NSCLC. As a strategy for RT combined with immunotherapy,
patients with stable disease should consider brain metastases
irradiation to achieve the greatest immune activation effect and
short-term efficacy during ICIs, which is followed by bone, lung,
and adrenal gland, successively.

In recent years, RT especially SBRT for oligometastases
(OMs) made a big progress in NSCLC. The concept of OMs
was firstly proposed in 1995 by Hellman and Weichselbaum, of
which the consensus was established by the ESTRO and
ASTRO committee in 2020 referring to 1–5 metastatic
lesions, with a controlled primary tumor being optional and
all metastatic sites being safely treatable (40, 41). Many non-
randomized studies have shown that SBRT for OMs is safe and
effective with a local control rate of about 80% (42). However,
the standard optimal dose, fraction, and lesion number of SBRT
are still not clear in clinical NSCLC. Conventional views suggest
that SBRT to single-site lesion was enough, but there were
recent concerns that question whether multisite therapy was
superior to single lesion therapy (43). Due to the organs’ own
specific heterogenetic tumor-associated antigens, multisite
SBRT may broadly enhance the outcome of immunotherapy
by facilitating more antigen released (28, 44). Apart from the
number of sites to be verified by prospective clinical trials, the
Frontiers in Immunology | www.frontiersin.org 6
localization of SBRT combined with ICIs also remains unclear.
The results of this study can provide a reference for patients
with oligometastatic advanced NSCLC. As the immune-
activated effects of brain, bone, lung, and adrenal radiation
declined in sequence, the selection of SBRT to optimal location
may bring greater clinical benefit to patients. There were 6
patients subjected to SBRT in our study; 2 from the brain, 1
from the lung, and 1 from the adrenal gland group reached PR,
and 1 from the liver group had SD. The CBR reached 87.5% (5/
8), and just one patient irradiated at liver had PD. The
considerable results showed SBRT to brain and lung seems
more beneficial though it was limited by the small number
of patients.

Another concept of “Dissociated Response” (DR) was
defined as the coexistence of responding and non-responding
lesions within the same patient in the evaluation of cancer
systemic therapies (33). The incidence of DR was reported to be
about 21.5% in solid tumors and approximately 10% in
immunotherapy, which occurs more often in advanced
NSCLC (IIIB-IV) than in earlier stages (45). As for
subsequent therapy for DR patients, continuing the initial
ICIs instead of switching to the next-line antitumor therapy
indicated a better survival (46, 47). However, is it necessary to
select the locoregional RT site(s) among multiple metastases to
achieve more clinical benefits when continuing ICIs? This
knowledge may be crucial to refine ongoing and future
clinical studies combining RT and immunotherapy in
advanced NSCLC, especially in patients with DR.

By means of this clinical retrospective study, we can further
explore the mechanism of this phenomenon performed as an
immune activation effect of different irradiated sites during ICIs.
Understanding the differences of related molecular pathways,
inflammatory cell infiltration, and protein expression plays a
guiding role in discovering irradiated organs’ heterogeneity,
which could maximize the benefit of radioimmunotherapy. In
future prospective research, attention should be focused on the
following points: firstly, the choice of time point, the best choice
of patients treated firstly in order to reduce interference with the
FIGURE 2 | Short-term efficacy differs statistically in three groups. The result showed that the ORR of brain irradiation group was the highest compared with bone
and lung. ORR, objective response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
December 2021 | Volume 12 | Article 803247
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results; secondly, the screening of clinical indicators and
laboratory molecular phenotypes; and finally, the proper
statistical analysis of results.

Todate, this is thefirst study in advancedNSCLC to evaluate the
differences between immune system activation and short-term
efficacy of radiotherapy for primary lesion or distant metastases
during immunotherapy. However, there are several limitations in
this study. As it is a retrospective analysis, the characteristics of
clinical cases were complex. For example, earlier multi-line
treatments and local radiotherapy were involved, which might
have delayed the effect on immunotherapy subsequently. Also,
there are various kinds of ICIs and regimens, which may
influence the efficacy of immunotherapy. Prospective clinical
trials are warranted to provide more convincing evidence and
specific standards for combination therapy with RT and
immunotherapy in advanced NSCLC.
CONCLUSION

We have seen the differences in systemic immune activation after
RT to the brain, bone, lung, liver, adrenal gland, and soft tissue
during immunotherapy synchronously. The lowest medians of
delta-MLR and delta-PLR, the highest median of delta-L, and the
greatest ORR suggested that irradiation to brain may have the
strongest activation effect and best short-term efficacy compared
to other organs, which could provide clinical guidance for
patients with oligometastases undergoing SBRT and patients
with DR. Moreover, we discovered that when the earlier-line
ICIs were combined with RT, a better patient outcome was
reached. Surely, we could not exclude the fact that the dose,
volume, and modes for irradiated sites influenced the observed
results. What we hypothesized was that RT to brain compared to
other organs may be more immunomodulatory with
simultaneous systemic immunotherapy. However, considering
the limitations of this study, future prospective studies and lines
of evidence are essential for standardizing the specific irradiated
Frontiers in Immunology | www.frontiersin.org 7
metastases , which could maximize the benefi t s of
radioimmunotherapy in advanced NSCLC patients.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

MW, JL, SW, JRL, HW, JY, and XM contributed to the study. XM
and JY designed the project and approved the final manuscript.
JL made critical appraisals. JRL, HW, and SW are responsible for
modifying and editing this article. MW collected the clinical
patients information and drafted the article. All authors
contributed to the article and approved the submitted version.
FUNDING

This work was supported by the following grants: National Key
Research and Development Projects of China (2018YFC1312201),
the Foundation of National Natural Science Foundation of China
(81972863, 81627901, and 82030082), National Natural Science
Foundation of China (81972864), the Academic Promotion
Program of Shandong First Medical University (2019RC002), the
Science and Technology Support Plan for Youth Innovation Teams
ofUniversities in ShandongProvince (2019KJL001), and theMedical
Science and Technology Project of Henan Province (SB201901112).
REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68:394–
424. doi: 10.3322/caac.21492

2. Mathew M, Enzler T, Shu CA, Rizvi NA. Combining Chemotherapy With
PD-1 Blockade in NSCLC. Pharmacol Ther (2018) 186:130–7. doi: 10.1016/
j.pharmthera.2018.01.003

3. Sharabi AB, Lim M, DeWeese TL, Drake CG. Radiation and Checkpoint
Blockade Immunotherapy: Radiosensitisation and Potential Mechanisms of
Synergy. Lancet Oncol (2015) 16:e498–509. doi: 10.1016/S1470-2045(15)
00007-8

4. Ko EC, Raben D, Formenti SC. The Integration of Radiotherapy With
Immunotherapy for the Treatment of Non-Small Cell Lung Cancer. Clin
Cancer Res (2018) 24:5792–806. doi: 10.1158/1078-0432.CCR-17-3620

5. NgwaW, Irabor OC, Schoenfeld JD, Hesser J, Demaria S, Formenti SC. Using
Immunotherapy to Boost the Abscopal Effect. Nat Rev Cancer (2018) 18:313–
22. doi: 10.1038/nrc.2018.6
6. Somasundaram A, Burns TF. The Next Generation of Immunotherapy:
Keeping Lung Cancer in Check. J Hematol Oncol (2017) 10:87.
doi: 10.1186/s13045-017-0456-5

7. Deng L, Liang H, Burnette B, Beckett M, Darga T, Weichselbaum RR, et al.
Irradiation and Anti-PD-L1 Treatment Synergistically Promote Antitumor
Immunity in Mice. J Clin Invest (2014) 124:687–95. doi: 10.1172/JCI67313

8. Senan S, Rusthoven CG, Slotman BJ, Siva S. Progress in Radiotherapy for
Regional and Oligometastatic Disease in 2017. J Thorac Oncol (2018) 13:488–
96. doi: 10.1016/j.jtho.2018.02.001

9. Lindberg K, Grozman V, Karlsson K, Lindberg S, Lax I, Wersäll P, et al. The
HILUS-Trial-a Prospective Nordic Multicenter Phase 2 Study of Ultracentral
Lung Tumors Treated With Stereotactic Body Radiotherapy. J Thorac Oncol
(2021) 16:1200–10. doi: 10.1016/J.JTHO.2021.03.019

10. Moreno AC, Fellman B, Hobbs BP, Liao Z, Gomez DR, Chen A. Biologically
Effective Dose in Stereotactic Body Radiotherapy and Survival for Patients
With Early-Stage NSCLC. J Thorac Oncol (2020) 15:101–9. doi: 10.1016/
J.JTHO.2019.08.2505

11. Käsmann L, Eze C, Manapov F. Stereotactic Body Radiation Therapy (SBRT)
CombinedWith Immune Check-Point Inhibition (ICI) in Advanced Lung Cancer:
December 2021 | Volume 12 | Article 803247

https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.pharmthera.2018.01.003
https://doi.org/10.1016/j.pharmthera.2018.01.003
https://doi.org/10.1016/S1470-2045(15)00007-8
https://doi.org/10.1016/S1470-2045(15)00007-8
https://doi.org/10.1158/1078-0432.CCR-17-3620
https://doi.org/10.1038/nrc.2018.6
https://doi.org/10.1186/s13045-017-0456-5
https://doi.org/10.1172/JCI67313
https://doi.org/10.1016/j.jtho.2018.02.001
https://doi.org/10.1016/J.JTHO.2021.03.019
https://doi.org/10.1016/J.JTHO.2019.08.2505
https://doi.org/10.1016/J.JTHO.2019.08.2505
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wu et al. Immunotherapy Responses of Irradiated Organs
Which Metastatic Site Should be Irradiated to Induce Immunogenic Cell Death?
Int J Radiat Oncol Biol Phys (2020) 108:225–6. doi: 10.1016/j.ijrobp.2020.04.002

12. Menter DG, Kopetz S, Hawk E, Sood AK, Loree JM, Gresele P, et al. Platelet
“First Responders” in Wound Response, Cancer, and Metastasis. Cancer
Metastasis Rev (2017) 36:199–213. doi: 10.1007/s10555-017-9682-0

13. Siegfried G, Descarpentrie J, Evrard S, Khatib A-M. Proprotein Convertases:
Key Players in Inflammation-Related Malignancies and Metastasis. Cancer
Lett (2020) 473:50–61. doi: 10.1016/j.canlet.2019.12.027

14. Jiang L, Luan Y, Miao X, Sun C, Li K, Huang Z, et al. Platelet Releasate Promotes
Breast Cancer Growth and Angiogenesis via VEGF-Integrin Cooperative
Signalling. Br J Cancer (2017) 117:695–703. doi: 10.1038/bjc.2017.214

15. Lissoni P, Rovelli F, Vigorè L, Messina G, Lissoni A, Porro G. How to Monitor
the Neuroimmune Biological Response in Patients Affected by Immune
Alteration-Related Systemic Diseases. Methods Mol Biol (2018) 1781:171–
91. doi: 10.1007/978-1-4939-7828-1_10

16. Bianco A, Perrotta F, Barra G, Malapelle U, Rocco D, De Palma R. Prognostic
Factors and Biomarkers of Responses to Immune Checkpoint Inhibitors in
Lung Cancer. Int J Mol Sci (2019) 20. doi: 10.3390/IJMS20194931

17. Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, et al. Neutrophil-to-
Lymphocyte Ratio (NLR) and Platelet-to-Lymphocyte Ratio (PLR) as
Prognostic Markers in Patients With Non-Small Cell Lung Cancer
(NSCLC) Treated With Nivolumab. Lung Cancer (2017) 111:176–81.
doi: 10.1016/j.lungcan.2017.07.024

18. YarchoanM,HopkinsA, Jaffee EM. TumorMutational Burden andResponseRate to
PD-1 Inhibition.N Engl J Med (2017) 377:2500–1. doi: 10.1056/NEJMc1713444

19. Lim JU, Yeo CD, Kang HS, Park CK, Kim JS, Kim JW, et al. Prognostic Value
of Platelet Count and Lymphocyte to Monocyte Ratio Combination in Stage
IV Non-Small Cell Lung Cancer With Malignant Pleural Effusion. PloS One
(2018) 13:e0200341. doi: 10.1371/journal.pone.0200341

20. Chen J-H, Zhai E-T, Yuan Y-J, Wu K-M, Xu J-B, Peng J-J, et al. Systemic
Immune-Inflammation Index for Predicting Prognosis of Colorectal Cancer.
World J Gastroenterol (2017) 23:6261–72. doi: 10.3748/wjg.v23.i34.6261

21. Xu H, He A, Liu A, Tong W, Cao D. Evaluation of the Prognostic Role of
Platelet-Lymphocyte Ratio in Cancer Patients Treated With Immune
Checkpoint Inhibitors: A Systematic Review and Meta-Analysis. Int
Immunopharmacol (2019) 77:105957. doi: 10.1016/j.intimp.2019.105957

22. Falcke SE, Rühle PF, Deloch L, Fietkau R, Frey B, Gaipl US. Clinically Relevant
Radiation Exposure Differentially Impacts Forms of Cell Death in Human
Cells of the Innate and Adaptive Immune System. Int J Mol Sci (2018) 19.
doi: 10.3390/ijms19113574

23. Voos P, Fuck S, Weipert F, Babel L, Tandl D, Meckel T, et al. Ionizing
Radiation Induces Morphological Changes and Immunological Modulation of
Jurkat Cells. Front Immunol (2018) 9:922. doi: 10.3389/fimmu.2018.00922

24. Zhang T, Yu H, Ni C, Zhang T, Liu L, Lv Q, et al. Hypofractionated
Stereotactic Radiation Therapy Activates the Peripheral Immune Response
in Operable Stage I Non-Small-Cell Lung Cancer. Sci Rep (2017) 7:4866.
doi: 10.1038/s41598-017-04978-x

25. Niu F-Y, Zhou Q, Yang J-J, Zhong W-Z, Chen Z-H, Deng W, et al. Distribution
and Prognosis of Uncommon Metastases From Non-Small Cell Lung Cancer.
BMC Cancer (2016) 16:149. doi: 10.1186/s12885-016-2169-5

26. KimEY,ChoEN,ParkHS,KimA,Hong JY, LimS, et al. GeneticHeterogeneity of
Actionable Genes Between Primary and Metastatic Tumor in Lung
Adenocarcinoma. BMC Cancer (2016) 16:27. doi: 10.1186/s12885-016-2049-z

27. Ladányi A, Tıḿár J. Immunologic and Immunogenomic Aspects of Tumor
Progression. Semin Cancer Biol (2020) 60:249–61. doi: 10.1016/J.
SEMCANCER.2019.08.011

28. Tang W-F, Wu M, Bao H, Xu Y, Lin J-S, Liang Y, et al. Timing and Origins of
Local and Distant Metastases in Lung Cancer. J Thorac Oncol (2021) 16:1136–
48. doi: 10.1016/J.JTHO.2021.02.023

29. Wellenstein MD, de Visser KE. Cancer-Cell-Intrinsic Mechanisms Shaping
the Tumor Immune Landscape. Immunity (2018) 48:399–416. doi: 10.1016/
j.immuni.2018.03.004

30. Passaro A, Attili I, Morganti S, Del Signore E, Gianoncelli L, Spitaleri G, et al.
Clinical Features Affecting Survival in Metastatic NSCLC Treated With
Immunotherapy: A Critical Review of Published Data. Cancer Treat Rev
(2020) 89:102085. doi: 10.1016/j.ctrv.2020.102085

31. McGee HM, Daly ME, Azghadi S, Stewart SL, Oesterich L, Schlom J, et al.
Stereotactic Ablative Radiation Therapy Induces Systemic Differences in Peripheral
Frontiers in Immunology | www.frontiersin.org 8
Blood Immunophenotype Dependent on Irradiated Site. Int J Radiat Oncol Biol
Phys (2018) 101:1259–70. doi: 10.1016/J.IJROBP.2018.04.038

32. Koul R, Rathod S, Dubey A, Bashir B, Chowdhury A. Comparison of 7th and 8th
Editions of the UICC/AJCC TNM Staging for Non-Small Cell Lung Cancer in a
Non-Metastatic North American Cohort Undergoing Primary Radiation Treatment.
Lung Cancer (2018) 123:116–20. doi: 10.1016/J.LUNGCAN.2018.06.029

33. Liang H, Xu Y, Chen M, Zhong W, Wang M, Zhao J. Patterns of Response in
Metastatic NSCLC During PD-1 or PD-L1 Inhibitor Therapy: Comparison of
the RECIST 1.1 and Irecist Criteria. Thorac Cancer (2020) 11:1068–75.
doi: 10.1111/1759-7714.13367

34. Dolan RD, Lim J, McSorley ST, Horgan PG, McMillan DC. The Role of the
Systemic Inflammatory Response in Predicting Outcomes in Patients With
Operable Cancer: Systematic Review and Meta-Analysis. Sci Rep (2017)
7:16717. doi: 10.1038/s41598-017-16955-5

35. Heindl A, Nawaz S, Yuan Y. Mapping Spatial Heterogeneity in the Tumor
Microenvironment: A New Era for Digital Pathology. Lab Invest (2015)
95:377–84. doi: 10.1038/labinvest.2014.155

36. Funazo T, Nomizo T, Kim YH. Liver Metastasis Is Associated With Poor
Progression-Free Survival in Patients With Non-Small Cell Lung Cancer Treated
With Nivolumab. J Thorac Oncol (2017) 12:e140–1. doi: 10.1016/j.jtho.2017.04.027

37. Tagliamonte M, Petrizzo A, Tornesello ML, Ciliberto G, Buonaguro FM, Buonaguro
L. Combinatorial Immunotherapy Strategies for Hepatocellular Carcinoma. Curr
Opin Immunol (2016) 39:103–13. doi: 10.1016/J.COI.2016.01.005

38. Landi L, D’Incà F, Gelibter A, Chiari R, Grossi F, Delmonte A, et al. Bone
Metastases and Immunotherapy in Patients With Advanced Non-Small-Cell Lung
Cancer. J Immunother Cancer (2019) 7:316. doi: 10.1186/S40425-019-0793-8

39. Gadgeel SM, Lukas RV, Goldschmidt J, Conkling P, Park K, Cortinovis D,
et al. Atezolizumab in Patients With Advanced Non-Small Cell Lung Cancer
and History of Asymptomatic, Treated Brain Metastases: Exploratory
Analyses of the Phase III OAK Study. Lung Cancer (2019) 128:105–12.
doi: 10.1016/j.lungcan.2018.12.017

40. Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol (1995) 13:8–10.
doi: 10.1200/JCO.1995.13.1.8

41. Lievens Y, Guckenberger M, Gomez D, Hoyer M, Iyengar P, Kindts I, et al.
Defining Oligometastatic Disease From a Radiation Oncology Perspective: An
ESTRO-ASTRO Consensus Document. Radiother Oncol (2020) 148:66.
doi: 10.1016/J.RADONC.2020.04.003

42. Chalkidou A, Macmillan T, Grzeda MT, Peacock J, Summers J, Eddy S, et al.
Stereotactic Ablative Body Radiotherapy in Patients With Oligometastatic
Cancers: A Prospective, Registry-Based, Single-Arm, Observational, Evaluation
Study. Lancet Oncol (2021) 22:98–106. doi: 10.1016/S1470-2045(20)30537-4

43. Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C, et al.
Stereotactic Ablative Radiotherapy for the Comprehensive Treatment of
Oligometastatic Cancers: Long-Term Results of the SABR-COMET Phase II
Randomized Trial. J Clin Oncol (2020) 38:2830–8. doi: 10.1200/JCO.20.00818

44. Luke JJ, Lemons JM, Karrison TG, Pitroda SP, Melotek JM, Zha Y, et al. Safety
and Clinical Activity of Pembrolizumab and Multisite Stereotactic Body
Radiotherapy in Patients With Advanced Solid Tumors. J Clin Oncol (2018)
36:1611–8. doi: 10.1200/JCO.2017.76.2229

45. Hodi FS, Ballinger M, Lyons B, Soria J-C, Nishino M, Tabernero J, et al.
Immune-Modified Response Evaluation Criteria in Solid Tumors (Imrecist):
Refining Guidelines to Assess the Clinical Benefit of Cancer Immunotherapy.
J Clin Oncol (2018) 36:850–8. doi: 10.1200/JCO.2017.75.1644

46. Sato Y, Morimoto T, Hara S, Nagata K, Hosoya K, Nakagawa A, et al. Dissociated
Response and Clinical Benefit in Patients Treated With Nivolumab Monotherapy.
Invest New Drugs (2021) 39:1170–8. doi: 10.1007/s10637-021-01077-7

47. Zhou H, Sun Y, Xiu W, Han J, Zhong L, Suo J, et al. Overall Survival Benefit of
Continuing Immune Checkpoint Inhibitors Treatment Post Dissociated
Response in Patients With Advanced Lung Cancer. J Cancer Res Clin Oncol
(2020) 146:2979–88. doi: 10.1007/S00432-020-03282-Y

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
December 2021 | Volume 12 | Article 803247

https://doi.org/10.1016/j.ijrobp.2020.04.002
https://doi.org/10.1007/s10555-017-9682-0
https://doi.org/10.1016/j.canlet.2019.12.027
https://doi.org/10.1038/bjc.2017.214
https://doi.org/10.1007/978-1-4939-7828-1_10
https://doi.org/10.3390/IJMS20194931
https://doi.org/10.1016/j.lungcan.2017.07.024
https://doi.org/10.1056/NEJMc1713444
https://doi.org/10.1371/journal.pone.0200341
https://doi.org/10.3748/wjg.v23.i34.6261
https://doi.org/10.1016/j.intimp.2019.105957
https://doi.org/10.3390/ijms19113574
https://doi.org/10.3389/fimmu.2018.00922
https://doi.org/10.1038/s41598-017-04978-x
https://doi.org/10.1186/s12885-016-2169-5
https://doi.org/10.1186/s12885-016-2049-z
https://doi.org/10.1016/J.SEMCANCER.2019.08.011
https://doi.org/10.1016/J.SEMCANCER.2019.08.011
https://doi.org/10.1016/J.JTHO.2021.02.023
https://doi.org/10.1016/j.immuni.2018.03.004
https://doi.org/10.1016/j.immuni.2018.03.004
https://doi.org/10.1016/j.ctrv.2020.102085
https://doi.org/10.1016/J.IJROBP.2018.04.038
https://doi.org/10.1016/J.LUNGCAN.2018.06.029
https://doi.org/10.1111/1759-7714.13367
https://doi.org/10.1038/s41598-017-16955-5
https://doi.org/10.1038/labinvest.2014.155
https://doi.org/10.1016/j.jtho.2017.04.027
https://doi.org/10.1016/J.COI.2016.01.005
https://doi.org/10.1186/S40425-019-0793-8
https://doi.org/10.1016/j.lungcan.2018.12.017
https://doi.org/10.1200/JCO.1995.13.1.8
https://doi.org/10.1016/J.RADONC.2020.04.003
https://doi.org/10.1016/S1470-2045(20)30537-4
https://doi.org/10.1200/JCO.20.00818
https://doi.org/10.1200/JCO.2017.76.2229
https://doi.org/10.1200/JCO.2017.75.1644
https://doi.org/10.1007/s10637-021-01077-7
https://doi.org/10.1007/S00432-020-03282-Y
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wu et al. Immunotherapy Responses of Irradiated Organs
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Wu, Liu, Wu, Liu, Wu, Yu and Meng. This is an open-access
article distributed under the terms of the Creative Commons Attribution
Frontiers in Immunology | www.frontiersin.org 9
License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.
December 2021 | Volume 12 | Article 803247

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Systemic Immune Activation and Responses of Irradiation to Different Metastatic Sites Combined With Immunotherapy in Advanced Non-Small Cell Lung Cancer
	Introduction
	Methods
	Patients
	Treatment Characteristics
	Blood Index Collection
	Response Evaluation
	Statistical Analysis

	Results
	Patient Characteristics
	Irradiated Organs Correlation With Blood Indicators
	Irradiated Organs Correlation With Immune Response

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	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


