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Objectives: Our study aimed to validate pathologic findings of ground-glass nodules
(GGOs) of different consolidation tumor ratios (CTRs), and to explore whether GGOs could
be stratified according to CTR with an increment of 0.25 based on its prognostic role.

Methods: We retrospectively evaluated patients with clinical stage 1A GGOs who
underwent curative resection between 2011 and 2016. The patients were divided into
4 groups according to CTR step by 0.25. Cumulative survival rates were calculated by
the Kaplan-Meier method. Univariate and multivariate Cox regression analyses were
conducted to obtain the risk factors on relapse-free survival (RFS). The surv_function of
the R package survminer was used to determine the optimal cutoff value. Receiver
operating characteristic (ROC) analysis was generated to validate optimal cutoff points
of factors.

Results: A total of 862 patients (608 women; median age, 59y) were included, with 442
patients in group A (CTR < 0.25), 210 patients in group B (0.25<CTR < 0.5), 173 patients
in group C (0.5<CTR < 0.75), and 37 patients in group D (0.75<CTR<1). The rate of
adenocarcinoma in situ (AIS) or minimally invasive adenocarcinoma (MIA) in group A
(70.6%) was much higher than other three groups (p<0.001). Multivariable Cox regression
revealed that CTR (HR, 1.865; 95%ClI, 1.312-2.650; p = 0.001) and lymph node
metastasis (HR, 10.407; 95%Cl, 1.957-55.343; p = 0.006) were independent
prognostic factors for recurrence free survival. In addition, CTR was the only risk factor
for the presence of micropapillary or solid pattern (OR=133.9, 95%CI:32.2-556.2,
P<0.001) and lymph node metastasis (OR=292498.8, 95%Cl:1.2-7.4x10'°, P=0.047).
Paired comparison showed that rate of presence of micropapillary or solid pattern was
highest in group D, followed by group C and group A/B (p<0.001). Lymph node
metastasis occurred in group D only (p=0.002).

Conclusions: CTR is an independent prognostic factor for clinical stage IA lung
adenocarcinoma manifesting as GGO in CT scan. Radiologic cutoffs of CTR 0.50 and
0.75 were able to subdivide patients with different prognosis.
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Role of CTR in GGOs

INTRODUCTION

Ground glass opacity (GGO) is a radiological finding in
computed tomography (CT) with a hazy opacity that does not
obscure the underlying bronchial structures or pulmonary
vessels (1-3). Lung adenocarcinoma with GGO component is
correlated with excellent prognosis (4). Both consolidation size
and consolidation tumor ratio (CTR) were reported to be
prognostic factors for GGOs (5-7).

Previous studies revealed that GGO dominant (CTR < 0.5)
part-solid nodules were less invasive than solid dominant
(CTR>0.5) part-solid nodules (8-14). In the 2015 World
Health Organization classification of lung tumors (15),
micropapillary and solid components in adenocarcinoma
represent poor differentiation and worse biology behavior. It
has been reported that these two poor differentiated components
correlate with poor prognosis (16-19), and it has been verified in
clinical stage I non-small-cell lung cancer as well (20-22).
Pathologic components of lung adenocarcinoma might
transform into prognostic information in the long term to
some extent. Few studies have investigated the pathologic
subtypes of GGOs of different CTRs, with an increment of
0.25. Our study is to investigate prognostic factors of GGOs,
and then to explore whether GGOs should be studied according
to CTR with an increment of 0.25, considering both survival
and pathology.

PATIENTS AND METHODS

This study was conducted in accordance with the
amended Declaration of Helsinki. Ethics committee on human
research of Zhongshan Hospital approved the protocol (approval
number: B2019-232R), and written informed consent was
obtained from all patients before surgery for the use of surgical
samples and clinical information for medical research.

Patient Selection

We retrospectively reviewed the records of patients with GGOs
who underwent curative resection at our institute between
January 2011 and December 2016. All patients received thin-
section CT scan (collimation <1.5mm) before surgery. For
patients with solid component >6mm in the lung window,
PET/CT was regularly recommended. Most patients
underwent standard lobectomy, while sublobar resection
(segmentectomy and wedge resection) was performed for a
section of patients with tumors < 2cm. A minimum of three N2
stations sampled or complete lymph node dissection was a
routine schedule for all patients. Inclusion criteria were as
follows: (1) GGO with maximum consolidation diameter <
3cm in the lung window, (2) clinically no lymph node
metastasis (shortest diameter of hilar or mediastinal lymph
nodes less than 1.0cm on CT scan or no positive
fluorodeoxyglucose uptake of hilar or mediastinal lymph
nodes on PET/CT), (3) pathologically confirmed primary
lung adenocarcinoma, and (4) RO (complete) resection. Cases

with no pathologic subtype data were excluded. Finally, 862
stage A patients were included.

The patients were divided into 4 groups according to CTR:
group A (CTR < 0.25), group B (0.25<CTR < 0.5), group C
(0.5<CTR < 0.75), and group D (0.75<CTR<1).

CT Measurement

The lung windows were set at a window width of 1500 Hounsfield
units (HU) and a window level -500 HU. GGO is defined as a hazy
opacity in lung without obscuring the underlying bronchial
structures or pulmonary vessels. Pathologically, GGO mainly
turns out to be lepidic but also non-lepidic growth patterns in
lung adenocarcinomas. The consolidation component is defined
as an area of increased opacity that completely obscures the
underlying bronchial structures and pulmonary vessels. The
longest diameters of the solid portion and total tumor size in
the lung window were measured, respectively. The CTR was
defined as the ratio of the maximum size of consolidation to the
maximum tumor size in the lung window (Figure 1). For multiple
GGOs, the dominant lesions were investigated. In circumstances
that multiple solid components existed in one pulmonary nodule,
the largest consolidation was measured. Two independent
radiologists with at least 5-year experience reviewed the CT
scans and determined tumor sizes. 102 of 862 nodules (11.8%
disagreement) were discordant in the solid component size. The
nodules with discrepancy were adjudicated by the third radiologist
(with 15-year experience in chest radiology) and final results were
settled by consensus.

Pathologic Examination

All resection specimens were formalin-fixed and stained with
hematoxylin and eosin. Pleural invasion was established using
elastin stains in case that it was difficult to diagnose pleural
invasion. Pathologic diagnosis was made according to the 2011
International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society
(IASCL/ATS/ERS) classification. Each histological component
(lepidic, acinar, papillary, micropapillary, and solid) was
recorded. The predominant pattern was defined as the pattern
with the largest percentage.

Follow-Up Protocol

The initial postoperative surveillance schedule includes a chest
CT scan and a history and physical examination (H&P)
examination every 3-6 months for first 2 years, followed by an
annual chest CT and an H&P for subsequent years. Brain
contrast-enhanced magnetic resonance imaging (MRI) and
emission computed tomography (ECT) bone scan were
performed every 6 months and 12 months respectively for all
patients in the first 3 years and upon occurrence of the
corresponding symptoms.

Statistical Analysis

Differences in categorical variables were compared using chi-
square test or Fisher’s exact test. Continuous variables were
compared using paired t test. Bonferroni adjustments were
included for multiple comparisons. Estimation of survival
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nodules with multiple solid components.

FIGURE 1 | The maximum size of consolidation is divided by the maximum tumor size in the lung window to give the consolidation tumor ratio (CTR). White line
represents the maximum overall nodule dimension, black line represents the long axis of the solid component. Patients were divided into 4 groups according to CTR.
(A) group A, CTR < 0.25; (B) group B, 0.25<CTR < 0.5; (C) group C, 0.5<CTR < 0.75; (D) group D, 0.75<CTR<1; (E) a sub-solid nodule with cystic component,
the solid components abuts the chest wall and cystic components, makes the accurate measurement challenging. The largest solid dimension was selected for
measurement; (F) two separate solid components existed in the same nodule (maximum diameter, 7.5mm). Only the largest component needs to be measured in

curves of recurrence free survival (RFS) was generated by the
Kaplan-Meier method, and survival curves were compared using
the log-rank test. Logistic regression was used for dichotomous
outcomes. Univariate and multivariate analyses using Cox’s
proportional hazard model were conducted to obtain the risk
factors for relapse-free survival (RFS). Factors with P- value
<0.10 were included in multivariate analysis. The surv_cutpoint
function in R package “survminer” was applied to determine the
optimal cutoft of CTR for RFS. ROC analyses were generated to
validate the cutoff value of CTR for RFS and calculate the optimal
cutoff values of CTR for micropapillary/solid pathologic subtypes
and lymph node metastasis. All statistical tests were 2-sided and
statistical significance was defined as P < 0.05. Statistical analysis
was conducted using Statistical Package for Social Sciences
(SPSS) 20.0 software (SPSS Inc., Chicago, IL, USA),
GraphPrism 5.0 software (GraphPad Software, Inc., La Jolla,
CA, USA) and R version 4.0.3 (http://www.r-project.org/). The R
package included survival, survminer and ggplot2.

RESULTS

Clinicopathological Characteristics

The clinicopathological characteristics of the patients are
demonstrated in Table 1. The majority of the patients were
female, with no significant difference achieved among four
groups (P=0.06). With higher CTR, lobectomy was chosen more
frequently than sublobar resection (P<0.001). Both whole tumor
size and consolidation size were higher in group C and group D.
There was no significant difference in the rate of smoking history
between the four groups (P=0.333). As to pathologic subtype, the
rate of adenocarcinoma in situ (AIS) or minimally invasive
adenocarcinoma (MIA) was 70.6% in group A, which was much
higher than the other three groups (P<0.001).

Cox Regression
Univariate and multivariate analyses results were summarized in
Table 2. Age, gender, surgical mode, surgical approach, whole
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TABLE 1 | Clinicopathological Characteristics of Patients.

Group A Group B

Gender

female 328 (74.2%) 135 (64.3%)

male 114 (25.8%) 75 (35.7%)
Age

Mean (SD) 53.7 (11.5) 58.6 (10.6)

Median 56.0 59.5
Surgical mode

lobectomy 163 (36.9%) 116 (55.2%)

sublobar resection 279(63.1%) 94 (44.8%)

Surgical approach

VATS 440 (99.5%) 208 (99.0%)

thoracotomy 2 (0.5%) 2 (1.0%)
Whole tumor size

Mean (SD) 10.5 (4.6) 15.9 (6.3)

Median 9.0 15.0
Consolidation size

Mean (SD) 0.4 (1.1) 6.3 (2.8

Median 0.0 6.0
CTR

Mean (SD) 0.03 (0.07) 0.39 (0.07)

Median 0.00 0.39
Smoking history

no smoking history 413 (93.4%) 194 (92.4%)

current smoker or 29 (6.6%) 16 (7.6%)

have smoking history
Pathologic subtype

AIS 101 (22.9%) 7 (3.3%)

MIA 221 (47.7%) 36 (17.1%)

Lepidic dominant 28 (6.3%) 27 (12.9%)

Acinar dominant 99 (22.4%) 135 (64.3%)

Papillary dominant 3 (0.7%) 5 (2.4%)
Differentiation

well/moderate 436 (98.6%) 202 (96.2%)

poorly 6 (1.4%) 8 (3.8%)
Pleural invasion

no pleural invasion 638 (99.1%) 189 (90.0%)

pleural invasion 4 (0.9%) 21 (10.0%)
Lymph node metastasis

negative 442 (100%) 210 (100%)

positive 0 (0%) 0 (0%)

Group C Group D Overall P Value
0.060
121 (69.9%) 24 (64.9%) 608(70.5%)
52 (30.1%) 13 (35.1%) 254 (29.5%)
<0.001
60.3 (9.4) 61.3 (9.8) 56.6 (11.1)
61.0 60.0 59.0
<0.001
115 (66.7%) 26 (70.3%) 420 (48.7%)
58 (33.3%) 11 (29.7%) 442 (51.3%)
0.005
167 (96.5%) 35 (94.6%) 850 (98.6%)
6 (3.5%) 2 (5.4%) 12 (1.4%)
<0.001
18.7 (7.5) 18.2 (6.9) 13.7 (6.8)
17.0 17.0 12.0
<0.001
11.5 (4.8) 14.9 (5.5) 4.7 (5.7)
10.0 13.0 3.0
<0.001
0.62 (0.07) 0.83 (0.05) 0.27 (0.28)
0.60 0.82 0.25
0.333
154 (89.0%) 34 (91.9%) 795 (92.2%)
19 (11.0%) 3(8.1%) 67 (7.8%)
<0.001
2 (1.2%) 0 (0%) 110 (12.8%)
19 (11.0%) 2 (5.4%) 268 (31.1%)
22 (12.7%) 2 (5.4%) 79 (9.2%)
125 (72.3%) 29 (78.4%) 388 (45.0%)
5 (2.9%) 4 (10.8%) 17 (2.0%)
<0.001
156 (90.2%) 23 (62.2%) 817 (94.8%)
17 (9.8%) 14 (37.8%) 45 (5.2%)
<0.001
142 (82.1%) 27 (73.0%) 796 (92.3%)
31 (17.9%) 10 (27.0%) 66 (7.7%)
<0.001
173 (100%) 35 (94.6%) 860 (99.8%)
0 (0%) 2 (5.4%) 2 (0.2%)

SD, stand deviation; VATS, video-assisted thoracic surgery; CTR, consolidation/tumor ratio; AlS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma.

tumor size, consolidation size, CTR, smoking history,
differentiation, pleural invasion, and lymph node metastasis were
included in the analysis. For RES, surgical approach, whole tumor
size, consolidation size, CTR, differentiation, pleural invasion, and
lymph node metastasis were included in the multivariate analysis.
CTR (HR, 1.865; 95%CI, 1.312-2.650; p = 0.001) and lymph node
metastasis (HR, 10.407; 95%CI, 1.957-55.343; p = 0.006) were
identified as independent prognostic factors.

Survival Analysis

The follow-up duration ranged from 2 to 108 months (mean: 47
months). The RES survival curves of 4 groups were demonstrated
in Figure 2. There was no relapse in group A and group B. The
log-rank test between group A/B and group C/D revealed a
significant difference in RFS (p<0.001). The difference turned out
to be insignificant between group C and group D (P=0.096).
Surv_function was used to determine the optimal cutoff value of
CTR for RFS, which is 0.53 (Figure 3A). ROC analysis also
indicated that the optimal cutoff point of CTR for RES was 0.53,

with the area under the ROC curve (AUC) of 0.902 (Figure 3B).
There was significant difference in 5-year RES rate between
groups CTR < 0.53 and 0.53<CTR<1 (P<0.0001) (Figure 3C).

Logistic Regression Analysis

To investigate risk factors for the presence of micropapillary or
solid pattern and lymph node metastasis, logistic regression
analyses were performed. Preoperative parameters were
included, such as age, gender, whole tumor size, consolidation
size, CTR, and smoking history. CTR was the only risk factor for
the presence of micropapillary or solid pattern (OR=133.9, 95%
CI:32.2-556.2, P<0.001) and lymph node metastasis
(OR=292498.8, 95%CI:1.2-7.4x10"°, P=0.047).

Differences in Presence of Micropapillary/
Solid Component and Lymph Node
Metastasis

The presence of micropapillary/solid component of the 4 groups
was showed in Table 3. The difference between group A/B and
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TABLE 2 | Univariate and Multivariate Survival Analysis for Relapse-free Survival.

Variables

Age
Gender
female
male
Surgical mode
lobectomy
sublobar resection
Surgical approach
VATS
thoracotomy
Whole tumor size
Consolidation size
CTR
Smoking history
no smoking history
current smoker or
have smoking history
Differentiation
AIS/MIA/IAD without micropapillary or solid component
IAD with micropapillary and/or solid component
Pleural invasion
no pleural invasion
pleural invasion
Lymph node metastasis
negative
positive

Univariate Multivariate
HR 95%ClI P Value HR 95%CI P Value
1.051 0.987-1.119 0.118
1
0.881 0.234-3.322 0.851
1
0.595 0.173-2.042 0.409
1
5.839 0.733-46.530 0.096
1.064 0.997-1.136 0.061
1.147 1.073-1.227 <0.001
2.011 1.420-2.848 <0.001 1.865 1.312-2.650 0.001
1
0.044 0.000-915.826 0.539
1
8.326 2.172-31.916 0.002
1
9.287 2.823-30.551 <0.001
1 1
75.776 15.608-367.889 <0.001 10.407 1.957-55.343 0.006

HR, hazard ratio; ClI, confidence interval; VATS, video-assisted thoracic surgery; CTR, consolidation/tumor ratio; Well/moderate differentiation.
AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma;, IAD, invasive adenocarcinoma.

100% 1
p— N
_ 90% 1
©
2
2
2
° 80% 1
] — CTR<0.25
® ~ 0.25<CTR=0.50
e ~ 0.50<CTR=0.75
3 70% ~ 0.75<CTR<1
5
o
&
60% 1 p=0.00036
50% 1
0 12 24 36 48 60
Months
Patients at risk
CTR=0251 442 442 437 292 151 89
0.25<CTR=0501 210 206 199 161 95 29
0.50<CTR=<0.751 173 168 162 140 89 41
0.75<CTR=14 37 36 35 28 16 7
0 12 24 36 48 60
Months

FIGURE 2 | Recurrence free survival curves of four groups divided by consolidation tumor ratio in clinical stage A lung adenocarcinomas.
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group C/D was significant (P<0.001). Paired comparison showed
that the presence rate of micropapillary/solid component in
group D was significantly higher than other 3 groups
(P<0.001), the presence rate of micropapillary/solid component
in group C was significantly higher than group B (P=0.030) and
group A (P<0.001), while there was no significant difference
between group A and group B (P=0.084). ROC curve revealed
the optimal cutoff value of CTR for poor differentiation was 0.47
(Figure 4A).

Lymph node metastasis occurred in group D only (Table 4),
and the difference was significant (P=0.002). Paired comparison
showed that lymph node metastasis rate in group D was
significantly higher than the other 3 groups, while there was
no significant difference between group A, group B, and group C.
ROC curve revealed the optimal cutoft value of CTR for lymph
node metastasis was 0.76 (Figure 4B).

Comment
The incidence of GGOs has been rising in recent years with the
widespread use of CT scan, especially thin-section CT scan. A
majority of resected GGOs were confirmed to be early-stage lung
adenocarcinoma or atypical adenomatous hyperplasia. In both
retrospective and prospective studies, patients with GGO lesions
have a better survival rate than patients with pure solid lung
cancer after surgical resection (2, 3, 23-26). For pure GGO lesion
patients, the lung cancer specific survival rate was reported to be
100% (24, 25, 27).

Even though the prognosis for GGO is good, there remains
recurrence and lung cancer specific death. It is important to
know the prognostic factors for GGOs, which may help

TABLE 3 | Presence of micropapillary/solid component in 4 groups.

Group
A B C D
Micropapillary/ not 436(98.6%) 202(96.2%) 156(90.2%) 23(62.2%)
Solid component  present
present  6(1.4%) 8(3.8%) 17(9.8%) 14(37.8%)

T
04

False positive rate

T T T
06

191 185

on 667

[ 2
Months

FIGURE 3 | Optimal cutoff value of consolidation tumor ratio for recurrence free survival (RFS). (A) Surv_function provided a cutoff value of consolidation tumor ratio
(CTR) 0.583 that corresponded to the most significant relation with RFS; (B) In receiver operating characteristics analysis, the optimum cutoff value of CTR for RFS
was 0.53, area under the ROC curve (AUC) was 0.902; (C) The 5-year RFS was significantly different between groups CTR < 0.53 and 0.53<CTR<1 (P < 0.001).

determine the treatment regimen and resection extension. CTR
has been considered to be associated with outcomes in
pulmonary GGOs. In some retrospective studies, CTR of 0.5 is
suggested as a cutoff value for pathological noninvasiveness in
GGO lesions (8-13). Japan Clinical Oncology Group (JCOG)
0201 (28), a prospective radiological study, suggested that
noninvasive adenocarcinoma could be defined as an
adenocarcinoma <2cm with CTR < 0.25. The survival
outcomes of JCOG 0201 revealed that the criteria of nodules
<3cm with CTR <0.5 also identify a group of patients with
excellent prognosis (29). Thus, the eligibility criteria for JCOG
0802, a prospective clinical trial to compare lobectomy and
sublobar resection, were changed to be tumor <2cm with
CTR>0.5, instead of CTR>0.25 (30). In some retrospective
studies, consolidation tumor size was recognized as a
prognostic factor as well (5, 31). In the eighth TNM staging
system (7), the clinical T stage of part-solid GGO is suggested to
be determined by the solid component. Whereas, Hattori and his
colleagues (14) found that neither consolidation tumor size nor
CTR was associated with overall survival in part-solid lung
cancer. In our study, CTR was found to be an independent
prognostic factor for RFS in the multivariate COX
regression analysis.

As CTR is an independent prognostic factor for GGO, it is
then reasonable to study how to divide GGOs with CTR. CTR
cutoff value of 0.5 is commonly used to divide GGOs into GGO-
predominant nodules and solid-predominant nodules. In our
study, the RFS survival rate of GGO-predominant nodules
(group A and B, no relapse) was significantly higher than that
of solid-predominant nodules (group C and D). The survival of
group D was worse than group C, but the difference was not
significant (P=0.096). Hattori and his colleagues (26)
retrospectively analyzed 497 clinical stage IA radiologic
invasive adenocarcinomas, in which 177 nodules were solid-
predominant part-solid GGOs. When the solid-predominant
part-solid GGOs were divided into two groups with 0.75 of
CTR as cutoff, the 5-year overall survival was equivalent in the
two groups (95.3% versus 96.8%, p = 0.703). These results may
indicate that 0.5 is a good cutoff for CTR, and neither GGO-
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FIGURE 4 | ROC curve analysis based on CTR for poor differentiation and lymph node metastasis. (A) The AUC indicated the diagnostic power of CTR for poor
differentiation, AUC was 0.822 (95% confidence interval (Cl): 0.760-0.883), with a sensitivity of 82.2% and specificity of 69.9% by the Youden’s index. (B) The AUC
indicated the diagnostic power of CTR for lymph node metastasis, AUC was 0.972 (95% confidence interval (Cl): 0.953-0.992), with a sensitivity of 100.0% and

TABLE 4 | Lymph node metastasis in 4 groups.

Group
A B c D
Lymph node No 442 210 178 35 (94.6%)
rri/et;stasis (100.0%)  (100.0%)  (100.0%)
Yes  0(0.0%) 0(0.0%) 0(0.0%) 2(5.4%)

predominant GGOs nor solid-predominant GGOs should be
divided further. However, as tumors with GGO component have
excellent prognosis, studies for GGO lesions demand longer
follow-up duration and larger sample size compared with
studies for solid tumors, if overall survival or relapse-free
survival is chosen to be the exclusive endpoints. Besides, as
average life expectancy has been increased in China for years,
patients cannot accept a similar 5-year survival rate but a worse
10-year survival rate.

In 1995, Noguchi and his colleagues reviewed 236 surgically
resected small peripheral adenocarcinomas <2 cm and proposed
a pathologic classification of 6 types based on tumor growth
patterns (32). In Noguchi’s classification, type D is poorly
differentiated adenocarcinoma with lower survival rate than
type A, B or C. In 2011, IASLC/ATS/ERS proposed a new
histological classification of pulmonary adenocarcinoma (19).
Micropapillary subtype was introduced to the new classification
since micropapillary component was a poor prognostic factor
(20, 33). Even in early-stage lung cancer, the presence of
micropapillary and solid pattern still correlated with poor
survival in several studies (21, 22, 34, 35). The poorly-
differentiated patterns represent worse biological behavior of

the tumors to some extent. Unlike survival data, pathological
information can be collected in short term without concerning
insufficient follow-up duration.

To determine whether CTR is associated with the presence of
micropapillary or solid pattern and lymph node metastasis, we
performed logistic regression analyses, and confirmed that CTR
was the only risk factor for the presence of micropapillary or
solid pattern (OR=133.9, 95%CI:32.2-556.2, P<0.001) and lymph
node metastasis (OR=292498.8, 95%CI:1.2-7.4x10'°, P=0.047).
Further analysis showed that the rate of presence of
micropapillary or solid pattern was highest in group D,
followed by group C and group A/B; the rate of lymph node
metastasis was significantly higher in group D than other 3
groups. The biological behavior was different between group A/
B, group C and group D. To better study solid-predominant
GGOs, the subdivision seems necessary. Considering the good
prognosis, sublobar resection could be enough for GGOs. Recent
studies have reported similar survival outcomes of part-solid
adenocarcinoma treated with sublobar resection and lobectomy
(2, 26). However, heterogeneity exists among solid dominant
GGOs. As a visual and accessible variable in the clinical work,
CTR might provide prognostic implications for appropriate
candidates of sublobar resection. Prospective clinical trials are
warranted to validate this.

There are several limitations to this study. Firstly, this is a
retrospective study that may inevitably lead to bias. Secondly, the
sample size for group D is small. Thirdly, longer follow-up is
needed to investigate postoperative outcomes of patients with
GGO lesions. As mentioned above, a larger sample size or longer
follow-up may have led to significant survival difference between
group C and group D. Fourthly, volumetric measurement is a
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potential approach in measuring the consolidation as it could
provide the profile of total solid components within a nodule.
However, volumetric measurement is too early to be applied into
clinical practice considering the inconveniency and its
dependency on nodule density and segmentation algorithms,
etc. Currently, the cutoffs of CTR are still being explored and
appropriate grouping could distinguish the prognosis well.
Further studies are needed to elaborate the role of volumetric
measurement in pulmonary GGOs.

In conclusion, consolidation tumor ratio is an independent
prognostic factor for clinical stage IA lung adenocarcinoma
manifesting as GGO in CT scan. Radiologic cutoffs of CTR
0.50 and 0.75 were able to subdivide patients with different
prognosis. Prospective cohort study is warranted to validate
our observations.

DATA AVAILABILITY STATEMENT

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

ETHICS STATEMENT

This study was approved by the ethics committee on human
research of Zhongshan Hospital (approval number: B2019-
232R), and written informed consent was obtained from all

REFERENCES

1. Hansell DM, Bankier AA, MacMahon H, McLoud TC, Miiller NL, Remy J.
Fleischner Society: Glossary of terms for thoracic imaging. Radiology (2008)
246:697-722. doi: 10.1148/radiol.2462070712

2. Ye T, Deng L, Wang S, Xiang J, Zhang Y, Hu H, et al. Lung Adenocarcinomas
Manifesting as Radiological Part-Solid Nodules Define a Special Clinical
Subtype. J Thorac Oncol (2019) 14:617-27. doi: 10.1016/j.jtho.2018.12.030

3. Miyoshi T, Aokage K, Katsumata S, Tane K, Ishii G, Tsuboi M. Ground-Glass
Opacity Is a Strong Prognosticator for Pathologic Stage IA Lung
Adenocarcinoma. Ann Thorac Surg (2019) 108:249-55. doi: 10.1016/
j.athoracsur.2019.01.079

4. Sone S, Nakayama T, Honda T, Tsushima K, Li F, Haniuda M, et al. Long-
term follow-up study of a population-based 1996-1998 mass screening
programme for lung cancer using mobile low-dose spiral computed
tomography. Lung Cancer (2007) 58:329-41. doi: 10.1016/j.lungcan.
2007.06.022

5. Maeyashiki T, Suzuki K, Hattori A, Matsunaga T, Takamochi K, Oh S. The
size of consolidation on thin-section computed tomography is a better
predictor of survival than the maximum tumour dimension in resectable
lung cancer. Eur ] Cardio-Thoracic Surg (2013) 43:915-8. doi: 10.1093/ejcts/
€z8516

6. Huang TW, Lin KH, Huang HK, Chen YI, Ko KH, Chang CK, et al. The role
of the ground-glass opacity ratio in resected lung adenocarcinoma. Eur |
Cardio-Thoracic Surg (2018) 54:229-34. doi: 10.1093/ejcts/ezy040

7. Travis WD, Asamura H, Bankier AA, Beasley MB, Detterbeck F, Flieder DB,
et al. The IASLC Lung Cancer Staging Project : Proposals for Coding T
Categories for Subsolid Nodules and Assessment of Tumor Size in Part-
Solid Tumors in the Forthcoming Eighth Edition of the TNM Classification
of Lung Cancer. ] Thorac Oncol (2016) 11:1204-23. doi: 10.1016/j.jtho.
2016.03.025

patients before surgery for the use of surgical samples and
clinical information for medical research.

AUTHOR CONTRIBUTIONS

JX, JY and JL collected data, conducted the data analysis,
interpreted the results, and wrote the main manuscript. CZ,
ZL, WJ, SX, and QW designed the research, supervised the data
analysis, interpreted the data, and critically revised the article. All
authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by the National Natural Science
Foundation of China (Nos: 81572295). The funding agency
played no part in study design, data analysis, interpretation of
data, or manuscript preparation.

ACKNOWLEDGMENTS

No potential conflicts of interest exist with any companies/
organizations whose products or services may be discussed in
this article. No sponsor was related with the development of the
research and manuscript.

ol

. Asamura H, Suzuki K, Watanabe S. A Clinicopathological Study of Resected
Subcentimeter Lung Cancers: A Favorable Prognosis for Ground Glass
Opacity Lesions. Ann Thorac Surg (2003) 76:1016-22. doi: 10.1016/S0003-
4975(03)00835-X
9. Ikeda N, Maeda J, Yashima K, Tsuboi M, Kato H, Akada S, et al. A

clinicopathological study of resected adenocarcinoma 2 cm or less in
diameter. Ann Thorac Surg (2004) 78:1011-6. doi: 10.1016/
j.athoracsur.2004.03.048

10. Suzuki K, Kusumoto M, Watanabe SI, Tsuchiya R, Asamura H. Radiologic

classification of small adenocarcinoma of the lung: Radiologic-pathologic
correlation and its prognostic impact. Ann Thorac Surg (2006) 81:413-9.
doi: 10.1016/j.athoracsur.2005.07.058

11. Aoki T, Tomoda Y, Watanabe H, Nakata H, Kasai T, Hashimoto H, et al.

Peripheral lung adenocarcinoma: Correlation of thin-section CT findings with
histologic prognostic factors and survival. Radiology (2001) 220:803-9.
doi: 10.1148/radiol.2203001701

12. Matsuguma H, Yokoi K, Anraku M, Kondo T, Kamiyama Y, Mori K, et al.

Proportion of ground-glass opacity on high-resolution computed tomography
in clinical T1 NO MO0 adenocarcinoma of the lung: A predictor of lymph node
metastasis. ] Thorac Cardiovasc Surg (2002) 124:278-84. doi: 10.1067/
mtc.2002.122298

13. Nakata M, Sawada S, Yamashita M, Saeki H, Kurita A, Takashima S, et al.

Objective radiologic analysis of ground-glass opacity aimed at curative limited
resection for small peripheral non-small cell lung cancer. ] Thorac Cardiovasc
Surg (2005) 129:1226-31. doi: 10.1016/j.jtcvs.2004.10.032

14. Hattori A, Matsunaga T, Takamochi K, Oh S, Suzuki K. Neither Maximum

Tumor Size nor Solid Component Size Is Prognostic in Part-Solid Lung Cancer:
Impact of Tumor Size Should Be Applied Exclusively to Solid Lung Cancer. Ann
Thorac Surg (2016) 102:407-15. doi: 10.1016/j.athoracsur.2016.02.074

15. Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin JHM, Beasley MB,

et al. The 2015 World Health Organization Classification of Lung Tumors:

Frontiers in Oncology | www.frontiersin.org

April 2021 | Volume 11 | Article 616149


https://doi.org/10.1148/radiol.2462070712
https://doi.org/10.1016/j.jtho.2018.12.030
https://doi.org/10.1016/j.athoracsur.2019.01.079
https://doi.org/10.1016/j.athoracsur.2019.01.079
https://doi.org/10.1016/j.lungcan.2007.06.022
https://doi.org/10.1016/j.lungcan.2007.06.022
https://doi.org/10.1093/ejcts/ezs516
https://doi.org/10.1093/ejcts/ezs516
https://doi.org/10.1093/ejcts/ezy040
https://doi.org/10.1016/j.jtho.2016.03.025
https://doi.org/10.1016/j.jtho.2016.03.025
https://doi.org/10.1016/S0003-4975(03)00835-X
https://doi.org/10.1016/S0003-4975(03)00835-X
https://doi.org/10.1016/j.athoracsur.2004.03.048
https://doi.org/10.1016/j.athoracsur.2004.03.048
https://doi.org/10.1016/j.athoracsur.2005.07.058
https://doi.org/10.1148/radiol.2203001701
https://doi.org/10.1067/mtc.2002.122298
https://doi.org/10.1067/mtc.2002.122298
https://doi.org/10.1016/j.jtcvs.2004.10.032
https://doi.org/10.1016/j.athoracsur.2016.02.074
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Xi et al.

Role of CTR in GGOs

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Impact of Genetic, Clinical and Radiologic Advances since the 2004
Classification. J Thorac Oncol (2015) 10:1243-60. doi: 10.1097/
JT0.0000000000000630

Sumiyoshi S, Yoshizawa A, Sonobe M, Kobayashi M, Fujimoto M, Tsuruyama
T, et al. Pulmonary adenocarcinomas with micropapillary component
significantly correlate with recurrence, but can be well controlled with
EGFR tyrosine kinase inhibitors in the early stages. Lung Cancer (2013)
81:53-9. doi: 10.1016/j.lungcan.2013.04.003

Cakir E, Yilmaz A, Demirag F, Oguztuzun S, Sahin S, Yazici UE, et al.
Prognostic significance of micropapillary pattern in lung adenocarcinoma and
expression of apoptosis-related markers: Caspase-3, bcl-2, and p53. Apmis
(2011) 119:574-80. doi: 10.1111/j.1600-0463.2011.02778.x

Yoshizawa A, Sumiyoshi S, Sonobe M, Kobayashi M, Fujimoto M, Kawakami
F, et al. Validation of the TASLC/ATS/ERS lung adenocarcinoma classification
for prognosis and association with EGFR and KRAS gene mutations: Analysis
of 440 Japanese patients. /] Thorac Oncol (2013) 8:52-61. doi: 10.1097/
JTO.0b013e3182769aa8

Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, Yatabe Y,
et al. International association for the study of lung cancer/American Thoracic
Society/European Respiratory Society international multidisciplinary
classification of lung adenocarcinoma. J Thorac Oncol (2011) 6:244-85.
doi: 10.1097/JTO.0b013e318206a221

Satoh Y, Hoshi R, Horai T, Okumura S, Nakagawa K, Ishikawa Y, et al.
Association of cytologic micropapillary clusters in cytology samples with
lymphatic spread in clinical stage I lung adenocarcinomas. Lung Cancer
(2009) 64:277-81. doi: 10.1016/j.lungcan.2008.09.017

Xu S, XiJ, Jiang W, Lu S, Wang Q. Solid component and tumor size correlate
with prognosis of stage IB lung adenocarcinoma. Ann Thorac Surg (2015)
99:961-7. doi: 10.1016/j.athoracsur.2014.10.079

Qian F, Yang W, Wang R, Xu J, Wang S, Zhang Y, et al. Prognostic
significance and adjuvant chemotherapy survival benefits of a solid or
micropapillary pattern in patients with resected stage IB lung
adenocarcinoma. J Thorac Cardiovasc Surg (2018) 155:1227-35.e2.
doi: 10.1016/j.jtcvs.2017.09.143

Hattori A, Matsunaga T, Takamochi K, Oh S. Prognostic impact of a ground
glass opacity component in the clinical T classification of non - small cell lung
cancer. | Thorac Cardiovasc Surg (2017) 154:2102-10.el. doi: 10.1016/
jjtcvs.2017.08.037

Chang B, Hwang JH, Choi YH, Chung MP, Kim H, Kwon OJ, et al. Natural
history of pure ground-glass opacity lung nodules detected by low-dose CT
scan. Chest (2013) 143:172-8. doi: 10.1378/chest.11-2501

Kakinuma R, Noguchi M, Ashizawa K, Kuriyama K, Maeshima AM, Koizumi
N, et al. Natural history of pulmonary subsolid nodules: A prospective
multicenter study. J Thorac Oncol (2016) 11:1012-28. doi: 10.1016/
jjtho.2016.04.006

Hattori A, Matsunaga T, Takamochi K, Oh S, Suzuki K. Importance of
Ground Glass Opacity Component in Clinical Stage IA Radiologic Invasive
Lung Cancer. Ann Thorac Surg (2017) 104:313-20. doi: 10.1016/
j.athoracsur.2017.01.076

27.

28.

29.

30.

31.

32.

33.

34.

35.

Mao R, She Y, Zhu E, Chen D, Dai C, Wu C, et al. A Proposal for Restaging of
Invasive Lung Adenocarcinoma Manifesting as Pure Ground Glass Opacity.
Ann Thorac Surg (2019) 107:1523-31. doi: 10.1016/j.athoracsur.2018.11.039
Suzuki K, Koike T, Asakawa T, Kusumoto M, Asamura H, Nagai K, et al. A
prospective radiological study of thin-section computed tomography to
predict pathological noninvasiveness in peripheral clinical ia lung cancer
(Japan Clinical Oncology Group 0201). J Thorac Oncol (2011) 6:751-6.
doi: 10.1097/JT0O.0b013e31821038ab

Asamura H, Hishida T, Suzuki K, Koike T. Radiographically determined
noninvasive adenocarcinoma of the lung : Survival outcomes of Japan Clinical
Oncology Group 0201. J Thorac Cardiovasc Surg (2013) 146:24-30.
doi: 10.1016/j.jtcvs.2012.12.047

Nakagawa K, Watanabe SI, Kunitoh H, Asamura H. The Lung Cancer Surgical
Study Group of the Japan Clinical Oncology Group: Past activities, current
status and future direction. Jpn J Clin Oncol (2017) 47:194-9. doi: 10.1093/
jjco/hyw169

Tsutani Y, Miyata Y, Nakayama H, Okumura S, Adachi S, Yoshimura M, et al.
Prognostic significance of using solid versus whole tumor size on high-
resolution computed tomography for predicting pathologic malignant grade
of tumors in clinical stage IA lung adenocarcinoma: A multicenter study.
] Thorac Cardiovasc Surg (2012) 143:607-12. doi: 10.1016/j.jtcvs.2011.10.037
Nouguchi M, Morikawa A, Kawasaki M, Matsno Y, Yamada T, Hirohashi S,
et al. Small Adenocarcinoma of the Lung. Histologic Characteristics and
Prognosis. Cancer (1995) 75:2844-52. doi: 10.1002/1097-0142(19950615)
75:12<2844::AID-CNCR2820751209>3.0.CO;2-#

Sanchez-mora N, Cebollero M, Monroy V, Moreno N, Lara-martinez JM,
Herranz M, et al. Micropapillary lung adenocarcinoma :
histologic subtype with prognostic significance . Case series. Hum Pathol
(2008) 39:324-30. doi: 10.1016/j.humpath.2007.05.029

Nakagawa K, Shirakusa T, Ph D, Tsuchiya E, Ph D, Ishikawa Y, et al. Early-
Stage Lung Adenocarcinomas With a Micropapillary Pattern, a Distinct
Pathologic Marker for a Significantly Poor Prognosis. Am ] Surg Pathol
(2003) 27:101-9. doi: 10.1097/00000478-200301000-00011

Yoshida Y, Aya N, Ushiku S, Sato J. Micropapillary histological subtype in
lung adenocarcinoma of 2 c¢m or less : impact on recurrence and clinical
predictors. Gen Thorac Cardiovasc Surg (2017) 0:. doi: 10.1007/s11748-017-
0747-3

a distinctive

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.

Copyright © 2021 Xi, Yin, Liang, Zhan, Jiang, Lin, Xu and Wang. 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.

Frontiers in Oncology | www.frontiersin.org

April 2021 | Volume 11 | Article 616149


https://doi.org/10.1097/JTO.0000000000000630
https://doi.org/10.1097/JTO.0000000000000630
https://doi.org/10.1016/j.lungcan.2013.04.003
https://doi.org/10.1111/j.1600-0463.2011.02778.x
https://doi.org/10.1097/JTO.0b013e3182769aa8
https://doi.org/10.1097/JTO.0b013e3182769aa8
https://doi.org/10.1097/JTO.0b013e318206a221
https://doi.org/10.1016/j.lungcan.2008.09.017
https://doi.org/10.1016/j.athoracsur.2014.10.079
https://doi.org/10.1016/j.jtcvs.2017.09.143
https://doi.org/10.1016/j.jtcvs.2017.08.037
https://doi.org/10.1016/j.jtcvs.2017.08.037
https://doi.org/10.1378/chest.11-2501
https://doi.org/10.1016/j.jtho.2016.04.006
https://doi.org/10.1016/j.jtho.2016.04.006
https://doi.org/10.1016/j.athoracsur.2017.01.076
https://doi.org/10.1016/j.athoracsur.2017.01.076
https://doi.org/10.1016/j.athoracsur.2018.11.039
https://doi.org/10.1097/JTO.0b013e31821038ab
https://doi.org/10.1016/j.jtcvs.2012.12.047
https://doi.org/10.1093/jjco/hyw169
https://doi.org/10.1093/jjco/hyw169
https://doi.org/10.1016/j.jtcvs.2011.10.037
https://doi.org/10.1002/1097-0142(19950615)75:123.0.CO;2-#
https://doi.org/10.1002/1097-0142(19950615)75:123.0.CO;2-#
https://doi.org/10.1016/j.humpath.2007.05.029
https://doi.org/10.1097/00000478-200301000-00011
https://doi.org/10.1007/s11748-017-0747-3
https://doi.org/10.1007/s11748-017-0747-3
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

	Prognostic Impact of Radiological Consolidation Tumor Ratio in Clinical Stage IA Pulmonary Ground Glass Opacities
	Introduction
	Patients and Methods
	Patient Selection
	CT Measurement
	Pathologic Examination
	Follow-Up Protocol
	Statistical Analysis

	Results
	Clinicopathological Characteristics
	Cox Regression
	Survival Analysis
	Logistic Regression Analysis
	Differences in Presence of Micropapillary/Solid Component and Lymph Node Metastasis
	Comment

	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


