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Background: The highly heterogeneous characteristics of GC may limit the accuracy of a
single biomarker for screening populations benefiting from immunotherapy. However, the
combination of multiple indicators can provide more directed information for the detection
of potential immune benefit subgroups. At present, there are no recognized complex
indexes to identify advanced GC (AGC) in patients who likely benefited from
immunotherapy. The objective of this research is to explore whether the composite
biomarker of derived neutrophil–lymphocyte ratio (dNLR) and platelet–lymphocyte ratio
(PLR) can be used as a reliable prognostic factor for the survival of AGC patients receiving
immunotherapy.

Methods: From December 2014 to May 2021, a total 238 AGC patients at a single Center
were included in this retrospective cohort research study. The cutoff value of dNLR was
obtained by the ROC curves to predict the disease progression rate at the 8th month and
the cutoff value of PLR was estimated by the median value. The cutoff values of dNLR and
PLR were 1.95 and 163.63, respectively. The high levels of dNLR (≥1.95) and PLR
(≥163.63) were considered to be risk factors. Based on these two risk factors, patients
were categorized into 3 groups: the risk factor number for the “good” group was 0, that for
the “intermediate” group was 1, and that for the “poor” group was 2. The subjects were
divided into two groups: dNLR/PLR-good and dNLR/PLR-intermediate/poor.

Results: Of the 238 patients, the median overall survival (mOS) and progression-free
survival (mPFS) were 12.5 and 4.7 months, respectively. Multivariate analysis revealed that
the good dNLR/PLR group was independently associated with better prognosis. The
intermediate/poor dNLR/PLR group was independently correlated with an over 1.4 times
greater risk of disease progression (4.1 months vs. 5.5 months; p = 0.016) and an over
1.54 times greater risk of death (11.1 months vs. 26.3 months; p = 0.033) than the good
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dNLR/PLR group. However, no clear differences in the disease control rate (DCR) and
overall response rate (ORR) were observed between the intermediate/poor dNLR/PLR
group and the good dNLR/PLR group (51.5% vs. 56.3%, 26.3% vs. 29.6%; p = 0.494,
p = 0.609).

Conclusion: Our study firstly verifies that the composite biomarker of dNLR and PLR is
an independent prognostic factor affecting survival of advanced AGC patients receiving
immunotherapy. It may be difficult for patients with the intermediate/poor dNLR/PLR
group to benefit from immunotherapy.
Keywords: immunotherapy, advanced gastric cancer, dNLR, PLR, efficacy, prognosis
INTRODUCTION

Gastric cancer (GC) is one type of very common gastrointestinal
tumors around the world. The incidence rate of GC ranks fifth
globally and second domestically in China (1). The progress of
GC treatment is relatively slow, and traditional chemotherapy,
such as surgery, chemotherapy, and targeted therapy, is therefore
limited. The emergence of immunotherapy brings a new option
for GC; nevertheless, its application in GC is still difficult.
Researchers have been trying both back line and front line,
as well as single-drug and different combinations. The
“ATTRACTION-2” study confirms the efficacy of nivolumab
for the back line of GC (2, 3). The results of the “KEYNOTE-061”
study were negative, and pembrolizumab failed in the second-
line chemotherapy challenge (4–6). The “CheckMate 649”
study explored whether the nivolumab-based first-line
immunotherapy was suitable for advanced GC (AGC) (7).
Moehler et al. found that patients treated with a combination
of nivolumab and chemotherapy showed consistent overall
survival (OS) benefits in the whole population and the Chinese
subgroup, regardless of the expression status of programmed
death ligand-1 (PD-L1) (8). The first result of the “KEYNOTE-
811” study showed that HER2-positive metastatic gastric or
gastroesophageal junction cancer could benefit from using the
combinat ion of pembrol izumab, trastuzumab, and
chemotherapy (9). However, the current evaluation of
biomarkers for immunotherapy has been limited. There is a
lack of effective biomarkers that can be used as prognostic factors
for AGC-treated patients with immune checkpoint inhibitors
(ICIs). In recent years, the expression of PD-L1 and
microsatellite steady-state (MSI) in AGC patients can be
effectively assessed for the efficacy of immunotherapy (10, 11).
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Peripheral inflammatory blood complex index such as
neutrophil–lymphocyte ratio (NLR), platelet–lymphocyte ratio
(PLR), and hemoglobin (Hb) levels have demonstrated a
promising and suitable biomarker prognostic for GC (12–15).
However, the highly heterogeneous characteristics of GC may
limit the accuracy of a single biomarker for screening
populations benefiting from immunotherapy. In contrast, the
combination of multiple indicators can provide more targeted
information for the detection of potential immune benefit
subgroups. Dharmapuri S et al. established a statistical model
by NLR/PLR groups and found that the high-NLR/ low-PLR
group in advanced hepatocellular carcinoma patients treated
with anti–PD-1 therapy has shorter OS and progression free
survival (PFS) than the low-NLR/ low-PLR group (16). However,
as a biomarker of poor prognosis in AGC patients undergoing
immunotherapy, the role of NLR is quite well defined in some
studies (17–19). Furthermore, in May 2021, a study conducted by
Lim et al. showed that non-small-cell lung cancer (NSCLC)
patients with a high level of derived neutrophil–lymphocyte
ratio (dNLR) baseline value were associated with poor
outcomes, when they were treated with ICIs (20).

Our research found that patients with an elevated dNLR value
(≥ the best cutoff value) were associated with shorter OS and PFS
too. However, patients with high levels of PLR (≥ the median
value) were only associated with shorter OS, but not PFS. Thus,
we combined dNLR and PLR to stratify risk factors. The high
levels of dNLR (≥1.95) and PLR (≥163.63) were considered to be
risk factors. Based on these two risk factors, patients were
categorized into 3 groups: the risk factor number for the
“good” group was 0, that for the “intermediate” group was 1,
and that for the “poor” group was 2. The subjects were divided
into two groups: dNLR/PLR-good and dNLR/PLR-intermediate/
poor. We then began to evaluate the differences in prognosis and
survival of AGC patients after immunotherapy between the good
and the intermediate/poor groups.
MATERIALS AND METHODS

Study Population
From December 2014 to May 2021, all patients involved were
diagnosed with GC at stage IV and received ICI treatment in the
Senior Department of Oncology at Chinese PLA General
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Hospital. We set the inclusion criteria as follows: (1) patients
detected with measurable lesions, (2) patients who underwent
blood routine and blood biochemistry tests within 1 week before
ICI administration, and (3) patients who have received at least
two rounds of ICI treatment continuously. Patients failing to
provide imaging data for comparing the efficacy of ICIs before
and after treatment were excluded. As a result, a total of 238
patients were considered eligible for this cohort study. Clinical
parameters of those AGC patients from their medical records
were collected, including sex, age, Eastern Cooperative Oncology
Group performance status scores (ECOG PS), smoking history,
smoking exposure, history of diabetes, tumor type, the status of
HER-2 expression, the dose of ICIs, the status of bone metastasis,
the status of liver metastasis, response to line before
immunotherapy, the status of pleural fluid, the status of ascites,
the number of metastatic sites, lines of treatment with ICIs, ICIs
agent, and immunotherapy scheme. Meanwhile, blood
parameters were analyzed routinely, including absolute
neutrophil count (ANC), absolute lymphocyte count (ALC),
white blood count cells (WBC), and platelet count (PLT) 7
days before immunotherapy implementing to obtain dNLR
and PLR values.

Treatment Regimens
Five treatment methods were used in this research study: (1) ICI
monotherapy, (2) ICIs combined with chemotherapy, (3) ICIs
combined with anti-angiogenic therapy, (4) ICIs combined with
DNA-derived humanized monoclonal antibodies (trastuzumab)
and chemotherapy, and (5) ICIs combined with chemotherapy
and anti-angiogenic therapy. The types and doses of ICIs were as
follows: (1) Sintilimab was injected intravenously 200 mg once
every 3 weeks. (2) Toripalimab was injected intravenously 240
mg once every 3 weeks. (3) The recommended dose of
pembrolizumab injection for intravenous infusion was a dose
of 3 mg/kg, administered once every 3 weeks. (4) The
recommended dose of nivolumab injection for intravenous
infusion was a dose of 2 mg/kg, administered once every 2
weeks. The first imaging evaluation of nivolumab was carried out
2–4 weeks after the 3rd intravenous injection; nevertheless, the
evaluation of toripalimab, sintilimab, and pembrolizumab was
carried out 3–5 weeks after the 2nd intravenous injection. The
trastuzumab course was administered for 3 weeks. For the first
course, the dose was 8 mg/kg, applied by intravenous injection
for 90 min. Starting from the 2nd course, the dose was lowered to
6 mg/kg. For the infusion time, if the patients tolerate
trastuzumab well in the first course, the 2nd course was
applied by intravenous injection for 30 min. course. Anti-
angiogenic drugs involved were apatinib (850 mg, orally
administrated 30 min after a meal, once a day) and
bevacizumab (5 mg/kg body weight, once every 2 weeks; or 7.5
mg/kg body weight, once every 3 weeks). The chemotherapy
regimens include (1) XELOX regimen: capecitabine (1,000 mg/
m²) was used 2 times a day orally after breakfast and dinner for
14 consecutive days with 7 days of rest as a treatment cycle.
Oxaliplatin (130 mg/m²) was added on the first day of each cycle
by intravenous injection. (2) SOX regimen: tiggio (40–60 mg)
was used 2 times a day orally after breakfast and dinner for 14
Frontiers in Oncology | www.frontiersin.org 3
consecutive days with 7 days of rest as a treatment cycle.
Oxaliplatin (130 mg/m²) was added on the first day of each
cycle by intravenous injection. (3) DCF regimen: docetaxel (75
mg/m²), cisplatin (75 mg/m²), and fluorouracil (750 mg/m²)
were applied by intravenous injection. On the first day of every
course, each course lasted 21 days. (4) The combined regimen of
irinotecan and oxaliplatin: irinotecan (180 mg/m²) and
oxaliplatin (130 mg/m²) were applied by intravenous injection.
On the first day of every course, each course lasted 14 days. (5)
The combined regimen of irinotecan and raltitrexed: irinotecan
(180 mg/m²) and raltitrexed (3 mg/m²) were applied by
intravenous injection. On the first day of every course, each
course lasted 14 days. (6) Others. The choice of the above
regimens was based on the patient’s pathological stage and
general health conditions.

Assessment
For effectiveness evaluation, the disease control rate (DCR) and
the overall response rate (ORR) is termed as the percentage of
patients with complete response (CR), partial response (PR), and
stable disease (SD) and the percentage of patients with CR and
PR, respectively. For prognosis analysis, OS and PFS are counted
from the time of the immunotherapy beginning to death and the
time between the onset of ICIs and the progression or death of
the tumor, respectively.

dNLR, PLR, and Statistical Models by
dNLR/PLR Groups
We analyzed the value of PLR (platelet/lymphocyte ratio) and
NLR (neutrophi l / lymphocyte rat io) 7 days before
immunotherapy was implemented. With dNLR before
treatment as the test variable, and the disease progression rate
at the 8th month as the state variable, the receiver operating
characteristic (ROC) curve of immunotherapy effect and dNLR
level before treatment was drawn. The area under the ROC curve
was 0.584, which indicated a statistically significant difference
(p = 0.037). The best cutoff value of dNLR was 1.95, and its
corresponding sensitivity and specificity were 61.1% and 60.5%,
respectively (Figure 1). The cutoff value of PLR was estimated by
the median value. The high levels of dNLR (≥ the best cutoff
value) and PLR (≥ the median value) were considered to be risk
factors. Based on these two risk factors, patients were categorized
into 3 groups: the risk factor number for the “good” group was 0,
and that for the “poor” group was 1 or 2. The risk factor number
for the “good” group was 0, that for the “intermediate” group was
1, and that for the “poor” group was 2. Due to the similar efficacy
and survival outcomes of patients in the intermediate and good
groups (Supplementary Table 1 and Supplementary Figure 1),
we integrated the intermediate group into the poor group,
forming the intermediate/poor group.

Statistical Analysis
SPSS 26.0 software was used to perform all statistical analyses.
Data were summarized as the median values for non-normally
distributed continuous variables. Based on the values of a (a =
0.05) and b (b = 0.2), the expected median OS (mOS) of the
good group and the intermediate/poor group, we evaluated the
February 2022 | Volume 11 | Article 798415
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number of the sample size of our retrospective cohort study.
the expected mOS of the good group and the intermediate/
poor group were 17 and 11 months, respectively. Data were
reported as percentages and counts for categorical variables.
The ROC curves were applied to clarify the best cutoff value of
dNLR. c2 or Fisher’s exact test was carried out to evaluate the
relationship between clinical response and dNLR/PLR groups
of AGC patients. The survival curve was depicted by
Kaplan–Meier analysis. Logistic regression models and Cox
proportional hazard were applied to assess the prognostic
values of dNLR/PLR groups for DCR and survival ,
respectively. p-values less than 0.05 (p < 0.05) were
considered statistically significant.
RESULTS

Baseline Characteristics
A total of 238 AGC patients receiving ICIs were reviewed in the
retrospective cohort study. The clinical features of patients are
provided below (Table 1). The median age was 58 years. Among
these patients, 121 patients were elders (≥58 years); 188 patients
were male, 63 patients had Cardia, 99 had body/fundus, and 76
patients had pylorus cancer; 223 patients had ECOG PS scores of
0–1; 33 patients had positive HER-2 expression, 163 patients had
a negative expression, and 42 patients were untested; 118 patients
had poor tumor differentiation, 101 patients had moderate
tumor di fferent iat ion , 4 pat ients had good tumor
differentiation, and tumor differentiation was unknown for 15
patients; 12 patients had pleural fluid; 54 patients had ascites; 22
patients had bone metastases before immunotherapy. After
grouping, 71 patients were in the good dNLR/PLR group and
167 patients were in the intermediate/poor dNLR/PLR group.
Frontiers in Oncology | www.frontiersin.org 4
Treatment Characteristics
Of 238 patients, 158 (66.8%) patients had previously progressed
before using ICIs; 84 (35.3%) patients received nivolumab, 30
(12.6%) patients were treated with pembrolizumab, and 124
(52.1%) patients received other immunotherapy drugs; 130
(54.6%) patients used the 1st line ICIs and 108 (45.4%)
patients used ICIs after the 1st line; 186 (78.2%) patients were
treated with ICIs combined with other therapies; 52 (21.8%)
patients were treated with ICI monotherapy (Table 1).

A Composite Biomarker of dNLR and PLR
for Response to ICIs
The optimal efficacy of all AGC patients was evaluated in the
study, and the results were as follows: 112 (47.1%) patients had
progressive disease (PD), 4 (1.7%) patients had CR, 62 (26.1%)
patients had PR, and 60 (25.2%) patients had SD. The ORR was
27.7% and DCR was 52.9% (Table 2). No clear differences in
DCR and ORR were observed between the intermediate/poor
dNLR/PLR group and the good dNLR/PLR group (51.5% vs.
56.3%, 26.3% vs. 29.6%; p = 0.494, p = 0.609) (Table 2).

dNLR and PLR for Survival of
AGC Patients
The cutoff value of dNLR and PLR were 1.95 and 163.63,
respectively. For patients with an elevated dNLR value (≥1.95)
and with a lower dNLR value (<1.95), the mPFS was 3.6 (95% CI,
2.855–4.345) and 6.2 (95% CI, 4.488–7.912) months,
respectively, and the mOS was 9 (95% CI, 6.032–11.968) and
26 (95% CI, 14.286–37.714) months, respectively. Patients with
an elevated dNLR value were associated with an over 1.8 times
greater risk of disease progression (HR = 1.807; 95% CI, 1.356–
2.407; p < 0.001) and an over 2.1 times greater risk of death
(HR = 2.161; 95% CI, 1.542–3.028; p < 0.001) than those with a
FIGURE 1 | ROC curve of pretreatment dNLR in assessment of the disease progression rate at the 8th month. Sensitivity:61.1%; Specificity:60.5%; AUC:0.584;
p = 0.037. dNLR, derived neutrophil–lymphocyte ratio; ROC, receive operating characteristic; AUC, areaunder the curve.
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lower dNLR value (Table 3 and Figures 2A, B). For patients with
an elevated PLR value (≥163.63) and with a lower PLR value
(<163.63), the median PFS was 4.6 (95% CI, 3.549–6.251) and 4.9
(95% CI, 2.983–6.017) months, respectively, and the mOS was
Frontiers in Oncology | www.frontiersin.org 5
10.4 (95% CI, 7.386–13.414) and 15.8 (95% CI, 4.400–27.200)
months, respectively. Patients with an elevated PLR value were
associated with an over 1.4 times greater risk of death than those
with a lower PLR value (<163.63) (HR = 1.416; 95% CI, 1.026–
TABLE 1 | General data and clinical features.

Characteristics Number of Patients (%)

Overall (n = 238) The good group (n = 71) The intermediate/poor group (n = 167)

Median age (range), years 58 (18–86) 58 (27–82) 58 (18–86)
Sex
Female 62 (26.1) 21 (29.6) 41 (24.6)
Male 176 (73.9) 50 (70.4) 126 (75.4)

Smoking history
Yes 88 (37) 26 (36.6) 62 (37.1)
No 150 (63) 45 (63.4) 105 (62.9)

Smoking exposure
>30 packs per year 44 (18.5) 14 (19.7) 30 (18.0)
≤30 packs per year 194 (81.5) 57 (80.3) 137 (82.0)

Drinking history
Yes 85 (35.7) 26 (36.6) 59 (35.3)
No 153 (64.3) 45 (63.4) 108 (64.7)

Tumor location
Cardia 60 (25.2) 18 (25.4) 42 (25.1)
Body/Fundus 89 (37.4) 23 (32.4) 66 (39.5)
Pylorus 86 (36.1) 30 (42.3) 56 (33.5)
Unknown 3 (1.3) 0 (0) 3 (1.8)

Response to line before immunotherapy
PD 159 (66.8) 40 (56.3) 119 (71.3)
Others 79 (33.2) 31 (43.7) 48 (28.7)

Liver metastasis
Present 100 (42) 30 (42.3) 70 (41.9)
Absent 138 (58) 41 (57.7) 97 (58.1)

Pleural fluid
Present 12 (5.0) 3 (4.2) 9 (5.4)
Absent 226(95) 68 (95.8) 158 (94.6)

Ascites
Present 54 (22.7) 8 (11.3) 46 (27.5)
Absent 184 (77.3) 63 (88.7) 121 (72.5)

Bone metastasis
Present 22 (9.2) 8 (11.3) 14(8.4)
Absent 216 (90.8) 63 (88.7) 153(91.6)

Number of metastatic sites
≥3 58 (24.4) 11 (15.5) 47 (28.1)
<3 180 (75.6) 60 (84.5) 120 (71.9)

Dosage of immunotherapy
≥200 mg 147 (61.8) 49 (69.0) 98 (58.7)
<200 mg 91 (38.2) 22 (31.0) 69 (41.3)

Tumor differentiation
Poorly 176 (73.9) 50 (70.4) 126 (75.4)
Moderately 42 (17.6) 14 (19.7) 28 (16.8)
Well 4 (1.7) 3 (4.2) 1 (0.6)
Unknown 16 (6.7) 4 (5.6) 12 (7.2)

Lines of immunotherapy
≥2 130 (54.6) 33 (46.5) 97 (58.1)
<2 108 (45.4) 38 (53.5) 70 (41.9)

ECOG PS
≥2 15 (6.3) 1 (1.4) 14 (8.4)
0-1 223 (93.7) 70 (98.6) 153 (91.6)

PD-1 inhibition agent
Nivolumab 84 (35.3) 25 (35.2) 59 (35.3)
Pembrolizumab 30 (12.6) 6 (8.5) 24 (14.4)
Others 124 (52.1) 40 (56.3) 84 (50.3)

Therapies
ICIs monotherapy 52 (21.8%) 14 (19.7) 38 (22.8)
ICIs combined with other therapies 186 (78.2%) 57 (80.3) 129 (18.6)
Feb
PD, progressive disease; PD-1, programmed cell death-1; ECOG PS, Eastern Cooperative Oncology Group performance status scores; ICIs, immune checkpoint inhibitors.
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1.956; p = 0.033). However, no clear difference of PFS was
observed between the two groups of patients (HR = 1.237; 95%
CI, 0.936–1.636; p = 0.132) (Table 3; Figures 2C, D).

The Composite Biomarker of dNLR and
PLR for PFS of AGC Patients
Among 238 AGC patients, 203 (85.3%) patients had tumor
progression by the last follow-up date of July 1, 2021. The
median PFS was 4.7 (95% CI: 3.686–5.714) months (Table 4).
After we checked for hazard proportionality, Cox regression
multivariable approach was performed (Supplementary
Figure 2A). Univariate and multivariate analyses of factors
associated with PFS were shown in Table 5. In univariate
analysis, patients with a good dNLR/PLR score, with fewer
organ metastases (<3), with a good PS (ECOG PS of 0–1), with
no ascites, or with no pleural fluid showed improved PFS.
Moreover , pat ients who did not reach PD before
immunotherapy, who were treated with the 1st line ICIs, who
were treated with more doses of ICIs (≥200 mg), or who were
treated with ICIs combined with other therapies were also
associated with improved PFS. Patients in the good dNLR/PLR
group were closely related to longer PFS, compared to those in
the poor dNLR/PLR group (5.5 months vs. 4.1 months; p =
0.005) (Figure 3A and Table 4). Multivariate analysis revealed
that patients in the intermediate/poor dNLR/PLR group were
independently correlated with an over 1.4 times greater risk of
disease progression (HR = 1.499; 95% CI, 1.078–2.086; p = 0.016)
than those in the good dNLR/PLR group. In addition, we also
noticed that patients in the intermediate dNLR/PLR group were
closely related to longer PFS, compared to those in the poor
dNLR/PLR group (5.8 months vs. 3.8 months). In other words,
the intermediate group was correlated with an over 1.3 times
greater risk of disease progression (HR = 1.394; 95% CI, 1.009–
Frontiers in Oncology | www.frontiersin.org 6
1.926; p = 0.044) than the poor group (Table 6). Multivariate
analysis revealed that patients in the intermediate/poor dNLR/
PLR group were independently correlated with an over 1.4 times
greater risk disease progression (HR = 1.499; 95% CI, 1.078–
2.086; p = 0.016) than those in the good NLR/PLR group.
Moreover, patients who had fewer organ metastases (<3) and
treated with the 1st line ICIs were independently associated with
improved PFS. Additionally, patients who had more organ
metastases (≥3) were independently correlated with an over 1.5
times greater risk of disease progression (HR = 1.581; 95% CI,
1.108–2.256; p = 0.011) than those that had fewer organ
metastases (<3). Moreover, patients treated with ICIs after 1st
line were independently correlated with an over 2.3 times greater
risk of disease progression (HR = 2.355; 95% CI, 1.645–3.370; p <
0.001) than those treated with the 1st line ICIs.

The Composite Biomarker of dNLR and
PLR for OS of AGC Patients
Among 238 AGC patients, 150 (63%) patients died by the last
follow-up date of July 1, 2021. The mOS was 12.5 (95% CI,
10.278–14.722) months (Table 4). After we checked for hazard
proportionality, Cox regression multivariable approach was
performed (Supplementary Figure 2B). Univariate and
multivariate analyses of factors associated with OS are shown
in Table 5. In univariate analysis, patients with a good dNLR/
PLR score, with fewer organ metastases (<3), with a good PS
(ECOG PS of 0–1), with no bone metastasis, with no ascites, or
with no pleural fluid showed improved OS. Moreover, patients
who did not reach PD before immunotherapy, and those who
were treated with ICIs combined with other therapies, who were
treated with the 1st line ICIs, who were treated with more doses
of ICIs (≥200 mg), or who treated with ICIs combined with other
therapies were also associated with improved OS. Patients in the
TABLE 3 | Survival of dNLR and PLR.

Classification PFS (months) OS (months)

Median (95% CI) HR (95% CI) p Median (95% CI) HR (95% CI) p

dNLR<1.95 6.2 (4.488–7.912) 1 [the reference] 26.0 (14.286–37.714) 1 [the reference]
dNLR≥1.95 3.6 (2.855–4.345) 1.807 (1.356–2.407) <0.001 9.0 (6.032–11.968) 2.161 (1.542–3.028) <0.001
PLR<163.63 4.9 (2.983–6.017) 1 [the reference] 15.8 (4.400–27.200) 1 [the reference]
PLR≥163.63 4.6 (3.549–6.251) 1.237 (0.936–1.636) 0.132 10.4 (7.386–13.414) 1.416 (1.026–1.956) 0.033
Februar
y 2022 | Volume 11 | Article
PFS, progression-free survival; OS, overall survival; HR, hazard ratio; dNLR, derived neutrophil‐to‐lymphocyte, PLR, platelet–lymphocyte ratio.
TABLE 2 | Relationship between the good group and the intermediate/poor group and response to ICIs treatment.

Best Overall Response Number of Patients (%) p-value

Overall, n = 238 The good group, n =71 The intermediate/poor group, n = 167

CR 4 (1.7) 2 (2.8) 2 (1.2) 0.388
PR 62 (26.1) 20 (28.2) 42 (25.1) 0.627
SD 60 (25.2) 18 (25.4) 42 (25.1) 0.974
PD 112 (47.1) 31 (43.7) 81 (48.5) 0.494
ORR 65 (27.3) 21 (29.6) 44 (26.3) 0.609
DCR 126 (52.9) 40 (56.3) 86 (51.5) 0.494
ICIs, immune checkpoint inhibitors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; DCR, disease control rate; ORR, overall response rate.
798415

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Pan et al. dNLR and PLR as Prognostic Biomarker
good dNLR/PLR group were closely related to longer OS,
compared to those in the intermediate/poor dNLR/PLR group
(26.3 months vs. 11.1 months; p = 0.001) (Figure 3B and
Table 4). In addition, we also noticed that patients in the
intermediate dNLR/PLR group were closely related to longer
OS, compared to those in the poor dNLR/PLR group (12.1
months vs. 8.2 months). In other words, the intermediate
group was correlated with an over 1.56 times greater risk of
death (HR = 1.562; 95% CI, 1.083–2.253; p = 0.017) than the poor
group (Table 6). Multivariate analysis revealed that patients in
the intermediate/poor dNLR/PLR group were independently
correlated with an over 1.54 times greater risk of death (HR =
1.540; 95% CI, 1.036–2.288; p = 0.033) than those in the good
dNLR/PLR group. Moreover, patients with fewer organ
metastases (<3) or with a good PS (ECOG PS of 0–1) were
independently associated with improved OS. Furthermore,
patients who were treated with the 1st line ICIs or who were
treated with more doses of ICIs (≥200 mg) were also
independently associated with improved OS. Firstly, patients
who had more organ metastases (≥3) were independently
correlated with an over 1.5 times greater risk of death (HR =
Frontiers in Oncology | www.frontiersin.org 7
1.581; 95% CI, 1.108–2.256; p = 0.011) than those who had fewer
organ metastases (<3). Moreover, patients who had a good PS
(ECOG PS of 0–1) were independently correlated with an over
1.9 times greater risk of death (HR = 1.937; 95% CI, 1.075–3.489;
p = 0.028) than those had a poor PS (ECOG PS of ≥2).
Furthermore, patients treated with ICIs after 1st line were
independently correlated with an over 2.3 times greater risk of
death (HR = 2.355; 95% CI, 1.645–3.370; p < 0.001) than those
treated with the 1st line ICIs. Patients treated with less doses of
ICIs (<200 mg) were independently correlated with an over 1.6
times greater risk of death (HR = 1.625; 95% CI, 1.156–2.286; p =
0.005) than those treated with more doses of ICIs (≥200 mg).
Association of the Composite Biomarker
of dNLR and PLR With Outcomes in Lines
of Immunotherapy of 1 or a Large Number
of Lines of Immunotherapy (≥2):
Subgroup Analysis
Multivariate analysis revealed that patients treated with the 1st line
ICIs were independently correlated with improved OS and PFS.
TABLE 4 | Efficacy and prognosis based on the good and the intermediate/poor groups.

dNLR combined with PLR score
classification

Response rate OS (months) PFS (months)

DCR (n, %) OR (95% CI) Median HR (95% CI) Median HR (95% CI)

Overall (n = 238) 126 (52.9) 12.5 (10.278–14.722) 4.7 (3.686–5.714)
The good group (n = 71) 40 (56.3) 1 [the reference] 26.3 (18.895–33.705) 1 [the reference] 5.5 (3.787–7.213) 1 [the reference]
The intermediate/poor group (n = 167) 86 (51.5) 0.823 (0.471–1.439) 11.1 (8.823–13.377) 1.909 (1.299–2.805) 4.1 (2.961–5.239) 1.582 (1.147–2.181)
p-value 0.494 0.001 0.005
Febr
uary 2022 | Volume
PFS, progression-free survival; OS, overall survival; HR, hazard ratio; DCR, disease control rate; OR, odds ratio.
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FIGURE 2 | PFS (A) and OS (B) of the dNLR of patients with AGC receiving ICIs cohort, and OS (C) and PFS (D) of the PLR of patients with AGC, receiving ICIs
cohort. PFS, progression free survival; OS, overall survival; AGC, advanced gastric cancer; ICIs, immune checkpoint inhibitors; dNLR, derived neutrophil‐to‐
lymphocyte; PLR, platelet–lymphocyte ratio.
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TABLE 5 | Univariate and multivariate analyses of factors associated with PFS and OS.

Patient Characteristics Univariate Analysis Multivariate Analysis

PFS HR (95% CI) p HR (95% CI) p

Lines of immunotherapy
<2 1 [the reference] <0.001 1 [the reference] <0.00
≥2 2.402 (1.798–3.208) 2.387 (1.783–3.196) 1

Pleural fluid
Absent 1 [the reference] 0.017 1 [the reference] 0.055
Present 2.062 (1.140–3.727) 1.792 (0.987–3.252)

Ascites
Absent 1 [the reference] 0.012 1 [the reference] 0.674
Present 1.511 (1.094–2.087) 1.081 (0.753–1.550)

ECOG PS
0–1 1 [the reference] 0.002 1 [the reference] 0.376
≥ 2 2.316 (1.363–3.936) 1.310 (0.721–2.379)

Dosage of immunotherapy, median
<200 mg 1 [the reference] 0.026 1 [the reference] 0.557
≥200 mg 1.375 (1.040–1.817) 1.098 (0.804–1.499)

Response to line before immunotherapy
Others 1 [the reference] 0.007 1 [the reference] 0.857
PD 1.518 (1.120–2.058) 0.968 (0.684–1.372)

Number of metastatic sites
<3 1 [the reference] 0.020 1 [the reference] 0.027
≥3 1.458 (1.061–2.003) 1.439 (1.042–1.987)

ICIs combined with other therapies
Yes 1 [the reference] 0.024 1 [the reference] 0.541
No 1.495 (1.050–2.000) 1.116 (0.785–1.584)

dNLR combined with PLR score
The good group 1 [the reference] 0.005 1 [the reference] 0.016

The intermediate/poor group 1.582 (1.147–2.181) 1.499 (1.078–2.086)

Patient Characteristics Univariate Analysis Multivariate Analysis

OS HR (95% CI) p HR (95% CI) p

ECOG PS
0–1 1 [the reference] <0.001 1 [the reference] 0.028
≥ 2 4.251 (2.471–7.312) 1.937 (1.075–3.489)
Lines of immunotherapy
<2 1 [the reference] <0.001 1 [the reference] <0.00
≥2 2.668(1.881–3.785) 2.355 (1.645–3.370) 1
Bone metastasis
Absent 1 [the reference] 0.019 1 [the reference] 0.186
Present 1.782(1.100–2.887) 1.453 (0.835–2.527)
Ascites
Absent 1 [the reference] 0.031 1 [the reference] 0.785
Present 1.485 (1.037–2.125) 1.056 (0.715–1.560)
Pleural fluid
Absent 1 [the reference] 0.035 1 [the reference] 0.315
Present 2.002(1.050–3.815) 1.445 (0.705–2.961)
Number of metastatic sites
<3 1 [the reference] 0.002 1 [the reference] 0.011
≥3 1.765 (1.242–2.507) 1.581 (1.108–2.256)
Response to line before immunotherapy
Others 1 [the reference] 0.001 1 [the reference] 0.404
PD 1.896 (1.302–2.760) 1.204 (0.779–1.862)
Dosage of immunotherapy, median (range)
≥200 mg 1 [the reference] <0.001 1 [the reference] 0.005
<200 mg 1.984 (1.440–2.734) 1.625 (1.156–2.286)
ICIs combined with other therapies
Yes 1 [the reference] 0.001 1 [the reference] 0.760
No 1.825 (1.280–2.603) 1.064 (0.713–1.588)
dNLR combined with PLR score
The good group 1 [the reference] 0.001 1 [the reference] 0.033
The intermediate/poor group 1.909 (1.299–2.805) 1.540 (1.036–2.288)
Frontiers in Oncology | www.frontiersin.org
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PFS, progression-free survival; OS, overall survival; AGC, advanced gastric cancer; ICIs, immune checkpoint inhibitors; HR, hazard ratio; dNLR, derived neutrophil‐to‐lymphocyte, PLR,
platelet–lymphocyte ratio; PD, progressive disease; ECOG PS, Eastern Cooperative Oncology Group performance status scores.
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Our study then conducted subgroup analysis based on different
lines of immunotherapy. Univariate analyses of association of the
dNLR/PLR group with outcomes in a large number of lines of
immunotherapy (≥2) are shown in Table 7. For 130 patients
treated with ICIs in subsequent lines, 97 (58.1%) patients were in
the intermediate/poor dNLR/PLR group and 33 (46.5%) patients
were in the good group. The median PFS and OS were 8.4 and 3
months, respectively. Patients of the intermediate/poor dNLR/PLR
group had shorter PFS and OS than the good dNLR/PLR group
(2.9 months vs. 3.3 months, 8.1 months vs. 11.2 months; p = 0.007,
p = 0.014) (Figures 4A, B, and Table 7). Moreover, Kaplan–Meier
analysis show that patients using ICIs in multilines with an elevated
dNLR value (≥1.95) had shorter PFS and OS than those with a
lower dNLR value (2.8 months vs. 4.2 months, 5.8 months vs. 11.6
months; p < 0.001, p = 0.001) (Figures 4C, D). However, no clear
differences in PFS and OS were observed between the patients with
an elevated PLR value (≥163.63) and those with a lower PLR value
(<163.63) (2.8 months vs. 3.2 months, 8.2 months vs. 9.7 months;
p = 0.308, p = 0.210) (Figures 4E, F).

Univariate analyses of association of the dNLR/PLR group with
outcomes in lines of immunotherapy of 1 are shown inTable 8. For
the 108 patients treated with ICIs in the 1st line, 70 (41.9%) patients
were in the intermediate/poor dNLR/PLR group and 38 (53.5%)
Frontiers in Oncology | www.frontiersin.org 9
patients were in the good dNLR/PLR group. The median PFS and
OS were 9.1 and 29 months, respectively. No clear differences in
PFS and OS were observed between the intermediate/poor dNLR/
PLR group and the good dNLR/PLR group (9.1 months vs. 9.1
months, 24.4 months vs. 32.8 months; p = 0.414, p = 0.128)
(Figures 5A, B, and Table 8). Moreover, Kaplan–Meier analysis
show that patients implementing ICIs in the 1st line with an
elevated dNLR value (≥1.95) had shorter OS than those with a
lower dNLR value (17.1 months vs. 35.2 months; p = 0.016)
(Figure 5C). However, no clear difference of PFS was observed
between the patients with an elevated dNLR value and with a lower
dNLR value (7.6 months vs. 10.5 months; p = 0.090) (Figure 5D).
Furthermore, there were no statistical differences in PFS and OS
between the patients with an elevated PLR value (≥163.63) and
with a lower PLR value (<163.63) (7.6 months vs. 9.1 months, 24.4
months vs. 32.8 months; p = 0.766, p = 0.391) (Figures 5E, F).

Association of the Composite Biomarker
of dNLR and PLR With Outcomes in ICIs
Combined With Other Therapies or ICIs
Monotherapy: Subgroup Analysis
Univariate analysis revealed that patients treated with ICIs
combined with other therapies were correlated with improved
A B

FIGURE 3 | PFS (A) and OS (B) according to the good group and the intermediate/poor group of patients with AGC receiving ICIs cohort. PFS, progression free
survival; OS, overall survival; AGC, advanced gastric cancer; ICIs, immune checkpoint inhibitors.
TABLE 6 | Efficacy and prognosis based on the good, the intermediate, and the poor groups.

dNLR combined with PLR score
classification

Response rate OS (months) PFS (months)

DCR (n, %) OR (95% CI) Median HR (95% CI) Median HR (95% CI)

Overall (n = 238) 126 (52.9) 12.5 (10.278–14.722) 4.7 (3.686–5.714)
The good group (n = 71) 40 (56.3) 1 [the reference] 26.3 (19.029–33.571) 1 [the reference] 5.5 (3.787–7.213) 1 [the reference]
The intermediate group (n = 86) 43 (50.0) 1.290 (0.686–2.426) 12.1 (10.687–13.513) 1.540 (0.999–2.373) 5.8 (3.437–8.163) 1.355 (0.944–1.944)
The poor group (n =81) 43 (53.1) 1.140 (0.601–2.164) 8.2 (4.966–11.434) 2.406 (1.579–3.665) 3.8 (3.017–4.583) 1.889 (1.319–2.704)
P-value 0.730 <0.001 0.002
The intermediate group (n = 86) 43 (50.0) 1 [the reference] 12.1 (10.687–13.513) 1 [the reference] 5.8 (3.437–8.163) 1 [the reference]
The poor group (n =81) 43 (53.1) 0.884 (0.481–1.622) 8.2 (4.966–11.434) 1.562 (1.083–2.253) 3.8 (3.017–4.583) 1.394 (1.009–1.926)
p-value 0.690 0.017 0.044
The good group (n = 71) 40 (56.3) 1 [the reference] 26.3 (19.029–33.571) 1 [the reference] 5.5 (3.787–7.213) 1 [the reference]
The intermediate group (n = 86) 43 (50.0) 1.290 (0.686–2.426) 12.1 (10.687–13.513) 1.540 (0.999–2.373) 5.8 (3.437–8.163) 1.355 (0.944–1.944)
p-value 0.050 0.099
The good group (n = 71) 40 (56.3) 1 [the reference] 26.3 (19.029–33.571) 1 [the reference] 5.5 (3.787–7.213) 1 [the reference]
The poor group (n =81) 43 (53.1) 1.140 (0.601–2.164) 8.2 (4.966–11.434) 2.406 (1.579–3.665) 3.8 (3.017–4.583) 1.889 (1.319–2.704)
p-value <0.001 0.001
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OS and PFS. Our study then conducted subgroup analysis based
on ICIs combined with other therapies or ICI monotherapy.
Univariate analyses of association of the dNLR/PLR group with
outcomes in patients treated with ICIs combined with other
therapies are shown in Table 9. For 186 patients in whom ICIs
are combined with other therapies, 129 (69.4) patients were in
the intermediate/poor dNLR/PLR group and 57 (30.6%) patients
Frontiers in Oncology | www.frontiersin.org 10
were in the good group. The median PFS and OS were 5.1 and
14.2 months, respectively. Patients of the intermediate/poor
dNLR/PLR group had shorter PFS and OS than the good
dNLR/PLR group (4.7 months vs. 5.5 months, 24.4 months vs.
32.8 months; p = 0.026, p = 0.002) (Table 9). Patients in the
intermediate/poor dNLR/PLR group were correlated with an
over 2 times greater risk of death (HR = 2.063; 95% CI, 1.305–
TABLE 7 | Univariate analyses of the good group and the intermediate/poor group associated with OS and PFS of AGC patients treated with ICIs in the multi-line.

dNLR combined with PLR score classification Patients treated with ICIs in the multi-line

OS (months) PFS (months)

Median HR (95%CI) Median HR (95%CI)

The good 11.2 1 [Reference] 3.3 1 [Reference]
The intermediate/ poor group 8.1 1.811 (1.117-2.935) 2.9 1.844 (1.168-2.909)
P value 0.014 0.007
F
ebruary 2022 | Volume
PFS, progression free survival; OS, overall survival; AGC, advanced gastric cancer; ICIs, immune checkpoint inhibitors; HR, hazard ratio; dNLR, derived neutrophil‐to‐lym‐ phocyte: PLR,
platelet-lymphocyte ratio.
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FIGURE 4 | PFS (A) and OS (B) of the good group and the intermediate/poor group of the multi-line of patients with AGC, receiving ICIs cohort, PFS (C) and OS
(D) of the dNLR of the multi-line of patients with AGC, receiving ICIs cohort, and PFS (E) and OS (F) of the PLR of the multi-line of patients with AGC, receiving ICIs
cohort. PFS, progression-free survival; OS, overall survival; ICIs, immune checkpoint inhibitors; dNLR, derived neutrophil‐to‐lymphocyte; PLR, platelet–lymphocyte ratio.
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3.260; p = 0.002) and with an over 1.5 times greater risk disease
progression (HR = 1.507; 95% CI, 1.046–2.170; p = 0.028) than
those in the good NLR/PLR group (Figures 6A, B, and Table 9).
Moreover, Kaplan–Meier analysis shows that patients using ICIs
combined with other therapies with an elevated dNLR value
Frontiers in Oncology | www.frontiersin.org 11
(≥1.95) had shorter PFS and OS than those with a lower dNLR
value (3.9 months vs. 5.8 months, 9.5 months vs. 29.0 months;
p = 0.002, p < 0.001) (Figures 6C, D). Furthermore, patients with
an elevated PLR value (≥163.63) had shorter OS than those with
a lower PLR value (<163.63) (11.6 months vs. 29.0 months;
TABLE 8 | Univariate analyses of the good group and the intermediate/poor group associated with OS and PFS of AGC patients treated with 1st line ICIs.

dNLR combined with PLR score classification Patients treated with the 1st line ICIs

OS (months) PFS (months)

Median HR (95%CI) Median HR (95%CI)

The good 32.8 1 [Reference] 9.1 1 [Reference]
The intermediate/ poor group 24.4 1.641 (0.861-3.127) 9.1 1.219 (0.756-1.963)
P value 0.128 0.414
F
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FIGURE 5 | PFS (A) and OS (B) of the good group and the intermediate/poor group of the 1st line of patients with AGC, receiving ICIs cohort, OS (C) and PFS
(D) of the dNLR of the 1st line of patients with AGC, receiving ICIs cohort, and OS (E) and PFS (F) of the PLR of the 1st line of patients with AGC, receiving ICIs
cohort. PFS, progression-free survival; OS, overall survival; ICIs, immune checkpoint inhibitors; dNLR, derived neutrophil‐to‐lymphocyte; PLR, platelet–
lymphocyte ratio.
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p = 0.005) (Figure 6E). However, no clear difference in PFS was
observed between the patients with an elevated PLR value and
with a lower PLR value (4.7 months vs. 5.5 months; p =
0.068) (Figure 6F).
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Univariate analyses of association of the dNLR/PLR group
with outcomes in patients treated with ICIs monotherapy are
shown in Table 10. For the 52 patients treated with ICI
monotherapy, 38 (73.1%) patients were in the intermediate/
TABLE 9 | Univariate analyses of the good group and the intermediate/poor group associated with OS and PFS of AGC patients treated with ICIs combined with other
therapies.

dNLR combined with PLR score classification Patients treated with ICIs combined with other therapies.

Overall
n = 186

OS (months) PFS (months)

Median HR (95% CI) Median HR (95% CI)

The good 57 (30.6) 32.8 1 [Reference] 5.5 1 [Reference]
The intermediate/poor group 129 (69.4) 11.8 2.063 (1.305–3.260) 4.7 1.507 (1.046–2.170)
p-value 0.002 0.028
Februa
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FIGURE 6 | PFS (A) and OS (B) of the good group and the intermediate/poor group of patients with AGC, receiving ICIs combined with other therapies cohort, OS
(C) and PFS (D) of the dNLR of patients with AGC, receiving ICIs combined with other therapies cohort, and OS (E) and PFS (F) of the PLR of patients with AGC,
receiving ICIs combined with other therapies cohort. PFS, progression-free survival; OS, overall survival; ICIs, immune checkpoint inhibitors; dNLR, derived
neutrophil‐to‐lymphocyte; PLR, platelet–lymphocyte ratio.
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poor dNLR/PLR group and 14 (26.9%) patients were in the good
dNLR/PLR group. The median PFS and OS were 2.4 and 8.1
months, respectively. No clear differences in PFS and OS were
observed between the intermediate/poor dNLR/PLR group and
the good dNLR/PLR group (2.2 months vs. 2.7 months, 8.1
months vs. 7.9 months; p = 0.061 p = 0.302) (Figures 7A, B, and
Frontiers in Oncology | www.frontiersin.org 13
Table 10). Moreover, Kaplan–Meier analysis shows that patients
in whom ICIs were implemented in the multiline with an
elevated dNLR value (≥1.95) had shorter PFS and OS than
those with a lower dNLR value (1.9 months vs. 7.4 months, 5.7
months vs. 11.2 months; p = 0.008, p = 0.028) (Figures 7C, D).
However, no clear differences in PFS and OS were observed
TABLE 10 | Univariate analyses of the good group and the intermediate/poor group associated with OS and PFS of AGC patients treated with ICIs monotherapy.

dNLR combined with PLR score classification Patients treated with ICIs combined without chemotherapy

Overall
n = 52

OS (months) PFS (months)

Median HR (95% CI) Median HR (95% CI)

The good 14 (26.9) 7.9 1 [Reference] 2.7 1 [Reference]
The intermediate/poor group 38 (73.1) 8.1 1.448 (0.711–2.948) 2.2 1.887 (0.953–3.738)
p-value 0.307 0.069
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FIGURE 7 | PFS (A) and OS (B) of the good group and the intermediate/poor group of patients with AGC, receiving ICIs monotherapy cohort, OS (C) and PFS (D)
of the dNLR of patients with AGC, receiving ICIs monotherapy cohort, and OS (E) and PFS (F) of the PLR of patients with AGC, receiving ICIs monotherapy cohort.
PFS, progression-free survival; OS, overall survival; ICIs, immune checkpoint inhibitors; dNLR, derived neutrophil‐to‐lymphocyte; PLR, platelet–lymphocyte ratio.
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between the patients with an elevated PLR value (≥163.63) and
those with a lower PLR value (<163.63) (2.1 months vs. 4.9
months, 7.6 months vs. 9.4 months; p = 0.952, p = 0.518)
(Figures 7E, F).
DISCUSSION

The usage of immunotherapy in the field of GC treatment has
increased annually worldwide (7, 21). Based on the current
clinical trial results, the positive effect of immune checkpoint
inhibitors is very apparent (22). Comparatively, immunotherapy
drugs are expensive and prone to drug resistance and even super-
progress (23, 24). Therefore, finding an effective predictive
marker is an urgent matter to be solved. These indicators can
predict immune curative effect, so as to achieve precise
treatment. However, the current evaluation of biomarkers for
immunotherapy is relatively limited (15). The highly
heterogeneous characteristics of GC may limit the accuracy of
a single biomarker for screening populations benefiting from
immunotherapy (25). In contrast, the combination of multiple
indicators can provide more targeted information for the
detection of potential immune benefit subgroups. Peripheral
inflammatory blood indexes such as NLR, dNLR, and PLR are
independent prognostic biomarkers for patients receiving
immunotherapy (13, 14, 20). A prognostic correlation analysis
of patients with advanced non-small cell lung cancer treated with
peripheral blood biomarkers and anti-PD-1 antibody treatment
by Soyano et al. showed that patients with an elevated PLR value
were correlated independently with poor prognosis (26). When
the fluctuations of PLR are interpreted along with other
complementary hematologic indices, its value as an
inflammatory marker will increase. One typical example of the
complementary hematologic index is NLR, which provides
additional information about neutrophilic inflammation and
infectious complications (27). Consequently, Dharmapuri et al.
established a statistical model by NLR/PLR groups and found
that there were significant differences in survival between the
high-NLR/low-PLR group and the low-NLR/low-PLR group in
advanced hepatocellular carcinoma patients treated with ICIs
(16). The efficiency of dNLR as useful biomarkers, predicting ICI
response, has been proved by Lim et al. (20). Our research also
found that patients with an elevated dNLR value (≥ the best
cutoff value) were associated with shorter OS and PFS. Patients
with an elevated dNLR value were associated with an over 1.8
times greater risk of disease progression (HR = 1.807; 95% CI,
1.356–2.407; p < 0.001) and an over 2.1 times greater risk of
death (HR = 2.161; 95% CI, 1.542–3.028; p < 0.001) than those
with a lower dNLR value. However, patients with high levels of
PLR (≥ the median value) were only associated with shorter OS,
but not PFS. Patients with an elevated PLR value were associated
with an over 1.4 times greater risk of death than those with a
lower PLR value (<163.63) (HR = 1.416; 95% CI, 1.026–1.956; p =
0.033). On the other hand, Baicun Hou et al. noticed that the
Lung immune prognostic index (LIPI), consisting of lactate
dehydrogenase (LDH) levels and dNLR, was correlated with
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As such, we combined dNLR and PLR to stratify risk factors. The
high levels of dNLR (≥1.95) and PLR (≥163.63) were considered
to be risk factors. Based on these two risk factors, patients were
categorized into 3 groups: the risk factor number for the “good”
group was 0, that for the “intermediate” group was 1, and that for
the “poor” group was 2. Due to the similar efficacy and survival
outcomes of patients in intermediate and good groups, the
subjects were divided into two groups: dNLR/PLR-good and
dNLR/PLR-intermediate/poor. We then began to evaluate the
differences in prognosis and survival of AGC patients after
immunotherapy between the good and the intermediate/poor
groups. The cutoff value of dNLR was obtained by the ROC
curves to predict the disease progression rate at the 8th month
and the cutoff value of PLR was estimated by the median value.
The cutoff values of dNLR and PLR were 1.95 and 163.63,
respectively. Dharmapuri et al. found that the high-NLR/low-
PLR group has shorter OS and PFS than the low-NLR/low-PLR
group. We also found that the good dNLR/PLR group was
independently associated with better prognosis. The
intermediate/poor dNLR/PLR group was independently
correlated with an over 1.4 times greater risk of disease
progression (4.1 months vs. 5.5 months; p = 0.016) and an
over 1.54 times greater risk of death (11.1 months vs. 26.3
months; p = 0.033) than the good dNLR/PLR group. However,
no clear differences in the disease control rate (DCR) and overall
response rate (ORR) were observed between the intermediate/
poor dNLR/PLR group and the good dNLR/PLR group (51.5%
vs. 56.3%, 26.3% vs. 29.6%; p = 0.494, p = 0.609). Baicun Hou
et al. noticed that patients with a good PS (ECOG PS of 0–1) were
also independently associated with PFS and OS for AGC patients
treated with ICIs (28). However, in our study, patients who had a
good PS (ECOG PS of 0–1) were independently associated with
improved OS, but without improved PFS. Baicun Hou et al.
noticed that patients treated with combinat ion of
immunotherapy and other therapies were associated with
longer OS, with HRs of 0.58 (95% CI, 0.37–0.93; p = 0.024),
and PFS, with HRs of 0.49 (95% CI, 0.30–0.81; p = 0.005) (28).
However, in our study, there were no statistical differences for OS
and PFS between patients treated with ICIs, ICI plus
chemotherapy, ICI plus antiangiogenic and chemotherapy
group, and ICI plus antiangiogenic or target agents. We found
that patients treated with the 1st line ICIs were independently
associated with improved PFS and OS. However, no clear
differences in OS and PFS were observed between patients
treated with the 1st line ICIs and those treated with ICIs after
the 1st line in the study of Baicun Hou et al. (28). We also found
that patients who had fewer organ metastases (<3) were
independently associated with improved PFS and OS.
However, Baicun Hou et al. found that patients who had fewer
organ metastases (< 2) were not independently associated with
improved PFS and OS than those who had more organ
metastases (≥2) (28). In addition, our study firstly found that
patients treated with more doses of ICIs (≥200 mg) were
independently associated with improved OS, but without
improved PFS. However, the mechanism of the correlation
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between this peripheral blood inflammatory complex index and
the tumor prognosis is relatively complicated, and it still needs to
be further explored through basic experiments and clinical trials.
Some studies suggested that this may be related to the tumor-
immune microenvironment of patients (29, 30). In addition to
direct immune killing effects on tumor cells, these biomarkers are
also related to tumor immunostimulatory signals and the
activation of effector cells. Neutrophils are derived from bone
marrow hematopoietic stem cells and have chemotaxis,
phagocytosis, and bactericidal effect (31). Moreover, not
only can it enhance the growth of tumor cells under the
effect of tumor, its microenvironment reproduction and
invasion can also promote angiogenesis and mediate tumor
immunosuppression (32).

Lymphocyte is an important component for the body’s
immune response function (33). Elevated neutrophils can
inhibit the immune attack ability of lymphocytes (34).
Consequently, NLR, defined as the ratio of neutrophils to
lymphocytes, can comprehensively reflect the immune status
and inflammation of the tumor patients (35). dNLR is defined as
the ratio between the neutrophil and white blood cell minus
neutrophil. The dNLR can reflect changes in the body’s immune
system, so it is more meaningful than NLR (36). Platelets are
produced by mature megakaryocytes in bone marrow
hematopoietic tissue (37). It can release inflammatory factors
such as thrombospondin and vascular endothelial growth factor,
and participates in tumor cell adhesion, extravasation, invasion,
immune escape, and tumor angiogenesis (38). Moreover,
tumors grow and evolve through constant crosstalk with the
surrounding microenvironment, and emerging evidence
indicates that angiogenesis and immunosuppression frequently
occur simultaneously in response to this crosstalk (39).
Accordingly, strategies combining anti-angiogenic therapy and
immunotherapy seem to have the potential to tip the balance of
the tumor microenvironment and improve treatment response
(39). Therefore, based on the value of PLR, we may be able to
roughly assess whether patients can benefit from the therapy of
ICI combined with antiangiogenic agents. dNLR and PLR are
composite indicators of lymphocyte, neutrophil, and platelet, so
they can reflect the balance of the body’s tumor inflammatory
response to a certain extent. Therefore, the higher dNLR and
PLR tumor patients get, the worse their prognosis will be.

As a retrospective data collection, this study might have some
reporting errors. Due to these, positive results could be
exaggerated, and some false positives could appear on research
results. However, these errors were inevitable in research design.
Moreover, this study had some limitations, including a relatively
small sample size with a mixed population of GC of cardia, GC of
body/fundus, and GC of pylorus, as well as a lack of comparison
of the two groups among the three cancers.
CONCLUSION

This retrospective cohort study has demonstrated that a
composite biomarker of dNLR and PLR is independently
Frontiers in Oncology | www.frontiersin.org 15
correlated with the survival of AGC patients implementing
immunotherapy. It may be difficult for patients with the
intermediate/poor dNLR/PLR group to benefit from
immunotherapy. However, the possibility of using the complex
index as an effective and economic prognostic biomarker to
select patients who are best suited to receiving ICIs needs further
investigation in a larger prospective study.
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Phase III Trial of Avelumab Maintenance After First-Line Induction
Chemotherapy Versus Continuation of Chemotherapy in Patients With
Gastric Cancers: Results From JAVELIN Gastric 100. J Clin Oncol (2021)
39(9):966–77. doi: 10.1200/JCO.20.00892

9. Chung HC, Bang YJ S, Fuchs C, Qin SK, Satoh T, Shitara K, et al. First-Line
Pembrolizumab/Placebo Plus Trastuzumab and Chemotherapy in HER2-
Positive Advanced Gastric Cancer: KEYNOTE-811. Future Oncol (2021) 17
(5):491–501. doi: 10.2217/fon-2020-0737

10. Kelly RJ. Immunotherapy for Esophageal and Gastric Cancer. Am Soc Clin
Oncol Educ Book (2017) 37:292–300. doi: 10.1200/EDBK_175231

11. Kono K, Nakajima S, Mimura K. Current Status of Immune Checkpoint
Inhibitors for Gastric Cancer. Gastric Cancer (2020) 23(4):565–78. doi:
10.1007/s10120-020-01090-4

12. Wei Q, Yuan X, Xu Q, Li J, Chen L, Ying J. Correlation Between Hemoglobin
Levels and the Prognosis of First-Line Chemotherapy in Patients With
Advanced GC. Cancer Manag Res (2020) 12:7009–19. doi: 10.2147/
CMAR.S256074

13. Kim EY, Lee JW, Yoo HM, Park CH, Song KY. The Platelet-To-Lymphocyte
Ratio Versus Neutrophil-To-Lymphocyte Ratio: Which Is Better as a
Prognostic Factor in GC. Ann Surg Oncol (2015) 22(13):4363–70.
doi: 10.1245/s10434-015-4518-z

14. Matsuoka T, Yashiro M. Biomarkers of GC: Current Topics and Future
Perspective. World J Gastroenterol (2018) 24(26):2818–32. doi: 10.3748/
wjg.v24.i26.2818

15. Gou M, Zhang Y, Liu T, Qu T, Si H, Wang Z, et al. The Prognostic Value of
Pre-Treatment Hemoglobin (Hb) in Patients With Advanced or Metastatic
GC Treated With Immunotherapy. Front Oncol (2021) 11:655716.
doi: 10.3389/fonc.2021.655716

16. Dharmapuri S, Özbek U, Lin JY, Sung M, Schwartz M, Branch AD, et al.
Predictive Value of Neutrophil to Lymphocyte Ratio and Platelet to
Lymphocyte Ratio in Advanced Hepatocellular Carcinoma Patients Treated
With Anti-PD-1 Therapy. Cancer Med (2020) 9(14):4962–70. doi: 10.1002/
cam4.3135

17. Namikawa T, Yokota K, Tanioka N, Fukudome I, Iwabu J, Munekage M, et al.
Systemic Inflammatory Response and Nutritional Biomarkers as Predictors of
Nivolumab Efficacy for Gastric Cancer. Surg Today (2020) 50(11):1486–95.
doi: 10.1007/s00595-020-02048-w
Frontiers in Oncology | www.frontiersin.org 16
18. Ohta A, Komatsu S, Tsuji R, Tanaka S, Kumano T, Imura K, et al. [Clinical
Evaluation of the Efficacy and Adverse Effects of Nivolumab Treatment for
Patients With Advanced Gastric Cancer]. Gan To Kagaku Ryoho (2020) 47
(4):725–7.

19. Nakamura N, Kinami S, Fujita J, Kaida D, Tomita Y, Miyata T, et al.
Chronological Changes in Neutrophil/lymphocyte Ratio in Advanced
Gastric Cancer Patients Treated With Nivolumab: A Report of Nine Cases.
Asian Pac J Cancer Prev (2020) 21(10):2955–60. doi: 10.31557/
APJCP.2020.21.10.2955

20. Lim JU, Kang HS, Yeo CD, Kim JS, Park CK, Kim JW, et al. Predictability of
Early Changes in Derived Neutrophil-to-Lymphocyte Ratio and Neutrophil-
to-Lymphocyte Ratio in Patients With Advanced Non-Small Cell Lung
Cancer Treated With Immune Checkpoint Inhibitors. J Thorac Dis (2021)
13(5):2824–32. doi: 10.21037/jtd-20-3416

21. Xie J, Fu L, Jin L. Immunotherapy of Gastric Cancer: Past, Future Perspective
and Challenges. Pathol Res Pract (2021) 218:153322. doi: 10.1016/
j.prp.2020.153322

22. Tan S, Li D, Zhu X. Cancer Immunotherapy: Pros, Cons and Beyond. BioMed
Pharmacother (2020) 124:109821. doi: 10.1016/j.biopha.2020.109821

23. Chen S, Gou M, Yan H, Fan M, Pan Y, Fan R, et al. Hyperprogressive Disease
Caused by PD-1 Inhibitors for the Treatment of Pan-Cancer. Dis Markers
(2021) 2021:6639366. doi: 10.1155/2021/6639366

24. Kim RD, Chung V, Alese OB, El-Rayes BF, Li D, Al-Toubah TE, et al. A Phase
2 Multi-Institutional Study of Nivolumab for Patients With Advanced
Refractory Biliary Tract Cancer. JAMA Oncol (2020) 6(6):888–94.
doi: 10.1001/jamaoncol.2020.0930

25. Huang X, Zhang J, Zheng Y. ANTXR1 Is a Prognostic Biomarker and
Correlates With Stromal and Immune Cell Infiltration in Gastric Cancer.
Front Mol Biosci (2020) 7:598221:598221. doi: 10.3389/fmolb.2020.
598221

26. Soyano AE, Dholaria B, Marin-Acevedo JA, Diehl N, Hodge D, Luo Y, et al.
Peripheral Blood Biomarkers Correlate With Outcomes in Advanced Non-
Small Cell Lung Cancer Patients Treated With Anti-PD-1 Antibodies.
J Immunother Cancer (2018) 6(1):129. doi: 10.1186/s40425-018-0447-2

27. Gasparyan AY, Ayvazyan L, Mukanova U, Yessirkepov M, Kitas GD. The
Platelet-To-Lymphocyte Ratio as an Inflammatory Marker in Rheumatic
Diseases. Ann Lab Med (2019) 39(4):345–57. doi: 10.3343/alm.2019.39.4.345

28. Hou B, Wang P, Liu T, Chen S, Li T, Zhang S, et al. Association of the
Pretreatment Lung Immune Prognostic Index With Survival Outcomes in
Advanced Gastric Cancer Patients Treated With Immune Checkpoint
Inhibitors. Clin Res Hepatol Gastroenterol (2021) 45(5):101748.
doi: 10.1016/j.clinre.2021.101748

29. Balkwill F, Mantovani A. Inflammation and Cancer: Back to Virchow? Lancet
(2001) 357(9255):539–45. doi: 10.1016/S0140-6736(00)04046-0

30. Coussens LM, Werb Z. Inflammation and Cancer. Nature (2002) 420
(6917):860–7. doi: 10.1038/nature01322

31. Garwicz D, Lennartsson A, Jacobsen SE, Gullberg U, Lindmark A.
Biosynthetic Profiles of Neutrophil Serine Proteases in a Human Bone
Marrow-Derived Cellular Myeloid Differentiation Model. Haematologica
(2005) 90(1):38–44.

32. Li TJ, Jiang YM, Hu YF, Huang L, Yu J, Zhao LY, et al. Interleukin-17-
Producing Neutrophils Link Inflammatory Stimuli to Disease Progression by
Promoting Angiogenesis in Gastric Cancer. Clin Cancer Res (2017) 23
(6):1575–85. doi: 10.1158/1078-0432.CCR-16-0617

33. Manson J, Hoffman R, Chen S, Ramadan MH, Billiar TR. Innate-Like
Lymphocytes Are Immediate Participants in the Hyper-Acute Immune
Response to Trauma and Hemorrhagic Shock. Front Immunol (2019)
10:1501:1501. doi: 10.3389/fimmu.2019.01501

34. Wu L, Saxena S, Singh RK. Neutrophils in the Tumor Microenvironment. Adv
Exp Med Biol (2020) 1224:1–20. doi: 10.1007/978-3-030-35723-8_1

35. Guo C, Ding P, Xie C, Ye C, Ye M, Pan C, et al. Potential Application of the
Oxidative Nucleic Acid Damage Biomarkers in Detection of Diseases.
Oncotarget (2017) 8(43):75767–77. doi: 10.18632/oncotarget.20801

36. Mezquita L, Auclin E, Ferrara R, Charrier M, Remon J, Planchard D, et al.
Association of the Lung Immune Prognostic Index With Immune Checkpoint
Inhibitor Outcomes in Patients With Advanced NSCLC. JAMA Oncol (2018)
4(3):351–7. doi: 10.1001/jamaoncol
February 2022 | Volume 11 | Article 798415

https://doi.org/10.3322/caac.21590
https://doi.org/10.1007/s10120-019-01034-7
https://doi.org/10.1007/s10120-018-0899-6
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1016/S0140-6736(18)33073-3
https://doi.org/10.1016/S0140-6736(18)31277-7
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1200/JCO.20.00892
https://doi.org/10.2217/fon-2020-0737
https://doi.org/10.1200/EDBK_175231
https://doi.org/10.1007/s10120-020-01090-4
https://doi.org/10.2147/CMAR.S256074
https://doi.org/10.2147/CMAR.S256074
https://doi.org/10.1245/s10434-015-4518-z
https://doi.org/10.3748/wjg.v24.i26.2818
https://doi.org/10.3748/wjg.v24.i26.2818
https://doi.org/10.3389/fonc.2021.655716
https://doi.org/10.1002/cam4.3135
https://doi.org/10.1002/cam4.3135
https://doi.org/10.1007/s00595-020-02048-w
https://doi.org/10.31557/APJCP.2020.21.10.2955
https://doi.org/10.31557/APJCP.2020.21.10.2955
https://doi.org/10.21037/jtd-20-3416
https://doi.org/10.1016/j.prp.2020.153322
https://doi.org/10.1016/j.prp.2020.153322
https://doi.org/10.1016/j.biopha.2020.109821
https://doi.org/10.1155/2021/6639366
https://doi.org/10.1001/jamaoncol.2020.0930
https://doi.org/10.3389/fmolb.2020.598221
https://doi.org/10.3389/fmolb.2020.598221
https://doi.org/10.1186/s40425-018-0447-2
https://doi.org/10.3343/alm.2019.39.4.345
https://doi.org/10.1016/j.clinre.2021.101748
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.1038/nature01322
https://doi.org/10.1158/1078-0432.CCR-16-0617
https://doi.org/10.3389/fimmu.2019.01501
https://doi.org/10.1007/978-3-030-35723-8_1
https://doi.org/10.18632/oncotarget.20801
https://doi.org/10.1001/jamaoncol
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Pan et al. dNLR and PLR as Prognostic Biomarker
37. Leiva O, Leon C, Kah Ng S, Mangin P, Gachet C, Ravid K. The Role of
Extracellular Matrix Stiffness in Megakaryocyte and Platelet Development and
Function. Am J Hematol (2018) 93(3):430–41. doi: 10.1002/ajh.25008

38. Mege D, Aubert M, Lacroix R, Dignat-George F, Panicot-Dubois L, Dubois C.
Involvement of Platelets in Cancers. Semin Thromb Hemost (2019) 45(6):569–
75. doi: 10.1055/s-0039-1693475

39. Solimando AG, Summa S, Vacca A, Ribatti D. Cancer-Associated
Angiogenesis: The Endothelial Cell as a Checkpoint for Immunological
Patrolling. Cancers (Basel) (2020) 12(11):3380. doi: 10.3390/cancers12113380

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.
Frontiers in Oncology | www.frontiersin.org 17
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
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Pan, Si, Deng, Chen, Zhang, Zhou, Wang and Dai. 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.
February 2022 | Volume 11 | Article 798415

https://doi.org/10.1002/ajh.25008
https://doi.org/10.1055/s-0039-1693475
https://doi.org/10.3390/cancers12113380
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

	A Composite Biomarker of Derived Neutrophil–Lymphocyte Ratio and Platelet–Lymphocyte Ratio Correlates With Outcomes in Advanced Gastric Cancer Patients Treated With Anti-PD-1 Antibodies
	Introduction
	Materials and Methods
	Study Population
	Treatment Regimens
	Assessment
	dNLR, PLR, and Statistical Models by dNLR/PLR Groups
	Statistical Analysis

	Results
	Baseline Characteristics
	Treatment Characteristics
	A Composite Biomarker of dNLR and PLR for Response to ICIs
	dNLR and PLR for Survival of AGC Patients
	The Composite Biomarker of dNLR and PLR for PFS of AGC Patients
	The Composite Biomarker of dNLR and PLR for OS of AGC Patients
	Association of the Composite Biomarker of dNLR and PLR With Outcomes in Lines of Immunotherapy of 1 or a Large Number of Lines of Immunotherapy (&ge;2): Subgroup Analysis
	Association of the Composite Biomarker of dNLR and PLR With Outcomes in ICIs Combined With Other Therapies or ICIs Monotherapy: Subgroup Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	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


