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Background: Among patients with advanced non-small-cell lung cancer who were
treated with nivolumab monotherapy, the association of peripheral blood count data (at
baseline and 2 weeks after treatment initiation) with the early onset of immune-related
adverse events (irAEs) and treatment efficacy has not been clearly established. This study
aimed to identify peripheral blood count data that may be predictive of the development of
nivolumab-induced irAEs in a real-world clinical setting.

Materials and Methods: This multicenter observational study retrospectively evaluated
consecutive patients with advanced non-small-cell lung cancer undergoing nivolumab
monotherapy in the second- or later-line setting between December 2015 and November
2018 at the National Cancer Center Hospital and Keio University Hospital in Japan. The
primary endpoint was the association between peripheral blood count data and irAEs
during the 6-week study period. Receiver operating characteristic curve and multivariable
logistic regression analyses were performed.

Results: Of the 171 patients evaluated, 73 (42.7%) had ≥1 irAE during the first 6 weeks
following treatment initiation. The median time to irAEs from the initiation of nivolumab was
15 (interquartile range: 13–28) days. Receiver operating characteristic curve analyses
revealed that the optimal cut-off values of the absolute lymphocyte count, neutrophil-to-
lymphocyte ratio, and lymphocyte-to-monocyte ratio 2 weeks after treatment initiation for
early irAE onset were 820, 4.3, and 2.2, respectively. In multivariable logistic regression
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analyses, absolute lymphocyte count >820 at 2 weeks after treatment initiation was
significantly associated with an increased risk of early onset of any irAE. In contrast, no
significant association was observed for the neutrophil-to-lymphocyte ratio (>4.3) or the
lymphocyte-to-monocyte ratio (>2.2) at 2 weeks following treatment initiation.

Conclusions: The absolute lymphocyte count >820 at 2 weeks following nivolumab
initiation predicts early onset of irAEs during a 6-week study period. Routinely available
absolute lymphocyte count, which is measured after the initiation of nivolumab, may be
useful for identifying patients at risk of early onset of irAEs.
Keywords: absolute lymphocyte count, biomarker, lymphocyte-to-monocyte ratio, neutrophil-to-lymphocyte ratio,
nivolumab, non-small-cell lung cancer
INTRODUCTION

Lung cancer is a major cause of morbidity and mortality
worldwide (1). The development of immune checkpoint
inhibitors (ICIs) has markedly modified the treatment
paradigm in cancer, leading to durable responses in patients
with malignant tumors. Pivotal phase III trials (2–4) have found
that ICI monotherapy is markedly superior to standard second-
line docetaxel chemotherapy in prolonging survival of previously
treated patients with advanced non-small-cell lung cancer
(NSCLC). However, ICIs are also associated with the
development of immune-related adverse events (irAEs), which
remain an unresolved issue in clinical practice (5, 6). Further,
Shah et al. (7) reported an association between age and irAEs and
identified the risk factors for irAEs in patients treated with ICIs.
In contrast, programmed death-ligand 1 (PD-L1) expression was
only a predictive biomarker for the efficacy of pembrolizumab.
More importantly, routinely available peripheral blood
biomarkers predictive of irAEs were inconsistent with those
reported in previous studies and thus, remain controversial
(8, 9).

In recent years, irAEs induced by the anti-PD-1 antibodies,
nivolumab and pembrolizumab, have been shown to be
associated with a survival benefit in patients with advanced
NSCLC and malignant melanoma (10–19). Early detection of
nivolumab-induced irAEs is crucial because of their negative
impact on the patient’s quality of life and associated burden on
healthcare resources and costs. Routinely available peripheral
blood count data, such as the absolute lymphocyte count (ALC),
neutrophil-to-lymphocyte ratio (NLR), and lymphocyte-to-
monocyte ratio (LMR), have the potential to predict treatment
efficacy in patients with advanced NSCLC (20–23). Hence, we
hypothesized that peripheral blood count data can also predict
nivolumab-induced irAEs in patients with advanced NSCLC.
ICIs interrupt immune suppression and activate CD8-positive T
lymphocytes in the tumor microenvironment. These activated T
ount; AMC, absolute monocyte count;
ence interval; ICI, immune checkpoint
immune-related adverse event; LMR,
hil-to-lymphocyte ratio; NSCLC, non-
-L1, programmed death-ligand 1.
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lymphocytes not only attack the tumors but also cause irAEs,
suggesting that these activated CD8-positive T lymphocytes exert
systemic actions (22). Taken together, we explored the
hypothesis that an increase in ALC and a related change in
blood count ratios may help predict irAEs. To the best of our
knowledge, no large-scale multicenter study has investigated the
association of peripheral blood count data (at baseline and 2
weeks after treatment initiation) with the early onset of irAEs
and treatment efficacy in patients with advanced NSCLC treated
with nivolumab monotherapy.

Therefore, this study aimed to identify peripheral blood count
data that may be predictive of the development of nivolumab-
induced irAEs in a real-world clinical setting.
MATERIALS AND METHODS

Study Design and Patients
This multicenter, retrospective observational study was
conducted at the National Cancer Center Hospital, Keio
University Hospital, and Keio University Faculty of Pharmacy,
Tokyo, Japan. Research members from the Keio University
Faculty of Pharmacy acquired data from electronic medical
records at the National Cancer Center Hospital and Keio
University Hospital. Data integration was performed at Keio
University Faculty of Pharmacy, and subsequent statistical
analyses were performed at Kyoto University Graduate School
of Medicine, Kyoto, Japan. The methodology of this study has
been previously reported by our co-author (24).

The subjects were consecutive patients, who were aged
≥20 years, diagnosed with advanced NSCLC, and underwent
nivolumab monotherapy in the second- or later-line setting
between December 2015 and November 2018 at the National
Cancer Center Hospital and Keio University Hospital.
Nivolumab was administered at a dose of 3 mg/kg every
2 weeks until August 2018, and thereafter, at a dose of 240
mg/body every 2 weeks according to the prescribing information
contained in the package insert. The treatment schedule and
follow-up were modified at the clinicians’ discretion according to
toxicity profiles. Clinic visits and imaging evaluations were
conducted every 6 to 8 weeks starting at treatment initiation
according to the Response Evaluation Criteria in Solid Tumors
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(version 1.1). Patient records were de-identified and analyzed
anonymously. The exclusion criteria were as follows (1): history
of prior administration of any ICIs and/or investigational drugs as
part of a clinical trial or at a previous hospital before the investigation
period (2), discontinuation of treatment owing to death or hospital
transfer during the first 6 weeks, (3) discontinuation of treatment
after the first cycle because of disease progression or adverse events,
(4) lack of laboratory data 2 weeks after the first cycle (acceptable
range from day 12 to 16), and (5) study participation shorter than
6 weeks (i.e., patients who started treatment between October and
November 2018).

Study Protocol
We used a landmark analysis considering the lead-time bias
owing to the time-dependent nature of irAEs (10, 11). Haratani
et al. (10) reported that this approach reduced overestimation.
Adverse events after the first cycle could be easily detected because
the patients were hospitalized. Thus, we focused on the early onset
of irAEs and included only patients with controlled disease and
those who were alive 6 weeks after treatment initiation. The
collected data included patients’ baseline characteristics [age, sex,
Eastern Cooperative Oncology Group performance status (scores
ranging from 0 to 5, with higher numbers reflecting greater
disability)], treatment lines, peripheral blood count data [ALC,
absolute neutrophil count (ANC), and absolute monocyte count
(AMC) at baseline (defined as the most recent blood count within
1 week before treatment initiation) and 2 weeks after treatment
initiation], and the incidence and types of irAEs. In the present
study, we adopted irAEs as routinely assessed by physicians. Any
irAEs that occurred after 6 weeks of nivolumab administration
were not counted. In addition, infusion reactions, which can be
observed with the use of any monoclonal antibody, were not
included as irAEs, according to previous studies (12, 25, 26).

The studies involving human participants were reviewed and
approved by the ethics committees of the National Cancer
Center Hospital, Keio University Hospital, and Keio University
Faculty of Pharmacy, Tokyo, Japan (approval numbers: 2019-
199, 20180313, and 200918-2, respectively). The study was
conducted in accordance with the Declaration of Helsinki and
the Ministry of Education, Culture, Sports, Science, and
Technology and Ministry of Health, Labour and Welfare Ethical
Guidelines for Medical and Health Research Involving Human
Subjects. Japanese law does not require individual informed
consent from participants in non-invasive observational trials,
such as the present study. Therefore, we used the National
Cancer Center Hospital and Keio University Hospital official
website to provide an opt-out option rather than acquiring
written or verbal informed consent from each participant.

Endpoint
The primary endpoint was the association between peripheral
blood count data (at baseline and 2 weeks after treatment
initiation) and the early onset of irAEs. Consistently, with the
use of potential peripheral blood biomarkers reported in previous
studies (20–23), peripheral blood count data were used to calculate
the ALC, NLR, and LMR. Changes in the ALC, NLR, and LMR
were evaluated by comparing the 2-week values with their
Frontiers in Oncology | www.frontiersin.org 3
respective baseline values. Additionally, decrements or
increments in ALC, ANC, and AMC 2 weeks after treatment
initiation relative to baseline levels were evaluated. The secondary
endpoint was the association of peripheral blood count data (at
baseline and 2 weeks after treatment initiation) with skin reactions
and diarrhea, the most frequently observed irAEs.

Statistical Analyses
Receiver operating characteristic curve analyses and Youden’s
index (27) were used to determine the optimal cut-off values of
the abovementioned potential peripheral blood biomarkers to
predict the early onset of irAEs. The maximum Youden’s index
was calculated as sensitivity – (1 – specificity). Subsequently,
positive predictive values and negative predictive values were
also calculated. Multivariable logistic regression analyses were
performed to assess the association between peripheral blood
biomarkers and the early onset of irAEs. Potential explanatory
variables concerning the patient’s background such as age, Eastern
Cooperative Oncology Group performance status (2 vs. 0–1), and
treatment line (later- vs. second-line treatment) were included as
independent variables in the multivariable models. Shah et al. (7)
reported an association between age and irAEs. Other explanatory
variables were determined through clinical judgment. All
statistical analyses were performed using SAS (version 9.4) and
JMP (version 15.0.0; SAS Institute Inc., Cary, NC, USA). A two-
sided P-value <0.05 was considered statistically significant.
RESULTS

Patient Characteristics
Of the 348 patients initially identified, 177 were excluded. Thus,
171 patients were included in the analysis. The patient inclusion
flowchart is shown in Figure 1. Baseline patient characteristics
are listed in Table 1. The median age of the patients was 64
[interquartile range (IQR): 56–69] years. In total, 102 (59.6%), 31
(18.1%), and 38 (22.2%) patients underwent nivolumab
monotherapy as second-line, third-, and ≥fourth-line
treatment, respectively. PD-L1 expression was not measured
because it was not mandatory in the second- or later-line setting.
Endpoints
As shown in Table 2, 73 (42.7%) patients had early onset irAEs.
Skin reactions and diarrhea were observed in 44 (25.7%) and 20
(11.7%) patients, respectively. The median time to irAEs from
the initiation of nivolumab was 15 (IQR: 13–28) days. The
median values for ALC, ANC, and AMC at baseline were 1,192
cells/mm3 (IQR: 860–1,612 cells/mm3), 4,688 cells/mm3 (IQR:
3,463–5,841 cells/mm3), and 449 cells/mm3 (IQR: 350–616 cells/
mm3), respectively. The median values for ALC, ANC, and AMC
at 2 weeks were 1,303 cells/mm3 (IQR: 917–1,700 cells/mm3),
4,590 cells/mm3 (IQR: 3,468–6,219 cells/mm3), and 459 cells/
mm3 (IQR: 374–599 cells/mm3), respectively.

Results of the receiver operating characteristic curve analyses
of continuous variables are shown in Figure 2. Overall, the ALC,
May 2021 | Volume 11 | Article 618570
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NLR, and LMR 2 weeks after treatment initiation showed
relatively larger areas under the curve in the receiver operating
characteristic analyses of early onset irAEs than the ALC, NLR,
and LMR at baseline and changes in ALC, NLR, and LMR from
baseline to 2 weeks after treatment initiation. The areas under the
curve for the ALC, NLR, and LMR 2 weeks after treatment
initiation were 0.572, 0.560, and 0.535, respectively. The optimal
cut-off values for the ALC, NLR, and LMR were 820, 4.3, and 2.2,
respectively, whereas the Youden’s index values were 0.180, 0.151,
and 0.141, respectively. The sensitivity, specificity, positive
predictive value, and negative predictive value for those cut-offs
of ALC were 90.4, 27.6, 66.0, and 27.0%, respectively. The
Frontiers in Oncology | www.frontiersin.org 4
sensitivity, specificity, positive predictive value, and negative
predictive value for those cut-offs of NLR were 67.1, 48.0, 49.0,
and 47.0%, respectively. The sensitivity, specificity, positive
predictive value, and negative predictive value for those cut-offs
of LMR were 75.3, 38.8, 55.0, and 38.0%, respectively.

As shown in Table 3, multivariable logistic regression
analyses revealed that ALC >820 at 2 weeks after treatment
initiation was significantly associated with an increased risk of
early onset of any irAE [adjusted odds ratio (OR): 3.58, 95%
confidence interval (CI): 1.42–9.05; P = 0.007]. In contrast, no
significant association was observed for NLR (>4.3; adjusted OR:
0.57, 95% CI: 0.30–1.08; P = 0.083) or LMR (>2.2; adjusted OR:
1.79, 95% CI: 0.90–3.56; P = 0.095) 2 weeks after treatment
initiation. In addition, multivariable logistic regression analyses
FIGURE 1 | Patient enrollment flowchart. ICI, immune checkpoint inhibitor.
TABLE 2 | Immune-related adverse events within 6 weeks of initiating
nivolumab treatment.

Event Patients (N = 171)

Any irAE, N (%) 73 (42.7)
Skin reaction 44 (25.7)
Diarrhea 20 (11.7)
Thyroiditis/hypothyroidism 15 (8.8)
Liver dysfunction 3 (1.8)
Pneumonitis 2 (1.2)
Encephalitis 1 (0.6)
Myasthenia gravis 1 (0.6)
Venous blood thromboembolism 1 (0.6)
May 2021 | Volume
irAE, immune-related adverse event.
TABLE 1 | Baseline clinicodemographic characteristics.

Characteristic Patients (N = 171)

Age (years), median (IQR) 64 (56–69)
Sex, N (%)
Male 113 (66.1)
Female 58 (33.9)

ECOG PS, N (%)
0 53 (31.0)
1 101 (59.1)
2 17 (9.9)

Treatment line, N (%)
Second 102 (59.6)
Third 31 (18.1)
≥Fourth 38 (22.2)
ECOGPS, Eastern Cooperative Oncology Group performance status; IQR, interquartile range.
11 | Article 618570
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revealed that there was no significant association between
decrements in ALC, ANC, and AMC from 2 weeks after
treatment initiation to baseline and early onset of any irAE
(adjusted OR: 1.26, 95% CI: 0.68–2.35; P = 0.460, adjusted OR:
1.17, 95% CI: 0.63–2.16; P = 0.612, and adjusted OR: 1.42, 95%
CI: 0.77–2.62; P = 0.267, respectively).
Frontiers in Oncology | www.frontiersin.org 5
In relation to the secondary endpoint, there was no significant
association of ALC >820, NLR >4.3, and LMR >2.2 at 2 weeks
after treatment initiation with skin reactions and diarrhea
(adjusted OR: 2.15, 95% CI: 0.85–5.45; P = 0.108, adjusted
OR: 0.79, 95% CI: 0.41–1.54; P = 0.492, and adjusted OR: 1.47,
95% CI: 0.72–3.03; P = 0.293, respectively).
A B C

D E F

G H I

FIGURE 2 | Receiver operating characteristic curves for the early onset of any immune-related adverse event. (A) ALC, (B) NLR, and (C) LMR at baseline. (D) ALC,
(E) NLR, and (F) LMR at 2 weeks after treatment initiation. (G) ALC, (H) NLR, and (I) LMR at 2 weeks/baseline. ALC, absolute lymphocyte count; AUC, areas under
the curve; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio.
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DISCUSSION

The peripheral blood biomarkers predictive of irAEs have been
inconsistent in previous studies (8, 9) and thus, remain
controversial. The present study showed that ALC >820 at 2
weeks after treatment initiation was significantly associated with
an increased risk of early onset of any irAE in patients with
advanced NSCLC who received nivolumab monotherapy in the
second- or later-line setting. This confirms our hypothesis that
peripheral blood count data can predict nivolumab-induced
irAEs in patients with advanced NSCLC. To the best of our
knowledge, this is the first multicenter study to investigate
whether routinely available ALC can predict nivolumab-
induced irAEs using a landmark analysis.

Previous studies (20–23) have focused on the association
between peripheral blood count data and ICI treatment efficacy.
Additionally, there have been multiple studies already published
that examine the role of peripheral blood count data and the
association with the development of irAEs (8, 9, 22, 28, 29).
However, most of them have combined several ICI treatments
such as niolumab, pembrolizumab, and atezolizumab. This could
have bolstered their total numbers of patients. Nivolumab was a first
in class as a second-line treatment in advanced NSCLC. Moreover,
there is a difference between the treatment intervals of nivolumab
(every 2 weeks) and pembrolizumab (every 3 weeks). The present
study evaluated two points, at baseline and after treatment. Thus, we
Frontiers in Oncology | www.frontiersin.org 6
focused on nivolumab alone. Diehl et al. (8) reported that in patients
with solid tumors who were treated with nivolumab (N = 125) or
pembrolizumab (N = 42) with or without ipilimumab, ALC >2,000
at baseline or 4 weeks after treatment initiation was significantly
associated with the development of grade ≥2 irAEs. Pavan et al. (9)
also reported that in patients with advanced NSCLC who were
treated with nivolumab (N = 145), pembrolizumab (N = 32), or
atezolizumab (N = 7), a baseline NLR <3 and platelet-to-lymphocyte
ratio <180 were significantly associated with the development of
irAEs. Furthermore, our co-author previously investigated the
association of pre- or post-treatment LMR and NLR values (2
and 4 weeks after nivolumab treatment) with the treatment efficacy
of nivolumab and the early onset of irAEs (defined as the
presentation of irAEs within 4 weeks of treatment initiation) (22).
The results showed that these peripheral blood biomarkers at
baseline and 2 weeks after treatment initiation were not associated
with the early onset of irAEs. However, those studies did not use
landmark analysis. To account for the presence of lead-time bias
associated with the time-dependent development of irAEs, we
conducted a 6-week analysis in accordance with previous studies
(10, 11). Other reasons for choosing a 6-week period included the
occurrence rate of irAEs and the timing of computed tomography.
The occurrence rate of irAEs is approximately 50% within 6 weeks
of initiating ICI therapy (10–14, 21). In terms of imaging, the
follow-up period for patients with advanced NSCLC in Japan is
generally between 6 and 8 weeks following treatment initiation (10).

The findings of the current study reveal that the ALC 2 weeks
after treatment initiation may predict the early onset of irAEs in
patients with advanced NSCLC and is consistent with the results
of a previous study (8). In contrast, there was a discrepancy
between our findings and the predictive capacity of NLR and
LMR reported in some previous studies (9, 22). The reason for
this discrepancy remains unclear. However, in our view, ALC is a
key parameter. The interaction between anti-PD-1 and PD-L1
prevents the activation and proliferation of T cells. Inhibition of
PD-L1 binding with anti-PD-1 induces T cell activation in the
priming phase and increases the number of cytotoxic T cells (30).
The increase in activity or number of activated T cells may result
in an increased frequency of irAEs. The results of this study were
consistent with our hypothesis. These findings suggest that
peripheral blood biomarkers, which are evaluated after the
initiation of nivolumab treatment may be useful for identifying
patients at risk of early irAE onset. Importantly, the early
detection of irAEs can help in reducing the negative effect on
the patient’s quality of life. Our results of no association between
ALC >820 and the development of skin reactions and diarrhea
were underpowered (P = 0.108) to detect statistical significance.
The number of events of skin reactions and diarrhea was 64.

The processes underlying the presentation of irAEs have not
been completely clarified. Early studies (31–35) suggest several
potential mechanisms, ranging from shared antigens between the
tumor and the affected tissue to preexisting autoantibodies and
microbiome. In this study, we primarily focused on the
association of an increase in ALC and associated changes in
blood count ratios with any irAE according to the potential
mechanisms. These biomarkers, once validated, are easily
TABLE 3 | Multivariable logistic regression analyses of the early onset of
immune-related adverse events.

(A) ALC at 2 weeks after treatment initiation

Variables Adjusted OR 95% CI P-value

ALC (>820) at 2 weeks 3.58 1.42–9.05 0.007
Age (years) 1.00 0.97–1.03 0.899
ECOG PS (2) 1.07 0.35–3.29 0.908
Treatment line (later-line) 0.74 0.39–1.41 0.359
(B) NLR at 2 weeks after treatment initiation

Variables Adjusted OR 95% CI P-value

NLR (>4.3) at 2 weeks 0.57 0.30–1.08 0.083
Age (years) 1.00 0.97–1.03 0.956
ECOG PS (2) 0.81 0.28–2.36 0.702
Treatment line (later-line) 0.74 0.39–1.40 0.357
(C) LMR at 2 weeks after treatment initiation

Variables Adjusted OR 95% CI P-value

LMR (>2.2) at 2 weeks 1.79 0.90–3.56 0.095
Age (years) 1.00 0.97–1.03 0.989
ECOG PS (2) 0.84 0.29–2.45 0.746
Treatment line (later-line) 0.70 0.37–1.31 0.262
The multivariable logistic regression models were adjusted for age, ECOG PS (2 vs. 0–1),
and treatment line (later- vs. second-line treatment).
ALC, absolute lymphocyte count; CI, confidence interval; ECOG PS, Eastern Cooperative
Oncology Group performance status; LMR, lymphocyte-to-monocyte ratio; NLR,
neutrophil-to-lymphocyte ratio; OR, odds ratio.
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available and do not require additional costs or setup for use in
the clinical setting.

In the present study, irAEs and skin reactions were observed
in 42.7 and 25.7% of patients, respectively. These incidence rates
are comparable with those previously reported in the Japanese
population (10–14, 19, 20, 22, 23). Overall, the incidence rate of
irAEs in this study was relatively higher than that reported in
other countries, and the majority of irAEs were skin reactions.

This study has some limitations. First, it was a retrospective,
observational study, rather than a prospective study, and its
retrospective nature does not allow formulating valid
conclusions but only aids in generating a hypothesis that
would require prospective validation. Patient follow-up was at
the clinicians’ discretion. Thus, the possibility of information
bias cannot be excluded. However, we performed multivariable
analyses to reduce the effect of potential confounding factors that
may be associated with observational studies and clinical
differences in patient characteristics. Nevertheless, unmeasured
confounders cannot be controlled during multivariate analyses
because controlling these could affect the results. Moreover, we
adopted irAEs, as routinely assessed by physicians. Research
members retrieved the data from the electronic medical records
at two hospitals. Therefore, we could not fully assess the grade of
irAEs using the Common Terminology Criteria for Adverse
Events (version 4.0). However, timely detection of irAEs could
contribute to the proper clinical management by optimizing the
treatment benefit for patients undergoing nivolumab
monotherapy. Second, the sample size was relatively small
despite the multicenter design. We did not conduct an
additional analysis of results including only second-line
treatment because the present study focused on the early onset
of irAEs and not the treatment efficacy of nivolumab. Third,
other types of irAEs, except those affecting the skin, rarely
occurred, thereby limiting our evaluation of the types of irAEs
most strongly associated with pre- or post-treatment peripheral
blood biomarkers. Fourth, the complexity of the pathophysiology
of irAEs is not fully understood and difficult to assess
retrospectively. In a preclinical setting, specific subpopulations
of lymphocytes such as CD8- and CD4-positive T lymphocytes
may be associated with irAE onset (36, 37). Thus, flow cytometry
analysis should be considered. Prospective efforts based on
stronger scientific rationale are needed to advance in this
critical field.

In conclusion, this multicenter study demonstrates that
among the peripheral blood biomarkers, ALC >820 at 2 weeks
after treatment initiation is significantly associated with
nivolumab-induced irAEs in patients with advanced NSCLC.
Clinicians should consider using ALC 2 weeks after treatment
initiation for the risk stratification of patients within a 6-week
Frontiers in Oncology | www.frontiersin.org 7
study period. These findings suggest that considering the
peripheral blood count data after the initiation of nivolumab
monotherapy may be useful for predicting the early onset of
irAEs in clinical practice. Early detection and cautious
management of irAEs can optimize the treatment benefit for
patients who are undergoing nivolumab monotherapy. Our data
provide preliminary evidence of an association between
peripheral blood biomarkers and the early onset of irAEs in
Japanese patients with advanced NSCLC. These findings are
likely generalizable to other Asian populations, highlighting the
need for additional research in this field.
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Pembrolizumab Versus Docetaxel for Previously Treated, PD-L1-positive,
Advanced non-Small-Cell Lung Cancer (KEYNOTE-010): A Randomised
Controlled Trial. Lancet (2016) 387:1540–50. doi: 10.1016/S0140-6736(15)01281-7

5. Naidoo J, Page DB, Li BT, Connell LC, Schindler K, Lacouture ME, et al.
Toxicities of the anti-PD-1 and anti-PD-L1 Immune Checkpoint Antibodies.
Ann Oncol (2015) 26:2375–91. doi: 10.1093/annonc/mdv383

6. Champiat S, Lambotte O, Barreau E, Belkhir R, Berdelou A, Carbonnel F, et al.
Management of Immune Checkpoint Blockade Dysimmune Toxicities: A
Collaborative Position Paper. Ann Oncol (2016) 27:559–74. doi: 10.1093/
annonc/mdv623

7. Shah KP, Song H, Ye F, Moslehi JJ, Balko JM, Salem JE, et al. Demographic
Factors AssociatedWith Toxicity in Patients TreatedWith Anti-Programmed
Cell Death-1 Therapy. Cancer Immunol Res (2020) 8:851–5. doi: 10.1158/
2326-6066.CIR-19-0986

8. Diehl A, Yarchoan M, Hopkins A, Jaffee E, Grossman SA. Relationships
Between Lymphocyte Counts and Treatment-Related Toxicities and Clinical
Responses in Patients With Solid Tumors Treated With PD-1 Checkpoint
Inhibitors. Oncotarget (2017) 8:114268–80. doi: 10.18632/oncotarget.23217

9. Pavan A, Calvetti L, Dal Maso A, Attili I, Del Bianco P, Pasello G, et al.
Peripheral Blood Markers Identify Risk of Immune-Related Toxicity in
Advanced non-Small Cell Lung Cancer Treated With Immune-Checkpoint
Inhibitors. Oncologist (2019) 24:1128–36. doi: 10.1634/theoncologist.2018-0563

10. Haratani K, Hayashi H, Chiba Y, Kudo K, Yonesaka K, Kato R, et al.
Association of Immune-Related Adverse Events With Nivolumab Efficacy
in non-Small-Cell Lung Cancer. JAMA Oncol (2018) 4:374–8. doi: 10.1001/
jamaoncol.2017.2925

11. Aso M, Toi Y, Sugisaka J, Aiba T, Kawana S, Saito R, et al. Association
Between Skin Reaction and Clinical Benefit in Patients Treated With Anti-
Programmed Cell Death 1 Monotherapy for Advanced non-Small Cell Lung
Cancer. Oncologist (2020) 25:e536–44. doi: 10.1634/theoncologist.2019-0550

12. Toi Y, Sugawara S, Kawashima Y, Aiba T, Kawana S, Saito R, et al. Association
of Immune-Related Adverse Events With Clinical Benefit in Patients With
Advanced non-Small-Cell Lung Cancer Treated With Nivolumab. Oncologist
(2018) 23:1358–65. doi: 10.1634/theoncologist.2017-0384

13. Hosoya K, Fujimoto D, Morimoto T, Kumagai T, Tamiya A, Taniguchi Y,
et al. Association Between Early Immune-Related Adverse Events and Clinical
Outcomes in Patients With non-Small Cell Lung Cancer Treated With
Immune Checkpoint Inhibitors. Clin Lung Cancer (2020) 21:e315–28.
doi: 10.1016/j.cllc.2020.01.003

14. Tambo Y, Sone T, Shibata K, Nishi K, Shirasaki H, Yoneda T, et al. Real-
World Efficacy of First-Line Pembrolizumab in Patients With Advanced or
Recurrent non-Small-Cell Lung Cancer and High PD-L1 Tumor Expression.
Clin Lung Cancer (2020) 21:e366–79. doi: 10.1016/j.cllc.2020.02.017

15. Naqash AR, Ricciuti B, Owen DH, Florou V, Toi Y, Cherry C, et al. Outcomes
Associated With Immune-Related Adverse Events in Metastatic non-Small
Cell Lung Cancer Treated With Nivolumab: A Pooled Exploratory Analysis
From a Global Cohort. Cancer Immunol Immunother (2020) 69:1177–87.
doi: 10.1007/s00262-020-02536-5

16. Ricciuti B, Genova C, De Giglio A, Bassanelli M, Dal Bello MG, Metro G, et al.
Impact of Immune-Related Adverse Events on Survival in Patients With
Advanced non-Small Cell Lung Cancer Treated With Nivolumab: Long-Term
Outcomes From aMulti-Institutional Analysis. J Cancer Res Clin Oncol (2019)
145:479–85. doi: 10.1007/s00432-018-2805-3

17. Dupont R, Bérard E, Puisset F, Comont T, Delord JP, Guimbaud R, et al. The
Prognostic Impact of Immune-Related Adverse Events During anti-PD1
Treatment in Melanoma and non-Small-Cell Lung Cancer: A Real-Life
Retrospective Study. Oncoimmunology (2020) 9:1682383. doi: 10.1080/
2162402X.2019.1682383

18. Freeman-Keller M, Kim Y, Cronin H, Richards A, Gibney G, Weber JS.
Nivolumab in Resected and Unresectable Metastatic Melanoma:
Characteristics of Immune-Related Adverse Events and Association With
Outcomes. Clin Cancer Res (2016) 22:886–94. doi: 10.1158/1078-0432.CCR-
15-1136

19. Matsuoka H, Hayashi T, Takigami K, Imaizumi K, Shiroki R, Ohmiya N, et al.
Correlation Between Immune-Related Adverse Events and Prognosis in
Frontiers in Oncology | www.frontiersin.org 8
Patients With Various Cancers Treated With Anti PD-1 Antibody. BMC
Cancer (2020) 20:656. doi: 10.1186/s12885-020-07142-3

20. Nakaya A, Kurata T, Yoshioka H, Takeyasu Y, Niki M, Kibata K, et al.
Neutrophil-to-Lymphocyte Ratio as an Early Marker of Outcomes in Patients
With Advanced non-Small-Cell Lung Cancer Treated With Nivolumab. Int J
Clin Oncol (2018) 23:634–40. doi: 10.1007/s10147-018-1250-2

21. Bagley SJ, Kothari S, Aggarwal C, Bauml JM, Alley EW, Evans TL, et al.
Pretreatment Neutrophil-to-Lymphocyte Ratio as a Marker of Outcomes in
Nivolumab-Treated Patients With Advanced non-Small-Cell Lung Cancer.
Lung Cancer (2017) 106:1–7. doi: 10.1016/j.lungcan.2017.01.013

22. Sekine K, Kanda S, Goto Y, Horinouchi H, Fujiwara Y, Yamamoto N, et al.
Change in the Lymphocyte-to-Monocyte Ratio is an Early Surrogate Marker
of the Efficacy of Nivolumab Monotherapy in Advanced non-Small-Cell Lung
Cancer. Lung Cancer (2018) 124:179–88. doi: 10.1016/j.lungcan.2018.08.012

23. Fukui T, Okuma Y, Nakahara Y, Otani S, Igawa S, Katagiri M, et al. Activity of
Nivolumab and Utility of Neutrophil-to-Lymphocyte Ratio as a Predictive
Biomarker for Advanced non-Small-Cell Lung Cancer: A Prospective
Observational Study. Clin Lung Cancer (2019) 20:208–14.e2. doi: 10.1016/
j.cllc.2018.04.021

24. Okada N, Kawazoe H, Takechi K, Matsudate Y, Utsunomiya R, Zamami Y,
et al. Association Between Immune-Related Adverse Events and Clinical
Efficacy in Patients With Melanoma Treated With Nivolumab: A
Multicenter Retrospective Study. Clin Ther (2019) 41:59–67. doi: 10.1016/
j.clinthera.2018.11.004

25. Nosaki K, Saka H, Hosomi Y, Baas P, de Castro G, Reck M, et al. Safety and
Efficacy of Pembrolizumab Monotherapy in Elderly Patients With PD-L1-
positive Advanced non-Small-Cell Lung Cancer: Pooled Analysis From the
KEYNOTE-010, Keynote-024, and KEYNOTE-042 Studies. Lung Cancer
(2019) 135:188–95. doi: 10.1016/j.lungcan.2019.07.004

26. Wang Y, Zhou S, Yang F, Qi X, Wang X, Guan X, et al. Treatment-Related
Adverse Events of PD-1 and PD-L1 Inhibitors in Clinical Trials: A Systematic
Review and Meta-Analysis. JAMA Oncol (2019) 5:1008–19. doi: 10.1001/
jamaoncol.2019.0393

27. Pepe MS. The Statistical Evaluation of Medical Tests for Classification and
Prediction. New York: Oxford University Press (2003).

28. Liu W, Liu Y, Ma F, Sun B, Wang Y, Luo J, et al. Peripheral Blood Markers
Associated With Immune-Related Adverse Effects in Patients Who Had
Advanced Non-Small Cell Lung Cancer Treated With PD-1 Inhibitors.
Cancer Manag Res (2021) 13:765–71. doi: 10.2147/CMAR.S293200

29. Matsukane R, Watanabe H, Minami H, Hata K, Suetsugu K, Tsuji T, et al.
Continuous Monitoring of Neutrophils to Lymphocytes Ratio for Estimating
the Onset, Severity, and Subsequent Prognosis of Immune Related Adverse
Events. Sci Rep (2021) 11:1324. doi: 10.1038/s41598-020-79397-6

30. Chen DS, Irving BA, Hodi FS. Molecular Pathways: Next-Generation
Immunotherapy–Inhibiting Programmed Death-Ligand 1 and Programmed
Death-1. Clin Cancer Res (2012) 18:6580–7. doi: 10.1158/1078-0432.CCR-12-
1362

31. Iwama S, De Remigis A, Callahan MK, Slovin SF, Wolchok JD, Caturegli P.
Pituitary Expression of CTLA-4 Mediates Hypophysitis Secondary to
Administration of CTLA-4 Blocking Antibody. Sci Transl Med (2014)
6:230ra45. doi: 10.1126/scitranslmed.3008002

32. Dubin K, Callahan MK, Ren B, Khanin R, Viale A, Ling L, et al. Intestinal
Microbiome Analyses Identify Melanoma Patients at Risk for Checkpoint-
Blockade-Induced Colitis. Nat Commun (2016) 7:10391. doi: 10.1038/
ncomms10391

33. Johnson DB, McDonnell WJ, Gonzalez-Ericsson PI, Al-Rohil RN, Mobley BC,
Salem JE, et al. A Case Report of Clonal EBV-like Memory CD4 + T Cell
Activation in Fatal Checkpoint Inhibitor-Induced Encephalitis. Nat Med
(2019) 25:1243–50. doi: 10.1038/s41591-019-0523-2

34. Johnson DB, Balko JM, Compton ML, Chalkias S, Gorham J, Xu Y, et al.
Fulminant Myocarditis With Combination Immune Checkpoint Blockade.
N Engl J Med (2016) 375:1749–55. doi: 10.1056/NEJMoa1609214

35. Berner F, Bomze D, Diem S, Ali OH, Fässler M, Ring S, et al. Association of
Checkpoint Inhibitor-Induced Toxic Effects With Shared Cancer and Tissue
Antigens in non-Small Cell Lung Cancer. JAMA Oncol (2019) 5:1043–7.
doi: 10.1001/jamaoncol.2019.0402

36. Presti M, Westergaard MCW, Draghi A, Chamberlain CA, Gokuldass A,
Svane IM, et al. The Effects of Targeted Immune-Regulatory Strategies on
May 2021 | Volume 11 | Article 618570

https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1093/annonc/mdv383
https://doi.org/10.1093/annonc/mdv623
https://doi.org/10.1093/annonc/mdv623
https://doi.org/10.1158/2326-6066.CIR-19-0986
https://doi.org/10.1158/2326-6066.CIR-19-0986
https://doi.org/10.18632/oncotarget.23217
https://doi.org/10.1634/theoncologist.2018-0563
https://doi.org/10.1001/jamaoncol.2017.2925
https://doi.org/10.1001/jamaoncol.2017.2925
https://doi.org/10.1634/theoncologist.2019-0550
https://doi.org/10.1634/theoncologist.2017-0384
https://doi.org/10.1016/j.cllc.2020.01.003
https://doi.org/10.1016/j.cllc.2020.02.017
https://doi.org/10.1007/s00262-020-02536-5
https://doi.org/10.1007/s00432-018-2805-3
https://doi.org/10.1080/2162402X.2019.1682383
https://doi.org/10.1080/2162402X.2019.1682383
https://doi.org/10.1158/1078-0432.CCR-15-1136
https://doi.org/10.1158/1078-0432.CCR-15-1136
https://doi.org/10.1186/s12885-020-07142-3
https://doi.org/10.1007/s10147-018-1250-2
https://doi.org/10.1016/j.lungcan.2017.01.013
https://doi.org/10.1016/j.lungcan.2018.08.012
https://doi.org/10.1016/j.cllc.2018.04.021
https://doi.org/10.1016/j.cllc.2018.04.021
https://doi.org/10.1016/j.clinthera.2018.11.004
https://doi.org/10.1016/j.clinthera.2018.11.004
https://doi.org/10.1016/j.lungcan.2019.07.004
https://doi.org/10.1001/jamaoncol.2019.0393
https://doi.org/10.1001/jamaoncol.2019.0393
https://doi.org/10.2147/CMAR.S293200
https://doi.org/10.1038/s41598-020-79397-6
https://doi.org/10.1158/1078-0432.CCR-12-1362
https://doi.org/10.1158/1078-0432.CCR-12-1362
https://doi.org/10.1126/scitranslmed.3008002
https://doi.org/10.1038/ncomms10391
https://doi.org/10.1038/ncomms10391
https://doi.org/10.1038/s41591-019-0523-2
https://doi.org/10.1056/NEJMoa1609214
https://doi.org/10.1001/jamaoncol.2019.0402
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Egami et al. Lymphocyte Count Predicts Adverse Events
Tumor-Specific T-cell Responses In Vitro. Cancer Immunol Immunother
(2020). doi: 10.1007/s00262-020-02760-z

37. Takahashi R, Sato Y, Kimishima M, Shiohara T, Ohyama M. Intracellular
Accumulation of PD-1 Molecules in Circulating T Lymphocytes in Advanced
Malignant Melanoma: An Implication for Immune Evasion Mechanism. Int J
Clin Oncol (2020) 25:1861–9. doi: 10.1007/s10147-020-01732-8

Conflict of Interest: RU received honoraria from Eisai, Sawai Pharmaceutical, and
CAC Croit. YO received research funding from Kissei, Dainippon-Sumitomo,
Ignyta, LOXO, AstraZeneca, Taiho Pharmaceutical, Chugai, Lilly, Ono
Pharmaceutical, Bristol-Myers Squibb, Pfizer, MSD, Kyorin, Takeda, and
Novartis and received honoraria from AstraZeneca, Taiho Pharmaceutical,
Chugai, Lilly, Ono Pharmaceutical, Bristol-Myers Squibb, Pfizer, MSD, Kyorin,
Takeda, Novartis, Celltrion, Amgen, and Boehringer Ingelheim. TN received
Frontiers in Oncology | www.frontiersin.org 9
research funding from Otsuka Pharmaceutical, Sanofi, Astellas Pharma, and
Daiichi Sankyo.

The remaining 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.

Copyright © 2021 Egami, Kawazoe, Hashimoto, Uozumi, Arami, Sakiyama, Ohe,
Nakada, Aomori, Ikemura, Fukunaga, Yamaguchi and Nakamura. This is an open-
access article distributed under the terms of the Creative Commons Attribution
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.
May 2021 | Volume 11 | Article 618570

https://doi.org/10.1007/s00262-020-02760-z
https://doi.org/10.1007/s10147-020-01732-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Absolute Lymphocyte Count Predicts Immune-Related Adverse Events in Patients With Non-Small-Cell Lung Cancer Treated With Nivolumab Monotherapy: A Multicenter Retrospective Study
	Introduction
	Materials and Methods
	Study Design and Patients
	Study Protocol
	Endpoint
	Statistical Analyses

	Results
	Patient Characteristics
	Endpoints

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	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 true
  /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 true
  /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 true
  /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


