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Objective: The aim of the study was to compare the prognoses between part-solid and pure-

solid tumors for clinical stage IA non-small-cell lung cancer (NSCLC) patients in the eighth

edition TNM classification.

Methods: We searched the literature in PubMed and Web of Science for all eligible articles

published before November 31, 2018. The pooled data included overall survival (OS),

disease-free survival (DFS) and recurrence-free survival (RFS). The hazard ratio (HR) of

OS (pure-solid/part-solid) was used as the measure of differential effects. Pure-solid or part-

solid tumors in all studies included were matched according to the solid component size or

according to the eighth edition TNM classification.

Results: Seven studies including 2,037 patients with c-stage IA NSCLC were pooled in the

meta-analysis. Patients with pure-solid tumors had significantly poorer OS (HR 1.69, 95%

CI 1.21‒2.35, P=0.002), DFS (HR 1.27, 95% CI 1.07‒1.51, P=0.006) and RFS (HR 1.74,

95% CI 1.08‒2.80, P=0.020). In subgroup analyses, when the meta-analysis was limited to

T1a-1b (≤2 cm) lung cancer, the prognosis for pure-solid tumors was inferior to that for

part-solid tumors regarding both OS and RFS. In adenocarcinoma subgroup, there was no

difference between the two groups in terms of OS and RFS, but we detected a meaningful

difference in DFS.

Conclusion: Part-solid tumors may have a better prognosis than pure-solid tumors in

clinical stage IA patients according to the eighth edition TNM classification, and similar

results were found for the T1a-1b (≤2 cm) subgroup. There were no substantial differences in

OS and RFS between two groups in lung adenocarcinoma. However, we detected

a meaningful difference in DFS, which might also suggest a superior prognosis for part-

solid tumors. We propose that the part-solid and pure-solid tumors in the same T component

category be considered separately.
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Introduction

Traditionally, pure-solid tumors are considered more malignant than part-solid

tumors. Pure-solid tumors, even those radiologically found to be small, have

a high probability of nodal involvement or lymphatic invasion.1,2 However, only

approximately 4% of part-solid tumors have positive nodal involvement.3

Moreover, several studies have indicated that the size of the solid component is
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a more accurate measurement in predicting the prognosis

of patients with stage IA lung non-small-cell lung cancer

(NSCLC).4–10

In contrast, for part-solid tumors, the diameter of the

solid component is not a prognostic factor. Hattori2 has

revealed that the maximum tumor size can be applied only

for solid tumors. A ground-glass opacity (GGO) compo-

nent is a more favorable prognostic indicator,8 and even

a small GGO component indicates a better survival in

patients with lung adenocarcinoma.11 Pathologically,

most of the part-solid cases are minimally invasive.12

Hattori13 has also reported that the survival outcomes

significantly differ between subsolid tumors and pure-

solid tumors in each clinical T categories in the seventh

edition TNM classification.

The eighth edition TNM classification14 recommends

that T categories are described according to the tumor size.

The American Joint Committee on Cancer15 recommends

that only the size of the solid component on CT, or the size

of the invasive component in pathological results, be con-

sidered when defining the T category. Tumors with the

same solid component size can be further divided into

two groups: part-solid tumors and pure-solid tumors.

Therefore, according to the eighth edition, for the same

T stage, whether the prognosis is similar for patients with

part-solid tumors compared with pure-solid tumors, and

whether they should be treated similarly remains unclear.

In recent years, some studies have reported no differ-

ences in the prognosis between the two groups according

to the eighth edition,10,16,17 whereas others have found

a better prognosis in part-solid tumors.4,9,18 Hence, the

objective of our study was to compare the outcomes for

pure-solid tumors versus part-solid tumors with the same

solid component size in c-stage IA patients, and to explore

the justifications for the newly proposed T descriptors in

the latest edition.

Methods
Literature search strategy
The analysis was conducted in accordance with the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses guidelines19 (Figure 1). The primary pro-

cedures were as follows. We searched the PubMed and

Web of Science databases for all eligible articles on part-

solid and pure-solid tumors in patients with c-stage IA

lung adenocarcinoma, published before November 31,

2018. The strategy of keyword search was as follows:

(NSCLC OR non-small cell lung cancer OR adenocarci-

noma) AND ((part-solid AND solid) OR (mixed AND

solid) OR (solid AND subsolid)). No language restrictions

were imposed, but only human studies were included. All

searched articles were then further assessed manually

according to eligibility.

Eligibility criteria
Two authors (Tian Jiang and Ming Li) assessed each identi-

fied study independently and listed all qualified studies if the

studies satisfied the following eligibility criteria: 1) study of

patients with clinical stage IA lung adenocarcinoma; 2)

comparison of part-solid and pure-solid tumors on the basis

of the solid component size or the eighth edition TNM

classification; 3) comparison of overall survival (OS), dis-

ease-free survival (DFS) or recurrence-free survival (RFS)

between part-solid and pure-solid tumors; 4) availability of

full article text. In addition, we included only the most

updated or complete publications when overlapped or insuf-

ficient data were present. Records such as letters, editorials,

case reports, reviews, irrelevant studies or non-English pub-

lications were excluded.

Data extraction and analysis
The following information collected by two authors (Tian

J. and Ming Li.) independently: author name, year of

publication, author institution, study design, study period,

number of enrolled part-solid and pure-solid tumors, age,

median follow-up, hazard ratio, 95% confidence interval

(CI) and prognosis outcomes. The primary outcomes

were OS, DFS and RFS. We preferred survival data

after the propensity score matching, for minimizing the

selection bias and confounding and matching the effects

among the character variables. OS was defined as the

time from the date of surgery to the date of death from

any cause or to the date of the last follow-up. DFS was

considered as the time from the date of surgery to the first

event (relapse, progression or death from any cause) or

last follow-up. RFS was defined as the time from the date

of surgery until the date of recurrence of cancer. Data

were extracted from article texts, tables and figures. Any

discrepancies between the independently extracted data

sets were resolved by discussion until a consensus was

reached. The non-randomized controlled studies were

assessed with the Newcastle-Ottawa scale on the basis

of four main aspects: selection, comparability, exposure

and outcomes.
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Statistical analysis
We used Review Manager software (Version 5.3) to perform

the meta-analysis. Continuous data and dichotomous data

were analyzed by using weighted mean differences with

95% CI and odds ratio (OR) with 95% CI, respectively. The

method reported by Tierney20 was used to extract the survival

data from article figures, and conditional logistic regression

was used to calculate the HRs of survival outcome for pure-

solid tumors compared with part-solid tumors. Heterogeneity

was assessed with P-values and the I2 index. A P-value≤0.05
was considered statistically significant. I2<25% was regarded

as low heterogeneity, 25‒75% as moderate and >75% as

high.21 Random effect or fixed effect was chosen according

to the significance of heterogeneity. The included studies were

excluded one by one to analyze the sensitivity. Publication bias

was evaluated with funnel plots.

Results
Study and patient characteristics
In total, we screened 1,531 abstracts through searching

PubMed and Web Of Science, of which 16 records

were assessed for eligibility after exclusion of dupli-

cates, letters, editorials, case reports or other irrelevant

studies. Seven studies were deemed to meet the inclu-

sion criteria described above for further meta-analysis.

All seven studies were observational reports. Notably,

a study from Hwang16 published in 2016 was excluded,

owing to overlapping data with the other study from

Records identified through
PubMed datsbase

(n = 664)

Records identified through
Web Of Science

(n = 867)

Records after duplicates removed
(n = 1474)

Records screened
(n = 1474)

Full-text articles assessed
for eligibility 

(n = 16)

Studies included in 
detailed analysis

(n = 7)

Full-text articles excluded
based on the eligibility

criteria
(n = 9)

Records excluded such as
letters, editorials, case

reports, reviews or 
irrelevant studies

( n= 1458)
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Figure 1 Flow diagram of the meta-analysis study selection process.
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the same author.9 A review of study characteristics is

presented in Table 1, and the detailed staging of part-

solid and pure-solid tumors is presented in Table 2.

Part-solid or pure-solid tumors in all studies included

for further meta-analysis were matched according to

the size of the solid component on the basis of the

eighth edition.

Survival outcomes between part-solid

and pure-solid tumors
In total, five studies including eight subgroups com-

pared part-solid tumors to solid tumors to assess the

OS. Three studies presented evidence of a better survi-

val outcome associated with part-solid tumors com-

pared with pure-solid tumors, whereas two studies

Table 1 Main characteristics of the included studies

Year Author Institution Study
period

Stage
included

Part-solid
(n)

Pure-solid
(n)

Median
follow-up
(mo)

Outcomes
observed

2018 Yamanashi23 Kurashiki

Central Hospital,

Japan

2011.1–2015.12 cIA 137 137 39.9 RFS/OS

2018 Takenaka17 Kyushu Medical

Center, Japan

2005.1–2010.12 cIA 81 81 60 DFS/OS

2018 Su10 Shanghai

Pulmonary

Hospital, China

2009.6–2013.12 cIA 111 136 52 RFS

2017 Shin18 Seoul National

University

Bundang

Hospital

2004.1–2012.12 cIA1–cIA2 99 92 54.2 DFS/OS

2017 Hattori13 Juntendo

University

School of

Medicine, Japan

2004–2014 cIA 271 410 48 RFS/OS

2015 Hwang9 Seoul National

University

Hospital

2002.1–2011.12 cIA1–cIA2 179 109 DFS 42.2

OS 56.3

DFS/OS

2013 Tsutani4 Hiroshima

University, Japan

2005.8–2009.12 cIA 97 97 20.2 DFS

Abbreviations: cIA, clinical stage IA; cIA1, clinical stage IA1; cIA2, clinical stage IA2; RFS, recurrence-free survival; OS, overall survival; DFS, disease-free survival.

Table 2 A summary of the staging of lung cancer in comparative studies for part-solid tumors versus pure-solid tumors

Year Author Part-solid (n) Pure-solid (n)

T1a T1b T1c cIA T1a T1b T1c cIA

2018 Yamanashi23 10 67 60 137 10 75 52 137

2018 Takenaka17 N/A N/A N/A 81 N/A N/A N/A 81

2018 Su10 99 12 111 81 55 136

2017 Shin18 99 0 99 92 0 92

2017 Hattori13 100 127 44 271 32 167 179 410

2015 Hwang9 179 111 220 109 16 195

2013 Tsutani4 N/A N/A N/A 97 N/A N/A N/A 97

Abbreviations: cIA, clinical stage IA; N/A, not available.
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demonstrated no difference in OS between the two

groups. Comparative data indicated that part-solid

tumors were associated with a better OS than pure-

solid tumors (HR 1.69, 95% CI 1.21‒2.35, P=0.002;

Figure 2A). The pooled data of four studies indicated

that part-solid tumors have a significant advantage in

DFS, as compared with pure-solid tumors (HR 1.27,

95% CI 1.07‒1.51, P=0.006; Figure 2B). Moreover,

three studies including six subgroups provided avail-

able data on RFS. The HR comparing pure-solid and

part-solid tumors was 1.74 (95% CI 1.08‒2.80,

P=0.020; Figure 2C). The pooled data showed that

pure-solid tumors had a significantly shorter RFS than

part-solid tumors. The included studies were excluded

one by one to analyze the sensitivity. Heterogeneity

tests showed a high heterogeneity for OS

(Chi2=40.36, df=6, P<0.001, I2=85%) and RFS

(Chi2=40.95, df=5, P<0.001, I2=88%), but a low het-

erogeneity for DFS (Chi2=4.02, df=3, P=0.260,

I2=25%). The funnel plots for OS, DFS and RFS

were symmetrical (Figure 3).

Survival outcomes between part-solid

and pure-solid tumors in T1a-1b (≤2 cm)

lung cancer
We then performed a subgroup analysis based on tumor size.

When the meta-analysis was limited to three and two studies

presenting data on T1a-1b (≤2 cm) lung cancer, the pure-solid

tumors might be inferior to part-solid tumors regarding both

OS and RFS. The combined HRwas 1.91 (95% CI 1.22‒2.99,

P=0.005; Figure 4A) and 2.33 (95% CI 1.62‒3.35, P<0.001;

A

B

C

Figure 2 Forest plot of the survival for part-solid tumors versus pure-solid tumors, including the OS (A), the DFS (B) and the RFS (C).

Abbreviations: IV, inverse variance; CI, confidence interval; OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival.
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Figure 4B), respectively. However, the pooled data demon-

strated no difference inDFS between the two groups (HR 1.73,

95%CI0.82‒3.68,P<0.001; Figure 4C). The heterogeneity for

outcomes in T1a-1b lung cancer was moderate; the I2 statistic

for heterogeneity for OS was 74% (Chi2=11.56, df=3,

P=0.009), for RFS 55% (Chi2=4.46, df=2, P=0.110) and for

DFS 67% (Chi2=3.04, df=1, P=0.080). The included studies

were excluded one by one to analyze the sensitivity. The funnel

plots for OS, DFS and RFS were symmetrical (Figure 5).

Survival outcomes between part-solid and

pure-solid tumors in lung adenocarcinoma
When we stratified trials based on the pathologic findings and

compared the prognosis for pure-solid and part-solid tumors in

lung adenocarcinoma, we detected no significant trends in OS

(HR 1.22, 95% CI 0.57‒2.59, P=0.610; Figure 6A) and RFS

(HR 1.43, 95% CI 0.91‒2.26, P=0.130; Figure 6B). However,

we detected a significant interaction in DFS, with a significant

risk increase in pure-solid tumors compared with part-solid

B

A

C

Figure 4 Forest plot of the survival for part-solid tumors versus pure-solid tumors in T1a-1b (≤2 cm) lung cancer. Including the OS (A), the RFS (B) and the DFS (C).

Abbreviations: IV, inverse variance; CI, confidence interval; OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival.
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Figure 3 The funnel plots for OS (A), DFS (B) and RFS (C) for part-solid tumors versus pure-solid tumors.

Abbreviations: OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival.
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tumors (HR 1.30, 95% CI 1.07‒1.58, P=0.009; Figure 6C).

The heterogeneity for OS in lung adenocarcinoma was sig-

nificantly high (Chi2=8.60, df=2, P=0.010, I2=77%), that for

DFS was moderate (Chi2=3.86, df=2, P=0.150, I2=48%), and

that for RFSwas low (Chi2=0.49, df=2, P=0.780, I2=0%). The

included studies were excluded one by one to analyze the

sensitivity. The funnel plots for OS, DFS and RFS were

symmetrical (Figure 7).

Discussion
The eighth edition classification suggests that the

T component category is described on the basis of the solid

A B C
0 SE(log[Hazard Ratio])
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0 SE(log[Hazard Ratio])
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0.2
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0.4
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0.05 1 2050.2
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0 SE(log[OR])

0.1

0.1
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0.2

0.3

0.4

0.5
0.5 1 2 5 10

OR

Figure 5 The funnel plots for OS (A), DFS (B) and RFS (C) for part-solid tumors versus pure-solid tumors in T1a-1b (≤2 cm) lung cancer.

Abbreviations: OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival.

A

C

B

Figure 6 Forest plot of the survival for part-solid tumors versus pure-solid tumors in lung adenocarcinoma. Including the OS (A), the RFS (B) and the DFS (C).

Abbreviations: IV, inverse variance; CI, confidence interval; OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival.
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component size.22 According to the context of the new

edition classification, it was difficult for us to differentiate

the radiological part-solid from pure-solid tumors because

both were in the same T category if they had the same solid

component size. Moreover, previous studies have indicated

a significant prognostic difference between part-solid and

pure-solid tumors.11–13 Therefore, it is essential to determine

whether part-solid tumors and pure-solid tumors have simi-

lar prognoses, and whether the two groups in the same

T component category should be considered separately.

A retrospective study from Hattori13 previously

demonstrated the importance of the GGO component in

the T category. Hattori has revealed that the solid compo-

nent size and the presence of the GGO component are

considered as independent prognostic factors for OS. The

results of the study also suggested that even in the same

T category, both pathological results and survival out-

comes differed significantly between part-solid tumors

and pure-solid tumors. A study from Shin18 has indicated

that although the maximum tumor size of part-solid tumors

is larger than that of pure-solid tumors, the prognosis of

part-solid tumors is still better. In a report by Tsutani,4

after matching of the solid component size, the pure-solid

tumors, compared with their part-solid counterparts, were

found to be more malignant and to have a poorer DFS.

However, the results of the two most recent retrospective

studies,17,23 in which the distinction between part-solid

and pure-solid might not be considered as important, are

inconsistent with the findings from the studies mentioned

above.

In our meta-analysis, part-solid tumors were associated

with a better prognosis than pure-solid tumors (OS: HR

1.69, 95% CI 1.21‒2.35, P=0.002; DFS: HR 1.27, 95% CI

1.07‒1.51, P=0.006; RFS: HR 1.74, 95% CI 1.08‒2.80,

P=0.020). Beyond tumor size, some other prognostic pre-

dictors might result in the discrepancy in prognosis

between the two groups. SUVmax, for example, has been

reported as a significant predictor of malignant

behavior,24,25 and pure-solid tumors are associated with

a high SUVmax value and thus have greater malignant

potential. Tsutani4 has conducted a matched analysis to

compare the survival outcomes of pure-solid tumors and

part-solid tumors with the same solid component. The

results showed that the pure-solid tumors were more fre-

quently associated with a high SUVmax value and

a poorer prognosis. However, after matching of both

solid component size and SUVmax value, the prognostic

difference in two groups disappeared. Moreover, the pre-

dominant subtype remained different between pure-solid

and part-solid lung adenocarcinoma, thus potentially also

leading to the discrepancy in prognosis. The lepidic sub-

type was associated with a better prognosis, whereas the

solid and micropapillary subtypes were associated with

a poorer prognosis.26 The solid and micropapillary sub-

types are frequently observed in pure-solid lung tumors.18

In contrast, even with the same solid component size and

a larger maximum tumor size, part-solid adenocarcinomas

have a higher proportion of the lepidic subtype.

Collectively, our meta-analysis results indicating that part-

solid tumors are associated with a favorable prognosis may

challenge the justification for the eighth edition of TNM

classification of lung cancer.

To eliminate the bias of different staging systems

included in the literature, we stratified trials by tumor

size. The subgroup analysis from Hwang’s study9 revealed

that only part-solid tumors with a solid component size

≤2 cm had a better prognosis (DFS and OS) than pure-

solid tumors, whereas part-solid tumors with >2 cm solid

component size did not. Thus, it seems that as the solid

component size increases, the prognosis of part-solid

tumors dramatically worsens and approaches that of pure-

solid tumors. However, Su10 has found that part-solid
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Figure 7 The funnel plots for OS (A), DFS (B) and RFS (C) for part-solid tumors versus pure-solid tumors in lung adenocarcinoma.

Abbreviations: OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival.
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tumors with a solid component size neither ≤2 cm nor

2–3 cm show significant longer RFS than pure-solid

tumors. Owing to a lack of evidence, whether the discre-

pancy in the prognosis between pure-solid and part-solid

tumors differs as the solid component size increases

remains unclear. In stratified analyses, similar results

were obtained for stage T1a-1b (≤2 cm) lung cancer. The

results revealed that part-solid tumors are associated with

a better OS and RFS than pure-solid tumors. Interestingly,

the HRs of OS, RFS and DFS were all higher in the T1a-

1b subgroup. Hattori27 has revealed that even small

(<2 cm) pure-solid tumors have a frequent locoregional

recurrence after segmentectomy. On the basis of previous

studies and our results, sublobar resection might be

applied with great caution for pure-solid tumors, even

small tumors, and might be appropriate for part-solid

tumors as long as the solid component size meets the

criteria.

In stratified analyses based on pathological findings,

we saw no strong differences in OS and RFS between part-

solid and pure-solid tumors in lung adenocarcinoma,

results consistent with findings from the previous

studies,10,18,23 but inconsistent with those from Hwang.9

In Hwang’s study, however, only a small number of recur-

rences or deaths from part-solid tumors was observed,

owing to their rarity. These effects might also have been

found because the lung adenocarcinoma has its own spe-

cific biological characteristics. Fukui28 and Kawase29 have

both reported that patients with stage I adenocarcinoma

have significantly better OS than those with stage

I squamous cell carcinoma. Therefore, it seemed that the

discrepancy in prognosis decreased between part-solid

tumors and pure-solid tumors in terms of adenocarcinoma.

However, this result needed to be interpreted with caution.

Firstly, the articles included for analysis of adenocarci-

noma was limited. Secondly, though there was no signifi-

cant trend in OS and RFS, we detected a significant

interaction in DFS, with a significant risk increase in pure-

solid tumors than in part-solid tumors (HR 1.30, 95% CI

1.07‒1.58, P=0.009), consistent with Shin’s article.18

Indeed, since the tyrosine kinase inhibitor or the immu-

notherapy was effective to some relapsed or metastatic

adenocarcinoma, the OS might not be an optimal para-

meter to compare two groups in adenocarcinoma. Thirdly,

in Yamanashi’s article,23 they performed the comparison

between two groups with propensity score matching, so

the discrepancy of HR for RFS might disappear. Thus, we

hope that there are more studies to further explore the

survival outcomes of pure-solid and part-solid tumors of

adenocarcinoma.

Limitations
The main limitation of this meta-analysis is that only seven

studies were included, all of which were retrospective.

A further limitation was that the studies varied in several

aspects, including differences in pathological results, tumor

size, tumor evaluation methods, GGO ratios of part-solid

tumors and treatment regimens. For example, we noticed the

effect of the surgical procedure on the prognosis for part-

solid tumors and pure-solid tumors. With regard to the

operative modes, sub-lobar lung resection is appropriate

for pure ground-glass nodules or radiologically noninvasive

part-solid tumors, whereas lobectomy with systematic or

selective lymph node sampling is warranted for pure-solid

or radiologically invasive part-solid tumors.30–33 However,

whether various surgical methods might influence the prog-

nosis for part-solid and pure-solid tumors warrants further

investigation. In the current study, we stratified studies by

tumor size and tumor type to attenuate bias. However, more

detailed analysis of other subgroups is not shown owing to

a paucity of data. Further studies with a large sample and

randomized controlled trials are needed in the future for

a more reliable conclusion.

Conclusion
In conclusion, part-solid tumors have a better prognosis than

pure-solid tumors in c-stage IA patients, according to the

eighth edition of TNM classification, and similar results

were found for the T1a-1b (≤2 cm) subgroup. Though were

no substantial differences in OS and RFS between two

groups in lung adenocarcinoma, we detected a meaningful

difference in DFS, which might also suggest a superior prog-

nosis for part-solid tumors. We propose that the part-solid

and pure-solid tumors in the same Tcomponent categories be

considered separately.
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