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Background: It is prudent to identify the risk for progressive disease (PD) in patients with
non-small-cell lung cancer (NSCLC) who undergo platinum-based chemotherapy. The
present study aimed to develop a CT imaging-based sarcopenic nomogram for predicting
the risk of PD prior to chemotherapy treatment.

Methods: We retrospectively enrolled patients with NSCLC who underwent platinum-
based chemotherapy. Imaging-based body composition parameters such as skeletal
muscle index (SMI) for assessment of sarcopenia were obtained from pre-chemotherapy
chest CT images at the level of the eleventh thoracic vertebral body (T11). Sarcopenic
nomogram was constructed using multivariate logistic regression and performance of the
nomogram was evaluated by discrimination, calibration curve, and decision curve.

Results: Sixty (14.7%) of the 408 patients in the study cohort developed PD during
chemotherapy. The prediction nomogram for developing PD achieved amoderate efficiency
with an area under the curve (AUC) of 0.75 (95% CI: 0.69-0.80) for the training cohort, and
0.76 (95%CI: 0.68-0.84) for the validation cohort, as well as a good performance of
consistence (bootstrap for training cohort: 0.75 ± 0.02; validation cohort: 0.74 ± 0.06).
Favorable clinical application was observed in the decision curve analysis.

Conclusion: Our CT-based sarcopenic nomogram showed the potential for an
individualized prediction of progression for patients with NSCLC receiving platinum-
based chemotherapy.

Keywords: sarcopenia, body composition, platinum-based chemotherapy, progressive disease, non-small-cell
lung cancer
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INTRODUCTION

Lung cancer is the most common cancer and one of the leading
causes of cancer death (1). Non-small-cell lung cancer (NSCLC)
account for about 80% of all lung cancer cases (2) and advanced
NSCLC patients (Stage III and IV) account for approximately
65% of all NSCLC patients upon diagnosis (3). Platinum-based
chemotherapy is considered the first-line treatment strategy
according to the NCCN guidelines (4). However, treatment
response to this chemotherapy regimen is varied. Although a
large proportion of patients achieves remission, some patients
will develop progressive disease (PD) during treatment. Patients
with PD not only do not benefit from chemotherapy, but also
suffer from severe chemotherapy toxicity. Additionally, those
patients are deprived of a chance for selecting a more effective
treatment such as the new targeted therapies. Previous studies
have identified several potential biomarkers such as specific
genes, blood ctDNA, and circulating tumor cells etc. associated
with treatment response and prognosis (5–7). However, these
biomarkers are insufficient for predicting PD. There remains an
unmet need for identifying patients with NSCLC at high risk for
PD while undergoing platinum-based chemotherapy.

Computed tomography (CT) is the most commonly used
imaging modality for evaluating NSCLC and it has been mostly
widely used method for cancer diagnosis and for accessing
treatment response of patients with NSCLC undergoing
chemotherapy. Although CT imaging characteristics such as
tumor volume and morphology are known to be associated
with aggressiveness and outcome of NSCLC, these imaging
features alone are not sufficient for assessing chemotherapy
resistance in patients with NSCLC before treatment. New
imaging methods are needed for predicting the risk of patients
who may be resistant to chemotherapy.

Sarcopenia is a syndrome characterized by a loss of skeletal
muscle mass and physical function such as muscle strength or
physical performance, and is associated with a high risk of
adverse consequences including falls, fractures, disability, poor
quality of life, and increased use of hospital services (8).
Sarcopenia often precedes frailty, which is a phenotype
implying depletion of physiologic reserves (9). Prior studies
have reported a high prevalence of sarcopenia in cancer
patients especially those at advanced stage, including patients
with lung cancer (10), gastric cancer, advanced hepatocellular
carcinoma and metastatic renal cell carcinoma (11). Sarcopenia
has also been shown to be associated with cancer diagnosis,
treatment response (12, 13) and prognosis (14). For example, a
study comparing CT-quantified muscle and fat distribution
before and after chemotherapy showed that early detection and
prevention of sarcopenia may potentially reduce chemotherapy-
induced toxicity and improve outcome (15). However, there is
limited information about whether sarcopenia can be used to
predict chemotherapy resistance in patients with NSCLC
receiving platinum-based chemotherapy.
Abbreviations: NSCLC, Non-small-cell lung cancer; PD, progressive disease; CT,
Computed tomography; LMR, lymphocyte to monocyte ratio; NLR, Neutrophil to
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SMI, skeletal muscle index.
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Abdominal CT and MRI are commonly used for assessing
body composition including skeletal muscle mass in the lumbar
region (16) but they are not always obtained for initial imaging of
NSCLC. On the other hand, chest CT is routinely acquired in
clinical practice and is readily available in patients with lung
cancer. Therefore, it is prudent to evaluate body composition and
sarcopenia on pre-chemotherapy chest CT images.

The present study aimed to assess chest CT imaging-based
sarcopenic parameters for predicting the risk of PD in NSCLC
patients undergo platinum-based chemotherapy. The purpose of
this study was to develop a machine learning model
incorporating the chest CT-based sarcopenic parameters for
identifying those who had higher risk for PD, thus assisting
clinicians in selecting optimal treatment strategies for patients
with NSCLC.
MATERIALS AND METHODS

Study Cohort
This study was approved by our institutional review board (IRB:
20200401076). The written informed consents were waived due
to the retrospective nature of this study.

Consecutive patients with pathologically confirmed NSCLC
at advanced stages (Stage III/IV) and with a history of standard
platinum-based chemotherapy were retrospectively identified
through searching our institutional medical database from
May 2011 and March 2018. NSCLC staging was determined
according to the NCCN guidelines (4). Pre-chemotherapy
clinicopathological data and the initial chest CT images prior
to chemotherapy were obtained from the data base and the
imaging system by two study radiologists (QC, JY). The retrieved
laboratory data included the neutrophil to lymphocyte ratio
(NLR), lymphocyte to monocyte ratio (LMR), platelet-to-
lymphocyte ratio (PLR) and monocyte to lymphocyte ratio
(MLR). Patients with incomplete data or had other chemotherapy
were excluded from this study. Details of the patient recruiting
process are shown in Figure 1.

Re-Analysis of Pathology Specimen
For each patient, all pathological slides of the primary NSCLC
tumors were re-analyzed by two pathologists specialized in lung
cancer (GG and HY, with 6 and 25 years of experience,
respectively). Consensus was reached by discussion when
discrepancy occurred.

Treatment, Follow-Up and Outcome
Parameters
The primary endpoint of the study was PD according to RESIST
1.1 criterion (17). The secondary endpoint was overall survival
(OS). All patients received one standard chemotherapy course (6
cycles, every 3 weeks/cycle). All patients had follow-up
assessments, and the follow-up period was determined from
the first day of diagnosis to the day of endpoints. OS was defined
as the time from diagnosis to death due to any cause or to the last
follow-up for the survivors.
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CT Image Acquisition and Body
Composition Measurement
All patients underwent a non-enhanced chest CT scan prior to
chemotherapy on one of the three CT scanners, i.e., a 16-MDCT
(Brilliance 16, Philipps), a 64-MDCT (SOMATOM Definition,
Siemens), and a 320-MDCT (Aquilion ONE, Toshiba Medical
Systems) scanner. All chest CT images were retrieved from the
same Picture Archiving and Communication Systems (PACS,
Carestrem, Canada), and were transferred to the same external
workstation (Leonardo; Siemens Medical Solutions, Forchheim,
Germany). All axial CT images were reconstructed to a thickness
of 1 mm.

One axial CT image was selected at the level of the eleventh
thoracic vertebra level (T11) for measurement of skeletal muscle
from each CT scan. In addition, a second axial CT image at the
porta hepatic level was selected for measurement of visceral fat.
Skin, visceral organs, bone, and spinal canal were excluded
manually in the selected axial images. Body composition
features of skeletal muscle was measured as previously
reported (18). The chest wall and back muscles including the
psoas, paraspinal, transversus abdominis, rectus abdominis,
internal oblique muscles, and external oblique muscles were
manually segmented on the selected axial image at the T11
level for each scan. The area of the chest wall and back
muscles were calculated by using the area of pixels with
threshold attenuation between -30 and 150 Hounsfield units
(Hu) in the areas of interest. In addition, all segmentation results
from the threshold segmentation were checked and corrected
manually on the post-processing workstation by the two
radiologists (FZ and DJ). When there were discrepancies in
image evaluation, they reached a consensus through discussion.

Total body fat area, visceral fat area, subcutaneous fat area,
muscle fat area (MFA) and skeletal muscle area (SMA) were
Frontiers in Oncology | www.frontiersin.org 3
measured manually on the selected axial images on a workstation
(AdvantageWindows workstation 4.6, GEHealthcare, Milwaukee,
Wisconsin, USA). Skeletal muscle index (SMI) at the T11 level was
calculated as the total skeletal muscle area (SMA) (cm2) divided by
the square vertical length (m2) from T1 thru T10. Muscle fat index
(MFI) was calculated as the area of muscle fat (MFA) divided by
the square vertical length (m2) from T1 thru T10. Visceral or
subcutaneous fat index (VFI or SFI) was calculated as the area of
visceral or subcutaneous fat (cm2) at the porta hepatis level divided
by the square vertical length (m2) from T1 thru T10.

Sarcopenia was defined using cut‐off values determined
specifically for cancer patients (18–20). Since there were no
specific cut-off values for sarcopenia for muscle mass at the
T11 level, we used a cut-off value which was determined based on
tertiles stratified by sex (18). CT imaging analysis, and predictive
modeling were presented in Figure 2.

Reproducibility of Body Composition
Feature Measurement
Two radiologists, (reader 1, FZ, with 11 years of experience in CT
imaging; reader 2, DJ, with 18 years of experience in CT imaging)
performed independent segmentations and body composition
measurements on 30 randomly chosen patients’ chest CT scans.
The inter-observer (reader 1 versus reader 2) and intra-observer
(reader 1 twice, 4 weeks apart) correlation coefficient (ICC)
values were evaluated. Our results demonstrated satisfactory
inter- and intra-observer reproducibility of the body
composition features measured by the two radiologists. The
inter-observer ICCs of body composition features between
reader 1 (first time) and reader 2 ranged from 0.971 to 1.000.
The intra-observer ICC of reader 1’s two performances ranged
from 0.981 to 1.000. As a result, the body compositions measured
by reader 1 were used in all subsequent analysis.
A B

FIGURE 1 | (A) Flow-chart demonstrating the recruiting process for patients with non-small-cell lung cancer (NSCLC) with or without progressive disease (PD).
(B) Sankey diagram showing the scmap cluster projection of the outcome of the cases, gender, age, pathological type, expression of carcinoembryonic antigen
(CEA), cancer staging, body mass index (BMI), sarcopenic status, as well as the cohort information in the predictive modeling.
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Feature Selection
Feature selection was performed using the least absolute
shrinkage and selection operator (LASSO) method. The LASSO
method sufficiently reduced the number of features obtained from
the demographic, clinicopathological, laboratory and CT
imaging-based body composition data in our analysis and it
helped to select the most predictive features from the primary
data. In addition, we also carried out the redundancy analysis on
these features, and the results showed that the correlation
coefficients between the features extracted from each sequence
were less than 0.8. We used the variance inflation factor (VIF) to
measure multicollinearity problems between multivariable. The
VIF values in all selected features were less than 5, indicating that
there was no redundancy and multicollinearity.

Development of an Individualized
Prediction Model
Multivariate logistic regression analysis was used to determine
predictors associated with the risk for PD. To reduce overfitting, only
theselected factorsbasedonmultivariateanalysiswereusedtobuild the
models. The nomogram for predicting the risk of PDwas constructed
with sarcopenic parameters obtained on the chest CT images.

Performance Data and Clinical Application
of the Nomogram
Calibration of the nomogram was evaluated by calibration curves
(Hosmer-Lemeshow H test), and the diagnostic efficiency was
Frontiers in Oncology | www.frontiersin.org 4
quantified using the receiver operating characteristic (ROC)
curve and the area under the curve (AUC). To estimate the
prediction error, we further tested the proposed model using a
1000-iteration bootstrap analysis in both the training cohort and
the validation cohort. Decision curve analysis was performed to
evaluate the clinical usefulness of the nomogram in the
validation cohort.

Statistical Analysis
All statistical analysis was implemented with R software (http://
www.Rproject.org). Multivariate binary logistic regression,
nomograms and calibration plots were done with the “rms”
package. Decision curve was performed with the “rmda”
package. The “survival” package was used for survival analysis.
The statistical significant levels were all two-sided with statistical
significance set at 0.05. For the quantitative features, the
Wilcoxon rank-sum test was used. For the qualitative features,
Chi-square test or Fisher’s exact test was used to test differences
between the groups.

Continuous and categorical variables were presented as median
(min-max) and n (%), respectively. We used the Mann-Whitney U
test, Fisher’s exact test to compare differences between the PD group
and no-PD group where appropriate. To explore the risk factors
associated with PD, univariate and multivariate logistic regression
models were used. We excluded variables from the univariate
analysis if between-group differences were not significant, and if
the number of events was too small to calculate the odds ratios.
FIGURE 2 | Workflow of chest CT image-based evaluation of body composition. CEA, Carcinoembryonic antigen; NLR, Neutrophil to lymphocyte ratio; PLR,
Platelet-to-Lymphocyte ratio; MLR, Monocyte to Lymphocyte ratio; SMI, Skeletal muscle index; SMFI, subcutaneous muscle fat index; SMA, skeletal muscle area;
SMFA, subcutaneous muscle fat area.
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A logistic regression analysis was applied to identify
independent predictors for PD, and the individualized
prediction model was developed by multivariate logistic
analysis. The calibration curves were used to assess the
performance of the nomogram. The diagnose performance of
established models was quantified by the ROC curve and the
AUC. Decision curve analysis was conducted to validate the
clinical usefulness of the nomogram by quantifying the net
benefits at different threshold probabilities.
RESULT

Clinicopathological Characteristics
of the Patients
A total of 408 patients with advanced NSCLC were included in
this study, and 60 of them developed PD during chemotherapy.
All patients were randomly assigned to either the training cohort
(n=286) or the validation cohort (n=122) at a 2: 1
ratio (Figure 1).

Patients’ characteristics and the comparison between the PD
group and the no-PD group were presented in Table 1.
Significant differences between the PD group and the no-PD
group were found for age (especially male patients), body height,
lymphocyte to monocyte ratio (LMR), and incidence of thoracic
sarcopenia with P<0.05 (Table 1). Except for a marginal
difference regarding the SMI value of female patients, all
variables in the training cohort and the validation cohort
showed no statistical difference (P>0.5) indicating a reasonable
separation of these two groups.

When compared to the no-PD group, the PD group showed
significantly higher incidence of sarcopenia (P<0.001) and
s ignificant ly lower SMI value for female pat ients
(P<0.001) (Table 1).

Risk Factors for PD
A sarcopenic score was generated based on the three parameters,
i.e., SMI, age and gender. In univariate analysis, sarcopenic score,
sarcopenia, PLR, NLR, and body height were associated with
higher risk of PD (all P<0.05). Subsequent multivariate logistic
regression analysis identified the higher sarcopenic score, body
height, and PLR being the independent predictors for higher risk
of PD (Figure 3).

Model Performance
The final model constructed with sarcopenic score, PLR, and
body height achieved a moderate efficiency with an AUC of 0.75
(95% CI:0.69-0.80) for the training cohort, and 0.76 (95%CI:
0.68-0.84) for the validation cohort, respectively. The model also
had a good performance of consistence (bootstrap, Training:
0.75 ± 0.02; Validation: 0.74 ± 0.06) (Figures 4A–C).

The calibration curve of the nomogram for the risk of PD
showed good agreement between prediction and observation
in both cohorts (Figures 4D, E). Using the Hosmer-Lemeshow
H test, a non-significant statistical data for both the training
cohort (P =0.848) and the validation cohort (P =0.527)
Frontiers in Oncology | www.frontiersin.org 5
was obtained, suggesting no departure from perfect fit
during modeling.

The decision curve analysis for the nomogram was presented
in Figure 5. If the threshold probability of a patient or doctor was
greater than 15%, then using the nomogram to predict PD may
add more benefit than either the diagnose-all-patients scheme or
the diagnose-none scheme.
DISCUSSION

In this study, we assessed sarcopenia on pretreatment chest CT
images of patients with advanced NSCLC and developed a
sarcopenic nomogram to predict the patients with higher risk
of PD while undergoing chemotherapy. Our predictive model
combining CT sarcopenic parameters and clinical features
efficiently predicted the risk of PD. Our study highlighted the
importance of pre-chemotherapy body composition assessment
for predicting treatment response and chemotherapy sensitivity
in patients with advanced NSCLC.

Currently, chest CT is not done for body composition
measurement, but rather a routine tool to evaluate lung
lesions. In general, chest CT scans do not extend down to the
L3 level, which is the commonly used level for estimating
skeleton muscle mass (21). We therefore measured chest body
composition at the T11 level (22). Our study showed a new chest
approach for body composition measurement for patients who
only had chest CT available during the initial imaging evaluation.
Our approach may help to avoid the additional radiation and
cost for acquiring abdominal CT to cover the more commonly
used L3 level for body composition assessment (21).

Prior studies have reported the clinical implication of
sarcopenia in various diseases including lung cancer (23).
There is significant association between sarcopenia and dismal
outcome (24), longer hospital stays, more complications and
worse prognosis (16). However, the underlying pathological basis
for the association between sarcopenia and outcome of
platinum-based chemotherapy in NSCLC patients remains
unclear. Since body composition measurements may reflect
metabolism of muscle, we speculate that patients with
sarcopenia may have abnormally high metabolic activity due to
the aggressive tumor which may lead to diminished skeletal
muscle and worse outcome (25). Our speculation about
metabolic derangement as the potential pathological basis was
supported by literature. For instance, patients with cancer and
sarcopenia have shown to have abnormal muscle protein
metabolism, decreased food intake and lack of physical activity,
further exacerbating abnormal metabolism in these patients and
leading to treatment failure (26). In addition, chemotherapy may
induce muscle wasting, resulting in further deterioration of
sarcopenia (26). Furthermore, patients with sarcopenia may
have decreased quality of life (27) and there is a lack of
adherence to treatment, which ultimately affects the treatment
effect (28). Taken together, this process may result in a vicious
cycle in patients with sarcopenia and cancer, leading to further
decrease of treatment response to chemotherapy.
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Sarcopenia has been shown to be associated with frailty (29,
30), and may contribute to an increased risk of PD (31).
Sarcopenia is usually accompanied by increasing fat mass,
worsening chemotherapy toxicity, worsening outcomes and
decreasing overall survival in cancer patients (32). We
therefore speculate that sarcopenia in our patients with
Frontiers in Oncology | www.frontiersin.org 6
advanced NSCLC indicate a worse physical status such as
frailty, which may make them less responsive to chemotherapy,
and more susceptible to chemotherapy toxicity. These may lead
to higher risk of PD.

The robust performance of our prediction model may be due
to inclusion of important clinical and laboratory values in the
TABLE 1 | Demographic, clinicopathological, and CT body composition features of patients with advanced non-small cell lung cancer.

Characteristic Total (n = 408) Patients with PD
(n = 60)

Patients with
no-PD

(n = 348)

P Value Training Cohort (n = 286) Validation Cohort
(n = 122)

P Value

Demographics, clinical and pathological characteristics
Gender 0.836 0.566
Male 317 46 (76.7) 271(77.9) ••••••• 220 (76.9) 97 (79.5) •••••••

Female 91 14 (23.3) 77(22.1) ••••••• 66 (23.1) 25 (20.5) •••••••

Age (y)#

Male 57.9 (48.4-67.4) 55.2 (43.1-63.0) 58 (49.8-66.2) 0.034* 57.8 (47.7-67.9) 58.0 (49.9-66.1) 0.724
Female 52.3 (42.2-62.4) 48.1 (38.0-58.3) 53.1 (43.1-63.0) 0.094 52.1 (42.0-62.1) 52.9 (42.5-63.3) 0.885
Both 56.6 (46.7-66.6) 53.5 (44.0-63.1) 57.2 (47.3-67.1) 0.008** 56.5 (46.1-66.9) 57.0 (48.1-65.8) 0.672

Height (cm) 164.2 (157.3-171.1) 166.9 (160.7-173.1) 163.8 (154.9-170.7) 0.001** 163.8 (156.8-170.9) 165.1 (158.6-171.7) 0.076
BMI
Obesity 89 (21.8) 14 (23.3) 75 (21.6) 0.758 57 (19.9) 32 (26.2) 0.158

Pathological type 0.067 0.399
Adenocarcinoma 207 (50.7) 37 (61.7) 170 (48.9) ••••••• 149 (52.1) 58 (47.5) •••••••

Squamous cell carcinoma 201 (49.3) 23 (38.3) 178 (51.1) ••••••• 137 (47.9) 64 (52.5) •••••••

TNM stage
T (primary tumor) 0.276 0.060

T2a 45 (11.0) 7 (11.7) 38 (10.9) ••••••• 30 (10.5) 15 (12.3) •••••••

T2b 32 (7.8) 1 (1.7) 31 (8.9) ••••••• 29 (10.1) 3 (2.5) •••••••

T3 107 (26.2) 18 (30.0) 89 (25.6) ••••••• 71 (24.8) 36 (29.5) •••••••

T4 224 (54.9) 34 (56.7) 190 (54.6) ••••••• 156 (54.5) 68 (55.7) •••••••

N (regional lymph nodes) 0.661 0.778
N1 32 (7.8) 6 (10.0) 27 (7.8) ••••••• 22 (7.7) 11 (9.0) •••••••

N2 97 (23.8) 11 (18.3) 86 (24.7) ••••••• 66 (23.1) 31 (25.4) •••••••

N3 279 (68.4) 43 (71.7) 235 (67.5) ••••••• 198 (69.2) 80 (65.6) •••••••

M (distant metastases) 0.440 0.360
M0 116 (28.4) 19 (31.7) 97 (27.9) ••••••• 76 (26.6) 40 (32.8) •••••••

M1a 102 (25.0) 10 (16.7) 92 (26.4) ••••••• 74 (25.9) 28 (23.0) •••••••

M1b 51 (12.5) 9 (15.0) 42 (12.1) ••••••• 40 (14.0) 11 (9.0) •••••••

M1c 139 (34.1) 22 (36.7) 117 (33.6) ••••••• 96 (33.6) 43 (35.2) •••••••

Clinical stage 0.197 0.127
IIIa 34 (8.3) 6 (10.0) 28 (8.0) ••••••• 23 (8.0) 11 (9.0) •••••••

IIIb 35 (8.6) 2 (3.3) 33 (9.5) ••••••• 27 (9.4) 8 (6.6) •••••••

IIIc 47 (11.5) 11 (18.3) 36 (10.3) ••••••• 26 (9.1) 21 (17.2) •••••••

IVa 152 (37.3) 19 (31.7) 133 (38.2) ••••••• 113 (39.5) 39 (32.0) •••••••

IVb 140 (34.3) 22 (36.7) 118 (33.9) ••••••• 97 (33.9) 43 (35.2) •••••••

Laboratory findings
Blood routine examination
NLR 3.2 (0.0-48.3) 3.6 (0.2-40.0) 3.1(0.0-48.3) 0.071 3.3 (0.0-48.3) 3.0 (0.9-46.0) 0.204
LMR 2.8 (0.5-252.5) 2.4 (0.6-252.5) 2.8 (0.5-252.5) 0.048* 2.6 (0.46-252.5) 2.8(0.6-252.5) 0.128
PLR 160.0 (2.7-847.1) 169.8 (11.2-847.1) 159.6 (2.7-650.0) 0.241 162.0 (2.7-670.0) 154.8 (8.1-847.1) 0.658

CEA
CEA (>5) 258 (63.2) 41(68.3) 217 (62.4) 0.375 174 (60.8) 84 (68.9) 0.124

CT Imaging features
Body composition features
SMI

Male 42.9 (18.4-62.4) 38.8 (29.9-52.7) 43.2 (18.4-62.4) 0.481 42.9 (19.5-62.4) 42.9 (18.4-59.1) 0.920
Female 34.5 (22.7-58.5) 33.6 (25.2-41.9) 34.6 (22.7-58.5) <0.001** 33.7 (22.9-58.5) 35.4 (22.7-43.7) 0.043*

MFI 1.8 (-16.5-19.5) 1.6 (0.1-6.7) 1.9 (-16.5-19.5) 0.341 1.8 (-16.5-19.5) 2.1 (-0.1-7.0) 0.131
Thoracic sarcopenia 202 (49.5) 42 (70.0) 160 (46.0) 0.001** 146 (51.0) 56 (45.9) 0.341
October 2021
 | Volume 11 | Article
Unless otherwise indicated, data are numbers of patients, and data in parentheses are percentages.
# age was presented as media (minimum~ maximum).
* indicates P<0.05. ** indicates P<0.01.
PD, progressive disease; BMI, body mass index; NLR, Neutrophil to lymphocyte ratio; LMR, Lymphocyte to monocyte ratio; PLR, platelet-to-lymphocyte ratio; CEA, Carcinoembryonic
Antigen Test; SMI, skeletal muscle index; MFI, muscle fat index.
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model such as the body height and the ratio of platelet to
lymphocyte (PLR). For example, body height has been shown
to be a risk factor for poor prognosis (33), and an increased risk
of future illness for some disorders such as ischemic stroke (33,
34). Previous studies have demonstrated a positive correlation
between height and the incidence of lung cancer, and such an
association may be due to certain genetic factors and biological
pathways that affect adult height (35). Earlier studies have
found that insulin-like growth factors (IGFs), which influence
height by affecting the growth and development of somatic
tissues, such as skeletal muscle and bone, could enhance cell
proliferation, inhibit apoptosis and affect cell transformation in
the context of carcinogenesis (36). Besides, high level of IGFs
related to tumor directly supports chemotherapy resistance of
cancer cells, and the blockade of IGFs significantly increases
the response of chemotherapy drugs in pancreatic cancer and
Frontiers in Oncology | www.frontiersin.org 7
breast cancer (37, 38). In addition, prior studies have shown a
significant association between pre-treatment PLR and outcomes
in lung cancer, gastric cancer, colorectal cancer, ovarian cancer
and hepatocellular cancer (39). Elevated PLR indicated activation
of transcription factors, which could produce cytokines
promoting tumor growth through inflammatory response and
eventually lead to PD (40). Therefore, these relevant clinical and
laboratory values were important for identifying the risk factors
for PD.

Our study had several limitations. First, the retrospective
nature of this study with data from a single center made case
selection bias inevitable. Second, several confounding variables
such as physical condition before treatment, nutritional status,
smoking history, and exercise habits for the patients in our study
may affect the treatment outcome, which were not included in
our predictive modeling. Third, although our study included a
FIGURE 3 | Forest plot demonstrating the independent predictors for progressive disease (PD) for patients with advanced non-small-cell lung cancer (NSCLC). PLR,
Platelet-to-Lymphocyte ratio.
A B C

D E

FIGURE 4 | (A) Sarcopenic nomogram constructed in the training cohort with the sarcopenic score, platelet-to-lymphocyte ratio (PLR), and body height. (B) The
receiver operating characteristic (ROC) curve for the training cohort. (C) The ROC curve for the validation cohort. (D) Calibration curve of the sarcopenic nomogram
in the training cohort. (E) Calibration curve of the sarcopenic nomogram in the validation cohort presenting the calibration of the predictive model for the risk of
transition to progressive disease (PD).
October 2021 | Volume 11 | Article 643941
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relatively large number of patients with advanced NSCLC,
the study cohort was still modest in size considering the high
incidence of lung cancer. In addition, the clinical generalizability
of the model may be in question since it was not validated with
external data from other centers. The limited sample size and
single-center data may affect the generalizability of our data.
Large-scale prospective multicenter study is needed to validate
our results. Lastly, we recognize the limitation of our imbalanced
sample size for each group with only a small number of patients
in our cohort having progressive disease. Mathematical methods
such as the synthetic minority oversampling technique (SMOTE)
(41) should be helpful to improve learning from the imbalanced
sample sizes in our analysis, which we plan to use for our
future studies.
CONCLUSION

Utilizing a chest CT imaging-based sarcopenic evaluation,
we developed a new prognostic method to predict the risk
of PD in patients with advanced NSCLC receiving platinum-
based chemotherapy. Our non-invasive approach may
potentially be useful in identifying patients with higher risk
of PD before chemotherapy, thus assisting clinicians in
selecting optimal treatment strategies for patients with
advanced NSCLC.
Frontiers in Oncology | www.frontiersin.org 8
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by institutional review board of Xiangya Hospital,
Central South University (IRB: 20200401076). The ethics
committee waived the requirement of written informed
consent for participation.
AUTHOR CONTRIBUTIONS

XY: Conceptualization, Methodology, Writing- Original draft
preparation, Investigation, Validation, Reviewing and Editing.
QC: Conceptualization, Methodology, Writing- Original draft
preparation, Investigation, Validation, Reviewing and Editing. JY:
Conceptualization, Methodology, Writing- Original draft
preparation, Investigation, Validation, Reviewing and Editing. DJ:
Data curation, Investigation. LZ: Conceptualization, Methodology,
Writing- Original draft preparation, Supervision, Validation,
Reviewing and Editing. HL: Conceptualization, Methodology,
Writing- Original draft preparation, Supervision, Validation,
Reviewing and Editing. PP: Methodology, Software, Visualization.
FZ: Investigation. CC: Investigation. GG: Data curation,
Investigation. HY: Conceptualization, Investigation, Supervision,
Validation. BL: Validation, Reviewing and Editing. BC:
Methodology, Supervision, Reviewing and Editing. All authors
contributed to the article and approved the final version.
FUNDING

This study was partially supported in part by Natural Science
Foundation of Hunan Province, P.R. China (2018JJ2641, 2019JJ40485).
ACKNOWLEDGMENTS

We thank Dr. Youhong Tang and Dr. Zhongjie Wang (Xiangya
Hospital, Central South University) for helpful discussion and
assistance in data analysis.
REFERENCES
1. Mao Y, Yang D, He J, Krasna MJ. Epidemiology of Lung Cancer. Surg Oncol

Clin N Am (2016) 25(3):439–45. doi: 10.1016/j.soc.2016.02.001
2. Govindan R, Page N, Morgensztern D, Read W, Tierney R, Vlahiotis A, et al.

Changing Epidemiology of Small-Cell Lung Cancer in the United States Over
the Last 30 Years: Analysis of the Surveillance, Epidemiologic, and End
Results Database. J Clin Oncol (2006) 24(28):4539–44. doi: 10.1200/
JCO.2005.04.4859
3. Morgensztern D, Ng SH, Gao F, Govindan R. Trends in Stage Distribution for
Patients With Non-Small Cell Lung Cancer: A National Cancer Database
Survey. J Thorac Oncol (2010) 5(1):29–33. doi: 10.1097/JTO.0b013e3181c5920c

4. Ettinger DS, Wood DE, Aggarwal C, Aisner DL, Akerley W, Bauman JR, et al.
NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 1.2020.
J Natl Compr Canc Netw (2019) 17(12):1464–72. doi: 10.6004/jnccn.2019.0059

5. Hung YP, Sholl LM. Diagnostic and Predictive Immunohistochemistry for
Non-Small Cell Lung Carcinomas. Adv Anat Pathol (2018) 25(6):374–86. doi:
10.1097/PAP.0000000000000206
FIGURE 5 | Decision curve analysis for the sarcopenic nomogram. The
y-axis measures the net benefit. The red line represents the sarcopenic
nomogram. The grey line represents the assumption that no patients had risk
for progressive disease (PD) and the thin black line represented all patients
would develop PD.
October 2021 | Volume 11 | Article 643941

https://doi.org/10.1016/j.soc.2016.02.001
https://doi.org/10.1200/JCO.2005.04.4859
https://doi.org/10.1200/JCO.2005.04.4859
https://doi.org/10.1097/JTO.0b013e3181c5920c
https://doi.org/10.6004/jnccn.2019.0059
https://doi.org/10.1097/PAP.0000000000000206
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yi et al. Sarcopenia Predicting Lung Cancer Progression
6. Kulasinghe A, Kapeleris J, Kimberley R, Mattarollo SR, Thompson EW,
Thiery JP, et al. The Prognostic Significance of Circulating Tumor Cells in
Head and Neck and Non-Small-Cell Lung Cancer. Cancer Med (2018) 7
(12):5910–9. doi: 10.1002/cam4.1832

7. Yu KH, Levine DA, Zhang H, Chan DW, Zhang Z, Snyder M. Predicting
Ovarian Cancer Patients ’ Clinical Response to Platinum-Based
Chemotherapy by Their Tumor Proteomic Signatures. J Proteome Res
(2016) 15(8):2455–65. doi: 10.1021/acs.jproteome.5b01129

8. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European Consensus on Definition and Diagnosis: Report of the
European Working Group on Sarcopenia in Older People. Age Ageing (2010)
39(4):412–23. doi: 10.1093/ageing/afq034

9. Robertson HL, Michel C, Bartl L, Hamilton-Reeves JM, et al. Sarcopenia in
Urologic Oncology: Identification and Strategies to Improve Patient
Outcomes. Urol Oncol (2020). doi: 10.1016/j.urolonc.2020.05.001

10. Sjoblom B, Gronberg BH, Wentzel-Larsen T, Baracos VE, Hjermstad MJ, Aass
N, et al. Skeletal Muscle Radiodensity Is Prognostic for Survival in Patients
With Advanced Non-Small Cell Lung Cancer. Clin Nutr (2016) 35(6):1386–
93. doi: 10.1016/j.clnu.2016.03.010

11. Shachar SS, Williams GR, Muss HB, Nishijima TF. Prognostic Value of
Sarcopenia in Adults With Solid Tumours: A Meta-Analysis and Systematic
Review. Eur J Cancer (2016) 57:58–67. doi: 10.1016/j.ejca.2015.12.030

12. Awad S, Tan BH, Cui H, Bhalla A, Fearon KC, Parsons SL, et al. Marked
Changes in Body Composition Following Neoadjuvant Chemotherapy for
Oesophagogastric Cancer. Clin Nutr (2012) 31(1):74–7. doi: 10.1016/
j.clnu.2011.08.008

13. Grossberg AJ, Chamchod S, Fuller CD, Mohamed AS, Heukelom J,
Eichelberger H, et al. Association of Body Composition With Survival and
Locoregional Control of Radiotherapy-Treated Head and Neck Squamous
Cell Carcinoma. JAMA Oncol (2016) 2(6):782–9. doi: 10.1001/
jamaoncol.2015.6339

14. Yang M, Shen Y, Tan L, Li W. Prognostic Value of Sarcopenia in Lung Cancer:
A Systematic Review and Meta-Analysis. Chest (2019) 156(1):101–11. doi:
10.1016/j.chest.2019.04.115

15. Nattenmuller J, Wochner R, Muley T, Steins M, Hummler S, Teucher B, et al.
Prognostic Impact of CT-Quantified Muscle and Fat Distribution Before and
After First-Line-Chemotherapy in Lung Cancer Patients. PloS One (2017) 12
(1):e0169136. doi: 10.1371/journal.pone.0169136

16. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet (2019) 393(10191):2636–46.
doi: 10.1016/S0140-6736(19)31138-9

17. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New Response Evaluation Criteria in Solid Tumours: Revised RECIST
Guideline (Version 1.1). Eur J Cancer (2009) 45(2):228–47. doi: 10.1016/
j.ejca.2008.10.026

18. van der Kroft G, van Dijk DPJ, Rensen SS, Van Tiel FH, de Greef B, West M,
et al. Low Thoracic Muscle Radiation Attenuation Is Associated With
Postoperative Pneumonia Following Partial Hepatectomy for Colorectal
Metastasis. HPB (Oxford) (2020) 22(7):1011–9. doi: 10.1016/j.hpb.2019.10.1532

19. Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin MT, McCargar LJ,
et al. Cancer Cachexia in the Age of Obesity: Skeletal Muscle Depletion Is a
Powerful Prognostic Factor, Independent of Body Mass Index. J Clin Oncol
(2013) 31(12):1539–47. doi: 10.1200/JCO.2012.45.2722

20. Tunes-da-Silva G, Klein JP. Cutpoint Selection for Discretizing a Continuous
Covariate for Generalized Estimating Equations. Comput Stat Data Anal
(2011) 55(1):226–35. doi: 10.1016/j.csda.2010.02.016

21. Hamaguchi Y, Kaido T, Okumura S, Kobayashi A, Hammad A, Tamai Y, et al.
Proposal for New Diagnostic Criteria for Low Skeletal Muscle Mass Based on
Computed Tomography Imaging in Asian Adults. Nutrition (2016) 32(11-
12):1200–5. doi: 10.1016/j.nut.2016.04.003

22. Nemec U, Heidinger B, Sokas C, Chu L, Eisenberg RL. Diagnosing Sarcopenia
on Thoracic Computed Tomography: Quantitative Assessment of Skeletal
Muscle Mass in Patients Undergoing Transcatheter Aortic Valve
Replacement.Acad Radiol (2017) 24(9):1154–61. doi: 10.1016/j.acra.2017.02.008

23. Chindapasirt J. Sarcopenia in Cancer Patients. Asian Pac J Cancer Prev (2015)
16(18):8075–7. doi: 10.7314/apjcp.2015.16.18.8075

24. Tsekoura M, Kastrinis A, Katsoulaki M, Billis E, Gliatis J. Sarcopenia and Its
Impact on Quality of Life. Adv Exp Med Biol (2017) 987:213–8. doi: 10.1007/
978-3-319-57379-3_19
Frontiers in Oncology | www.frontiersin.org 9
25. Baracos VE, Mazurak VC, Bhullar AS. Cancer Cachexia Is Defined by an
Ongoing Loss of Skeletal Muscle Mass. Ann Palliat Med (2019) 8(1):3–12. doi:
10.21037/apm.2018.12.01

26. Bozzetti F. Chemotherapy-Induced Sarcopenia. Curr Treat Options Oncol
(2020) 21(1):7. doi: 10.1007/s11864-019-0691-9

27. Peixoto da Silva S, Santos JMO, Costa ESMP, Gil da Costa RM, Medeiros R.
Cancer Cachexia and Its Pathophysiology: Links With Sarcopenia, Anorexia
and Asthenia. J Cachexia Sarcopenia Muscle (2020) 11(3):619–35. doi:
10.1002/jcsm.12528

28. Nipp RD, Fuchs G, El-Jawahri A, Mario J, Troschel FM, Greer JA, et al.
Sarcopenia Is Associated With Quality of Life and Depression in Patients
With Advanced Cancer. Oncologist (2018) 23(1):97–104. doi: 10.1634/
theoncologist.2017-0255

29. Souza NC, Gonzalez MC, Martucci RB, Rodrigues VD, de Pinho NB, Ponce de
Leon A, et al. Frailty Is Associated With Myosteatosis in Obese Patients With
Colorectal Cancer.Clin Nutr (2020) 39(2):484–91. doi: 10.1016/j.clnu.2019.02.026

30. West MA, van Dijk DPJ, Gleadowe F, Reeves T, Primrose JN, Abu Hilal M,
et al. Myosteatosis Is Associated With Poor Physical Fitness in Patients
Undergoing Hepatopancreatobiliary Surgery. J Cachexia Sarcopenia Muscle
(2019) 10(4):860–71. doi: 10.1002/jcsm.12433

31. Kizilarslanoglu MC, Kuyumcu ME, Yesil Y, Halil M. Sarcopenia in Critically
Ill Patients. J Anesth (2016) 30(5):884–90. doi: 10.1007/s00540-016-2211-4

32. Pin F, Couch ME, Bonetto A. Preservation of Muscle Mass as a Strategy to
Reduce the Toxic Effects of Cancer Chemotherapy on Body Composition.
Curr Opin Support Palliat Care (2018) 12(4):420–6. doi: 10.1097/
SPC.0000000000000382

33. Ali LK, Saver JL, Liebeskind DS, Pineda S, Ovbiagele B. Influence of Height on
the Clinical Characteristics and Prognosis of Patients With Ischemic Stroke.
Neurologist (2011) 17(1):21–3. doi: 10.1097/NRL.0b013e3181de48f2

34. Fröbert O, Arevström L, Calais F, James SK, Lagerqvist B. Height and
Prognosis Following Percutaneous Coronary Intervention. Int J Cardiol
(2016) 224:188–90. doi: 10.1016/j.ijcard.2016.09.049

35. Khankari NK, Shu XO, Wen W, Kraft P, Lindström S, Peters U, et al.
Association Between Adult Height and Risk of Colorectal, Lung, and
Prostate Cancer: Results From Meta-Analyses of Prospective Studies and
Mendelian Randomization Analyses. PloS Med (2016) 13(9):e1002118. doi:
10.1371/journal.pmed.1002118

36. Kasprzak A, Kwasniewski W, Adamek A, Gozdzicka-Jozefiak A. Insulin-Like
Growth Factor (IGF) Axis in Cancerogenesis.Mutat Res Rev Mutat Res (2017)
772:78–104. doi: 10.1016/j.mrrev.2016.08.007

37. Ireland L, Santos A, Ahmed MS, Rainer C, Nielsen SR, Quaranta V, et al.
Chemoresistance in Pancreatic Cancer Is Driven by Stroma-Derived Insulin-
Like Growth Factors. Cancer Res (2016) 76(23):6851–63. doi: 10.1158/0008-
5472.CAN-16-1201

38. Ireland L, Santos A, Campbell F, Figueiredo C, Hammond D, Ellies LG, et al.
Blockade of Insulin-Like Growth Factors Increases Efficacy of Paclitaxel in
Metastatic Breast Cancer. Oncogene (2018) 37(15):2022–36. doi: 10.1038/
s41388-017-0115-x

39. Sylman JL, Mitrugno A, Atallah M, Tormoen GW, Shatzel JJ, Tassi Yunga S,
et al. The Predictive Value of Inflammation-Related Peripheral Blood
Measurements in Cancer Staging and Prognosis. Front Oncol (2018) 8:78.
doi: 10.3389/fonc.2018.00078

40. Li B, Zhou P, Liu Y, Wei H, Yang X, Chen T, et al. Platelet-To-Lymphocyte
Ratio in Advanced Cancer: Review and Meta-Analysis. Clin Chim Acta (2018)
483:48–56. doi: 10.1016/j.cca.2018.04.023

41. Chawla NV, Bowyer KW, Hall LO, Kegelmeyer WP. SMOTE: Synthetic
Minority Over-Sampling Technique. J Artif Intell Res (2002) 16:321–57. doi:
10.1613/jair.953

Conflict of Interest: Author PP is employed by GE healthcare.

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.

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
October 2021 | Volume 11 | Article 643941

https://doi.org/10.1002/cam4.1832
https://doi.org/10.1021/acs.jproteome.5b01129
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/j.urolonc.2020.05.001
https://doi.org/10.1016/j.clnu.2016.03.010
https://doi.org/10.1016/j.ejca.2015.12.030
https://doi.org/10.1016/j.clnu.2011.08.008
https://doi.org/10.1016/j.clnu.2011.08.008
https://doi.org/10.1001/jamaoncol.2015.6339
https://doi.org/10.1001/jamaoncol.2015.6339
https://doi.org/10.1016/j.chest.2019.04.115
https://doi.org/10.1371/journal.pone.0169136
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.hpb.2019.10.1532
https://doi.org/10.1200/JCO.2012.45.2722
https://doi.org/10.1016/j.csda.2010.02.016
https://doi.org/10.1016/j.nut.2016.04.003
https://doi.org/10.1016/j.acra.2017.02.008
https://doi.org/10.7314/apjcp.2015.16.18.8075
https://doi.org/10.1007/978-3-319-57379-3_19
https://doi.org/10.1007/978-3-319-57379-3_19
https://doi.org/10.21037/apm.2018.12.01
https://doi.org/10.1007/s11864-019-0691-9
https://doi.org/10.1002/jcsm.12528
https://doi.org/10.1634/theoncologist.2017-0255
https://doi.org/10.1634/theoncologist.2017-0255
https://doi.org/10.1016/j.clnu.2019.02.026
https://doi.org/10.1002/jcsm.12433
https://doi.org/10.1007/s00540-016-2211-4
https://doi.org/10.1097/SPC.0000000000000382
https://doi.org/10.1097/SPC.0000000000000382
https://doi.org/10.1097/NRL.0b013e3181de48f2
https://doi.org/10.1016/j.ijcard.2016.09.049
https://doi.org/10.1371/journal.pmed.1002118
https://doi.org/10.1016/j.mrrev.2016.08.007
https://doi.org/10.1158/0008-5472.CAN-16-1201
https://doi.org/10.1158/0008-5472.CAN-16-1201
https://doi.org/10.1038/s41388-017-0115-x
https://doi.org/10.1038/s41388-017-0115-x
https://doi.org/10.3389/fonc.2018.00078
https://doi.org/10.1016/j.cca.2018.04.023
https://doi.org/10.1613/jair.953
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yi et al. Sarcopenia Predicting Lung Cancer Progression
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yi, Chen, Yang, Jiang, Zhu, Liu, Pang, Zeng, Chen, Gong, Yin, Li
and Chen. This is an open-access article distributed under the terms of the Creative
Frontiers in Oncology | www.frontiersin.org 10
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.
October 2021 | Volume 11 | Article 643941

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

	CT-Based Sarcopenic Nomogram for Predicting Progressive Disease in Advanced Non-Small-Cell Lung Cancer
	Introduction
	Materials and Methods
	Study Cohort
	Re-Analysis of Pathology Specimen
	Treatment, Follow-Up and Outcome Parameters
	CT Image Acquisition and Body Composition Measurement
	Reproducibility of Body Composition Feature Measurement
	Feature Selection
	Development of an Individualized Prediction Model
	Performance Data and Clinical Application of the Nomogram
	Statistical Analysis

	Result
	Clinicopathological Characteristics of the Patients
	Risk Factors for PD
	Model Performance

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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


