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Background: Recent studies have indicated that solid predominant (SP) subtype of lung adenocarcinoma
(LADC) may be associated with early recurrence and worse prognosis. Hence, a systematic review and
meta-analysis were performed to evaluate the association between LADC subtype and survival.
Methods: The MEDLINE, SCOPUS, Web of Science and Cochrane Libraries were reviewed for eligible
studies in December 2017. Studies were included if they compared outcomes of patients with and
without SP subtype in resection specimens of LADC patients after surgical treatment by using multi-
variate Cox regression analysis. A meta-analysis for overall survival (OS) and disease-free survival (DFS)
was performed. The hazard ratios (HR) or odds ratios with 95% confidence intervals (CIs) from each study
were used to calculate pooled HRs. Statistical analyses were performed using Review Manager 5.3.
Results: In total, 14 eligible studies including 12,137 LADC patients were identified, which assessed the
impact of SP subtype on OS and DFS in patients treated with pulmonary resection. SP subtype was re-
ported in 1246 (10.2%) patients and was associated with significantly worse OS (pooled HR, 1.51; 1.29
e1.75) and DFS (pooled HR, 1.26; 1.14e1.40).
Conclusions: SP subtype is associated with significantly worse OS and DFS in patients with LADC after
pulmonary resection. These data provide evidence for the integration of the distinct histological LADC
subtyping into prognostic tools and guidelines for adjuvant treatment after complete surgical
resection.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
1. Introduction

Adenocarcinoma is the most common histologic type of lung
cancer accounting for almost half of all lung cancers [1]. The In-
ternational Association for the Study of Lung Cancer, the American
Thoracic Society, and the European Respiratory Society (IASLC/ATS/
ERS) proposed a new histologic classification of lung adenocarci-
noma (ADC) in 2011, recognizing five major histologic subtypes
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(lepidic, acinar, papillary, solid and micropapillary) [2].
To date, a number of cohort studies including patients after

surgical resection for lung adenocarcinoma (LADC) have reported
unfavorable prognosis associated with solid predominant (SP)
histological subtype [3e9]. Furthermore, it has been shown that the
presence of SP subtype represents an additional risk factor for N1/2
lymph node involvement and early recurrence [6,10,11]. However,
this reported negative impact of SP subtype of LADC after pulmo-
nary resection has not been validated in larger studies. Thus, it is
yet unclear if specific histological subtyping of LADC should be
considered as a prognostic factor for overall survival in addition to
the current TNM staging system. To give light upon this issue, we
therefore comprehensively reviewed available data and conducted
a meta-analysis to clarify whether SP subtype represents a
opean Society of Surgical Oncology. All rights reserved.
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Abbreviations and acronyms

LADC lung adenocarcinoma
SP solid predominant
SC solid component
PRISMA Preferred Reporting Items for Systematic Reviews

and Meta-Analyses statement
OS overall survival
DFS disease free survival
HR hazard ratio
CI confidence interval
IASLC/ATS/ERS The International Association for the Study of

Lung Cancer, the American Thoracic Society,
and the European Respiratory Society

TNM tumor-nodal-metastasis
QUIPS Quality in Prognostic Studies
STAS spread through air spaces
PD-L1 programmed death-ligand 1
NSCLC non-small cell lung cancer
JCOG Japan Clinical Oncology Group
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significant prognostic factor for LADC.

2. Material and methods

2.1. Eligibility criteria

This meta-analysis was performed in accordance with the latest
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement) guidelines [12] (Supplemental Table 1).
Studies meeting the following criteria were considered eligible: (1)
cohort studies that were published up to December 2017 and
included a comparison of disease free survival (DFS) and/or overall
survival (OS) between LADC patients with or without SP by means
of multivariate cox regression analysis; (2) participants with
pathologically confirmed LADC after pulmonary resection; (3)
studies with appropriate definition of histological examination and
subtyping; (4) when the same institution was reported in different
studies, the one with the largest volume was included only. Studies
with the following criteria were excluded: (1) editorials, letters,
reviews, abstracts, case reports; (2) articles with insufficient data
for the estimation of hazard ratio (HR) and 95% confidence interval
(CI); (3) patients who received neoadjuvant treatment.

Studies were included only if tumors were reviewed using
comprehensive histological subtyping, recording the percentage of
solid component in 5% increments according to the IASLC/ATS/ERS
classifications [2]. SP is defined as the most dominant subtype of
solid histologic component.

2.2. Search strategy

Two investigators (N. M. and K. N.) independently reviewed the
PubMed (National Library of Medicine, Bethesda, MD), SCOPUS
(Elsevier, Amsterdam, the Netherlands), Web of Science (Clarivate
Analysis, Manchester, UK) and Cochrane Library (John Wiley &
Sons, Inc. London, UK) databases for eligible articles in December
2017. A Boolean search term combination was used as follows:
(component OR predominant OR pattern OR subtype OR minor)
AND (resect OR resection OR operate OR operation OR lobectomy
OR sublobectomy) AND (cancer OR carcinoma OR tumor) AND
(lung OR pulmonary) AND solid. Potentially relevant articles were
further screened by reviewing titles and abstracts. Relevant full
articles were evaluated in order to identify studies meeting the
eligibility criteria.

2.3. Data extraction

Two independent investigators (N. M. and K. N.) extracted data
including: (1) first author, publication year, study country of origin,
period of study, study type, follow-up; (2) sample size, age, gender,
type of surgery, study size, percentage of patients with SP subtype,
stage, methods used to diagnose solid component; (3) survival data
for OS and DFS with HR and 95% CI. HR estimated by multivariate
analysis. If overlapping data were presented in several publications
from the same data source, only the latest published article was
included into the meta-analysis.

2.4. Assessment of study quality

The risk of bias using the Quality in Prognostic Studies (QUIPS)
tool was independently assessed by two authors (N.M. and K$N.)
[13]. Each domain was rated as being at low, moderate or high of
bias, based on whether the study sample adequately represented
the population of interest; whether the participants not being lost
to follow-up adequately represented the study sample; whether
prognostic factors and outcomes of interest were measured simi-
larly for all participants; and whether there were other sources of
bias. Any disagreement was discussed and a consensus was
reached.

2.5. Statistical analysis

We extracted HRs and 95% CIs estimated by multivariate anal-
ysis from each eligible observational study conducted in LADC pa-
tients to calculate the adjusted pooled HRs. The influence of SP
subtype on DFS and OS was analyzed by using the HRs and 95% CIs.
Statistical heterogeneity between studies was assessed using the
Cochrane Q test and by calculating the I2 value [14]. High hetero-
geneity was regarded as an I2 value greater than 50% or p value less
than 0.05 [14]. The pooled HR and the 95% CI were estimated using
the fixed-effect model in the case that heterogeneity was not
detected; if not, the random-effect model was used [15].

Publication bias was evaluated by funnel plot if the included
studies weremore than 10 [16]. A significant p value was defined as
p< 0.05. This comprehensive meta-analysis was performed using
the Review Manager software (RevMan, version 5.3, Copenhagen:
Nordic Cochrane Centre, Cochrane Collaboration, 2014).

3. Results

3.1. Selection of relevant studies

The initial database review retrieved 1299 potentially relevant
publications. The screening process of relevant studies is depicted
in Fig. 1. Full text evaluation was performed in 158 publications
after screening the titles and abstracts as described in the methods
section. Eighteen full text articles were identified after excluding
reviews, conference abstracts, no English articles and articles with
lack of data on comparison. After excluding another four publica-
tions with inappropriate definitions of SP [5,7,17,18], 14 papers with
pooled HRs by multivariate analysis were included in the system-
atic review and the meta-analysis.

3.2. Study characteristics

Table 1 summarizes the main characteristics of the included
studies. All studies were based on retrospective data analyses and



Fig. 1. Flow chart of the identification of relevant studies.
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were published between 2011 and 2017. A total of 12,137 patients
with LADC were analyzed; SP subtype was reported in 10.2%
(n¼ 1246) of the patients. The majority of studies (93%) were
performed in Eastern Asia. Adjusted HRs and 95% CIs for OS and/or
DFS were reported directly in all included studies. Gender, age,
smoking status, stage, tumor size, nodal status and type of opera-
tion were available as potential confounders in all 14 studies and
adjusted for in most of them. The quality of included studies was
assessed by QUIPS (Table 2).
3.3. Meta-analysis of the effect of SP subtype in LADC patients on
OS and DFS

In 12 of the 14 included studies (11,811 patients) OS data was
available and the pooled estimates showed that SP patients had
significantly shorter OS than those without SP subtype (HR 1.44,
95% CI 1.26e1.66) by multivariate analysis, with no significant
heterogeneity (I2¼ 38%, P¼ 0.09) (Fig. 2A) [8,17,19e28]. In the 7 of
the 14 included studies (2404 patients) DFS of LADC patients was
reported. The pooled HR of 1.27 (95% CI 1.14e1.42) indicated that
patients with SP had poor DFS with no significant heterogeneity
(I2¼ 0%, P¼ 0.50) [18,19,23,24,27e29] (Figure 2B). The only publi-
cation, which failed to show a significant impact of SP subtype on
survival was published by Sun et al. in a cohort of exclusively stage I
LADC patients (DFS: HR: 1.21, 95% CI, 0.98 to 1.97, OS: HR: 1.22, 95%
CI, 0.74 to 2.15) [23].

The funnel plot analysis for OS was symmetrical and concen-
trated, suggesting that there is little possibility of publication bias
for the included publications. (Supplemental material: Fig. 1).
4. Discussion

Lung adenocarcinoma is classified into five main histological
subtypes with distinct differences in invasiveness, aggressiveness
and potential influence on survival [2]. Especially solid predomi-
nant LADC has recently been reported to be associated with lymph



Table 1
Characteristics of studies included in the meta-analysis.

First Author (year)a Years included Country Patients SPb TNM Stagee (%) Follow-up, Median L/S/P/Bf

(No.) (%) Staged I II III IV (month) (%)

Fujimoto (2017) [17] 2001e2009 Japan 328 20.7 I-III 77.7 11.5 10.7 0 Mean, 45 (range, 0.3e126.8) NA
Gao (2017) [19] 2011e2014 China 534 18.4 I-III 57.9 10 32.2 0 29 85/3/2/5
Koh (2016) [18] 2005e2009 Korea 230 22.7 I-III NA NA NA 0 52.4 (range, 1e83.7) NA
Lee (2012) [20] 2005e2009 Korea 110 21.8 I-III 39.1 20 40.9 0 NA NA
Sakurai (2014) [21] 2010 Japan 6220 1.7 I-IV 72 10 13 4 NA 80/19/1/0
Shimoji (2016) [22] 2007e2009 Japan 165 15.1 I-IV 65 20 15 1 NA 95/NA/NA/NA
Sun (2014) [23] 2002e2011 China 136 10.2 IB 100 0 0 0 74 (range, 21e145) 87/13/0/0
Sun (2015) [29] 2007e2012 China 96 21.9 I-III 44 21 35 0 range, 16.5e69.0 NA
Warth (2015) [24] 2002e2010 Germany 674 36.7 I-IV 39 22 36 3 Mean, 38.2 82/3/13/2
Watanabe (2015) [25] 1998e2007 Japan 2316 11.9 I-IV 82 18 NA NA
Westaway (2013) [26] 2000e2010 Australia 152 30 I-III 52 28 20 0 33 (range, 0e123) 88/5/7/0
Xu (2017) [27] 2012e2013 China 229 24.2 I-III NA NA NA 0 35.6 NA
Zhang (2014) [8] 2007e2013 China 442 21.2 I-III 56 14 30 0 NA NA
Zhang (2016) [28] 2007e2010 China 505 23.3 I-III 44 16 40 0 Mean, 43.0 (40.2± 17.3) 88/4/3/6

a The design of all studies was retrospective. b Percentage of patients with solid predominant (SP) subtype. c Percentage of patients with solid component (SC). d Seventh
edition of the tumor-node-metastasis (TNM) staging system. e Percentage of patients in each TNM stage. f Type of operation; L¼ Lobectomy, S¼ Sublobectomy/Segmen-
tectomy, P¼ Pneumonectomy, B¼ Bilobectomy. g Number of pathologist independently diagnosing. NA¼ not available.

Table 2
Quality Assessment by QUIPS and Adjusted Confounders for eligible studies.

First
Author
(year)

Study
Participation

Study
Attrition

Prognosis
Factor
Measurement

Outcome
measurement

Study
Counfounding

Statistical
Analysis and
Reporting

Adjusted Confounder

Fujimoto
(2017)
[17]

Low Low Moderate Low Low Low TNM Stagea (II-III vs. I), Pleural invasion (present vs absent), Lymphatic
invasion (present vs absent), Vascular invasion (present vs absent),
Tumor grade (poorly differentiated vs well differentiated/moderately
differentiated)

Gao (2017)
[19]

Low Low Low Low Low Low Age, Sex, Smoking status, Tumor size, T stage, N stage, Adjuvant therapy,
Technique

Koh (2016)
[18]

Low Moderate Moderate Low Low Low Age, Sex, Smoking status, pT stage, pN stage, LVIb, Adjuvant
chemotherapy, Presence of micropapillary subtype

Lee (2012)
[20]

Unclear Unclear Low Low Moderate Low Nodal metastasis, pTNM stage, Mucinous/enteric variant

Sakurai
(2014)
[21]

Moderate Unclear Low Low Low Moderate Age (<50 vs 50e70 vs> 75 years), Sex, Smoking status, Tumor size, pT
stage, pN stage, Histological subtypes, Surgical curability (Complete vs
Incomplete)

Shimoji
(2016)
[22]

Low Unclear Low Low Low Low Age, Sex, Smoking status, pTNM Stage, Histological subtypes, Type of
surgery

Sun (2014)
[23]

Low Low Low Low Low Low Age (<65 vs� 65 years), Sex, Smoking status (Never vs Former or
current), Tumor size (>3 cm vs� 3 cm), Pleural involvement, Lymphatic
and/or vessel invasion, Histological subtype, Adjuvant chemotherapy,
Grade (Well vs Moderate or poor)

Sun (2015)
[29]

Moderate Low Low Low Low Low Age (>55 vs.� 55 years), Sex, pTNM stage (II-III vs. I), Differentiation
(poor vs. well/moderate)

Warth
(2015)
[24]

Moderate Low Low Low Moderate Low Age, Sex, TNM Stage, Predominant subtypes

Watanabe
(2015)
[25]

Moderate Unclear Low Low Low Moderate Sex, Tumor size, T stage, Node metastasis, Pleural invasion, Vascular
invasion, Lymaphatic invasion, Cavity formation, CEAc, tumor location,
Presence of micropapillary predominant subtype

Westaway
(2013)
[26]

Low Moderate Low Low Moderate Low Age, Sex, TNM Stage, Adenocarcinoma subtypes

Xu (2017)
[27]

Low Moderate Low Low Low Low Tumor size, Node metastasis, Pathologic differentiation

Zhang
(2014)
[8]

Low Unclear Low Low Moderate Low pTNM stage, LVI, Histological subtypes

Zhang
(2016)
[28]

Low Low Low Low Low Low Sex, Smoking status, T stage, pN stage, VPId, LVI, Histological subtypes,
Type of operation, Differentiation

a Seventh edition of the tumor-node-metastasis (TNM) staging system.
b Lymphovascular invasion.
c Carcinoembryonic antigen.
d Visceral Pleural invasion.
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Fig. 2. Forest plots show adjusted analysis of effects of solid predominant subtype on OS(A) and DFS(B) in all ADC patients after pulmonary resection.(SE¼ standard error,-
CI¼Confidence interval.)
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node metastasis, vascular and pleural invasion and distant metas-
tases [5,9,17,18,30]. Moreover, SP subtype of LADC is associatedwith
adverse pathological features such as high rates of cellular atypia
(72%), moderate/high mitotic activity (100%), extensive tumor ne-
crosis (40%), moderate/strong desmoplasia (72%) and extensive
spread through air spaces (STAS) (32%) according to a recent study
[31]. Although several cohort studies have consequently reported
worse OS associated with SP subtype, these findings have not been
yet validated in larger international studies. Thus, the potential
impaired prognosis of SP LADC is not yet broadly accepted as an
independent prognostic factor in addition to the TNM staging
system or implemented into international treatment guidelines.
We therefore aimed to summarize all available evidence on the
relationship between SP subtype and clinical outcome in LADC
patients after surgical resection.

In this systematic review and meta-analysis, 14 studies were
analyzed including a total of 12,137 patients treated with surgical
resection. To the best of our knowledge, this is the first meta-
analysis investigating the impact of SP subtype on survival.
Hence, we provide evidence that SP subtype is associated with
significantly worse DFS and OS in LADC patients undergoing sur-
gical resection.

Furthermore, almost all studies in this meta-analysis were sta-
tistically adjusted for the latest TNM staging system. Our data
suggest that the negative prognostic impact of SP subtype on sur-
vival is consistent among all stages and independent from the TNM
descriptors. However, in one of the included studies [23], patients
with stage I SP LADC had a similar prognosis as compared to non-SP
patients. Nevertheless, the data generated from our pooled analysis
suggests that SP subtype is significantly associated with worse
survival in stage I-IV LADC.
Apart from SP histological subtype, additional pathological tu-

mor features have been previously described to be associated with
OS in LADC. Especially, lymphovascular invasion, pleural invasion
and micropapillary subtype are known pathologic factors of an
unfavorable prognosis in LADC [32e39]. Moreover, the combina-
tion of solid and micropapillary subtype in LADC specimens is
associated with even worse outcome compared to solid or micro-
papillary predominant subtype alone [40]. Furthermore, Zhao et al.
reported poor OS in patients with solid minor component (SMC,
defined as more than 5% but not predominant) in comparison with
non-SMC LADC by multivariate analysis (HR: 1.56, 95% CI, 1.26 to
1.94) [7]. However, to date only pleural invasion as a distinct
pathological tumor feature has been included in the TNM staging
classification [41]. The herein presented data suggests that SP is
another pathological discriminator to be included in the next
revision of the TNM classification for LADC. Nevertheless, further
research is due to determine the optimal combination of anatom-
ical, pathological and molecular features to effectively estimate
individual patient prognosis.

Current treatment guidelines recommend adjuvant chemo-
therapy after complete surgical resection for patients with T1/T2
LADC and N1 lymph node involvement (stage IIB, TNM-8) [42].
However, it is yet under debate, if patients with stage T2a/b N0
tumors might benefit from adjuvant systemic treatment, especially
those at higher risk for recurrence with poorly differentiated tu-
mors, vascular or visceral pleural involvement or tumors >4 cm in
largest diameter [43,44]. Adjuvant chemotherapy was recently re-
ported to improve DFS in patients with stage IB SP LADC after
complete surgical resection [4]. Moreover, a recent study showed
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that adjuvant chemotherapy reduces recurrence rates in patients
with stage IB LADC of micropapillary or solid predominant subtype
[45]. The pooled data of this meta-analysis together with the cur-
rent literature provide further evidence that patients with pT1/2
pN0 LADC and SP subtype might be candidates for adjuvant
chemotherapy after complete surgical resection due to the higher
probability of recurrence and worse survival outcome.

The currently preferred treatment of stage I-II LADC is primary
surgical resection and lobectomy is accepted as the appropriate
type of surgery [42,46]. Several prospective randomized phase III
trials are to date investigating whether patients with small (2 cm or
less) peripheral NSCLC can safely undergo sublobar resection while
maintaining rates of survival and recurrence that are comparable to
lobectomy [47]. The final results of these studies are still to be
awaited and might define the future role of sublobar resection in
stage I LADC, especially in patients with adverse pathological fea-
tures such as SP subtype. To date, however, sublobar resection
cannot be recommended for early stage SP LADC due to the more
aggressive features of this tumor entity.

Oncogenic driver mutations in resectable early stage LADC pa-
tients have recently emerged as a new potential target of adjuvant
treatment to decrease the risk of recurrence and consequently
prolong overall survival. Previous studies demonstrated that SP
subtype was associated with the following rates of driver muta-
tions: 3.0e36.8% in EGFR, 11.7e44% in ALK, 10.5e30.1% in KRAS,
0e25% in BRAF, 3.8e5.3% in RET and 2.2e21% in ROS1 [48e54].
Among these, ALK rearrangement was significantly more frequent
in SP than in non-SP subtype [48,54]. Similarly, the positive rate of
programmed death-ligand 1 (PD-L1) was also significantly higher
in LADC with SP subtype [55,56]. Several studies are currently
investigating the potential role of different tyrosine-kinase in-
hibitors (TKIs) in the adjuvant setting of completely resected mu-
tation positive stage I-III LADC patients. Final results are yet to be
awaited but additional testing of resected LADC by immunohisto-
chemistry and next generation sequencing to assess histological
subtype, PD-L1 and mutational status might provide valuable in-
formation to guide adjuvant treatment in the near future.

This meta-analysis has several limitations. First, only retro-
spective cohort studies were available to be included in this review.
Therefore, patients with incomplete clinical data were excluded,
possibly creating a selection bias. There may be a reporting bias
related to the fact that studies not identifying independent pre-
dictors of outcomes are less likely to be published. Almost all
studies included were published in Eastern Asia. It is currently
unknown whether the herein reported assumptions can be
extrapolated to other races. Moreover, we have not addressed the
potential influence of oncogenic driver mutations. To overcome
these limitations, a multicenter prospective approach would be
needed to adjust for all of the above-mentioned possible
confounders.
5. Conclusion

SP subtype in LADC is associatedwith significantly worse OS and
DFS in all stage patients undergoing pulmonary resection. This
study provides evidence that distinct histological LADC subtyping
represents a strong prognostic factor andmay be implemented into
prognostic tools to estimate individual patient prognosis and into
guidelines for adjuvant treatment in completely resected T2a/b N0
LADC.
Meeting presentation

None.
Conflict of interest

No conflict of interest disclosures from any authors.

Disclosure

All authors have no conflicts of interest or financial ties to
disclose.

Acknowledgements

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejso.2019.01.220.

Funding

None.

References

[1] Ferlay J, et al. Cancer incidence and mortality patterns in Europe: estimates for
40 countries in 2012. Eur J Cancer 2013;49:1374e403. http://doi.org/10.1016/
j.ejca.2012.12.027.

[2] Travis WD, et al. International association for the study of lung cancer/
American thoracic society/European respiratory society: international multi-
disciplinary classification of lung adenocarcinoma: executive summary. Proc
Am Thorac Soc 2011;8:381e5. http://doi.org/10.1513/pats.201107-042ST.

[3] Cha MJ, et al. Micropapillary and solid subtypes of invasive lung adenocarci-
noma: clinical predictors of histopathology and outcome. J Thorac Cardiovasc
Surg 2014;147:921e8. e2, http://doi.org/10.1016/j.jtcvs.2013.09.045.

[4] Chen T, et al. Impact of solid minor histologic subtype in postsurgical prog-
nosis of stage I lung adenocarcinoma. Ann Thorac Surg 2018;105:302e8.
http://doi.org/10.1016/j.athoracsur.2017.08.018.

[5] Ohtaki Y, et al. Prognostic significance of a solid component in pulmonary
adenocarcinoma. Ann Thorac Surg 2011;91:1051e7. http://doi.org/10.1016/j.
athoracsur.2010.11.071.

[6] Ujiie H, et al. Solid predominant histologic subtype in resected stage i lung
adenocarcinoma is an independent predictor of early, extrathoracic, multisite
recurrence and of poor postrecurrence survival. J Clin Oncol 2015;33:
2877e84. http://doi.org/10.1200/JCO.2015.60.9818.

[7] Xu ST, et al. Solid component and tumor size correlate with prognosis of stage
IB lung adenocarcinoma. Ann Thorac Surg 2015;99:961e7. http://doi.org/10.
1016/j.athoracsur.2014.10.079.

[8] Zhang Y, et al. The prognostic and predictive value of solid subtype in invasive
lung adenocarcinoma. Sci Rep 2014;4:7163. http://doi.org/10.1038/
srep07163.

[9] Zhao Y, et al. Minor components of micropapillary and solid subtypes in lung
adenocarcinoma are predictors of lymph node metastasis and poor prognosis.
Ann Surg Oncol 2016;23:2099e105. http://doi.org/10.1245/s10434-015-
5043-9.

[10] Park JK, et al. Lymph node involvement according to lung adenocarcinoma
subtypes: lymph node involvement is influenced by lung adenocarcinoma
subtypes. J Thorac Dis 2017;9:3903e10. http://doi.org/10.21037/jtd.2017.08.
132.

[11] Yu Y, et al. Lymph node involvement influenced by lung adenocarcinoma
subtypes in tumor size �3 cm disease: a study of 2268 cases. Eur J Surg Oncol
2016;42:1714e9. http://doi.org/10.1016/j.ejso.2016.02.247.

[12] Shamseer L, et al. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ
2015;350:g7647. http://doi.org/10.1136/bmj.g7647.

[13] Hayden JA, et al. Assessing bias in studies of prognostic factors. Ann Intern
Med 2013;158:280e6. http://doi.org/10.7326/0003-4819-158-4-201302190-
00009.

[14] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21:1539e58. http://doi.org/10.1002/sim.1186.

[15] DerSimonian R, Laird N. Meta-analysis in clinical trials. Contr Clin Trials
1986;7:177e88.

[16] Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics 1994;50:1088e101.

[17] Fujimoto M, et al. Adipophilin expression in lung adenocarcinoma is associ-
ated with apocrine-like features and poor clinical prognosis: an immunohis-
tochemical study of 328 cases. Histopathology 2017;70:232e41. http://doi.
org/10.1111/his.13048.

https://doi.org/10.1016/j.ejso.2019.01.220
http://doi.org/10.1016/j.ejca.2012.12.027
http://doi.org/10.1016/j.ejca.2012.12.027
http://doi.org/10.1513/pats.201107-042ST
http://doi.org/10.1016/j.jtcvs.2013.09.045
http://doi.org/10.1016/j.athoracsur.2017.08.018
http://doi.org/10.1016/j.athoracsur.2010.11.071
http://doi.org/10.1016/j.athoracsur.2010.11.071
http://doi.org/10.1200/JCO.2015.60.9818
http://doi.org/10.1016/j.athoracsur.2014.10.079
http://doi.org/10.1016/j.athoracsur.2014.10.079
http://doi.org/10.1038/srep07163
http://doi.org/10.1038/srep07163
http://doi.org/10.1245/s10434-015-5043-9
http://doi.org/10.1245/s10434-015-5043-9
http://doi.org/10.21037/jtd.2017.08.132
http://doi.org/10.21037/jtd.2017.08.132
http://doi.org/10.1016/j.ejso.2016.02.247
http://doi.org/10.1136/bmj.g7647
http://doi.org/10.7326/0003-4819-158-4-201302190-00009
http://doi.org/10.7326/0003-4819-158-4-201302190-00009
http://doi.org/10.1002/sim.1186
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref15
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref15
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref15
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref16
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref16
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref16
http://doi.org/10.1111/his.13048
http://doi.org/10.1111/his.13048


N. Miyahara et al. / European Journal of Surgical Oncology 45 (2019) 1156e11621162
[18] Koh YW, et al. Association between the CpG island methylator phenotype and
its prognostic significance in primary pulmonary adenocarcinoma. Tumor Biol
2016;37:10675e84. http://doi.org/10.1007/s13277-016-4932-2.

[19] Gao Q, et al. Worse disease-free, tumor-specific, and overall survival in
surgically-resected lung adenocarcinoma patients with ALK rearrangement.
Oncotarget 2017;8:86066e81. http://doi.org/10.18632/oncotarget.20973.

[20] Lee JG, et al. Napsin A is an independent prognostic factor in surgically
resected adenocarcinoma of the lung. Lung Cancer 2012;77:156e61. http://
doi.org/10.1016/j.lungcan.2012.02.013.

[21] Sakurai H, et al. Differences in the prognosis of resected lung adenocarcinoma
according to the histological subtype: a retrospective analysis of Japanese
lung cancer registry data. Eur J Cardiothorac Surg 2014;45:100e7. http://doi.
org/10.1093/ejcts/ezt284.

[22] Shimoji M, et al. Clinical and pathologic features of lung cancer expressing
programmed cell death ligand 1 (PD-L1). Lung Cancer 2016;98:69e75. http://
doi.org/10.1016/j.lungcan.2016.04.021.

[23] Sun Y, et al. Correlation of survival and EGFR mutation with predominant
histologic subtype according to the new lung adenocarcinoma classification in
stage IB patients. World J Surg Oncol 2014;12. http://doi.org/10.1186/1477-
7819-12-148.

[24] Warth A, et al. Prognostic impact and clinicopathological correlations of the
cribriform pattern in pulmonary adenocarcinoma. J Thorac Oncol 2015;10:
638e44. http://doi.org/10.1097/jto.0000000000000490.

[25] Watanabe Y, et al. Surgically resected solitary cavitary lung adenocarcinoma:
association between clinical, pathologic, and radiologic findings and prog-
nosis. Ann Thorac Surg 2015;99:968e74. http://doi.org/10.1016/j.athoracsur.
2014.10.040.

[26] Westaway DD, et al. The International Association for the Study of Lung
Cancer/American Thoracic Society/European Respiratory Society grading
system has limited prognostic significance in advanced resected pulmonary
adenocarcinoma. Pathology 2013;45:553e8. http://doi.org/10.1097/PAT.
0b013e32836532ae.

[27] Xu C, et al. PD-L1 is correlated with p53 expression in patients with lung
adenocarcinoma. Int J Clin Exp Pathol 2017;10. 2701-þ. <Go to ISI>://WOS:
000399083300022.

[28] Zhang H, et al. The predictive and prognostic values of factors associated with
visceral pleural involvement in resected lung adenocarcinomas. OncoTargets
Ther 2016;9:2337e48. http://doi.org/10.2147/OTT.S100965.

[29] Sun X, et al. Prognostic value of the IASLC/ATS/ERS classification and IMP3
expression in lung adenocarcinoma of Chinese cases. Am J Cancer Res 2015;5:
2266e76. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548338/pdf/
ajcr0005-2266.pdf.

[30] Hung JJ, et al. Prognostic factors in completely resected node-negative lung
adenocarcinoma of 3 cm or smaller. J Thorac Oncol 2017;12:1824e33. http://
doi.org/10.1016/j.jtho.2017.07.009.

[31] M€akinen JM, et al. Histological features of malignancy correlate with growth
patterns and patient outcome in lung adenocarcinoma. Histopathology
2017;71:425e36. http://doi.org/10.1111/his.13236.

[32] Fibla JJ, et al. Re-evaluation of the prognostic value of visceral pleura invasion
in Stage IB non-small cell lung cancer using the prospective multicenter
ACOSOG Z0030 trial data set. Lung Cancer 2012;78:259e62. http://doi.org/10.
1016/j.lungcan.2012.09.010.

[33] Hsu CP, et al. Surgical-pathologic factors affect long-term outcomes in stage IB
(pT2 N0 M0) non-small cell lung cancer: a heterogeneous disease. J Thorac
Cardiovasc Surg 2009;138:426e33. http://doi.org/10.1016/j.jtcvs.2008.12.
035.

[34] Kato T, et al. Angiolymphatic invasion exerts a strong impact on surgical
outcomes for stage I lung adenocarcinoma, but not non-adenocarcinoma.
Lung Canc 2012;77:394e400. http://doi.org/10.1016/j.lungcan.2012.04.002.

[35] Kudo Y, et al. Impact of visceral pleural invasion on the survival of patients
with non-small cell lung cancer. Lung Cancer 2012;78:153e60. http://doi.org/
10.1016/j.lungcan.2012.08.004.

[36] Lakha S, et al. Prognostic significance of visceral pleural involvement in early-
stage lung cancer. Chest 2014;146:1619e26. http://doi.org/10.1378/chest.14-
0204.

[37] Li Z, et al. Analysis of the T descriptors and other prognosis factors in path-
ologic stage I non-small cell lung cancer in China. J Thorac Oncol 2009;4:
702e9. http://doi.org/10.1097/JTO.0b013e3181a5269d.
[38] Yu Y, et al. Frequencies of ALK rearrangements in lung adenocarcinoma

subtypes: a study of 2299 Chinese cases. SpringerPlus 2016;5:894. http://doi.
org/10.1186/s40064-016-2607-5.

[39] Zhang Y, et al. A comprehensive investigation of molecular features and
prognosis of lung adenocarcinoma with micropapillary component. J Thorac
Oncol 2014;9:1772e8. http://doi.org/10.1097/jto.0000000000000341.

[40] Luo J, et al. Prognostic and predictive value of the novel classification of lung
adenocarcinoma in patients with stage IB. J Canc Res Clin Oncol 2016;142:
2031e40. http://doi.org/10.1007/s00432-016-2192-6.

[41] Rami-Porta R, et al. The IASLC lung cancer staging project: proposals for the
revisions of the T descriptors in the forthcoming Eighth edition of the TNM
classification for lung cancer. J Thorac Oncol 2015;10:990e1003. http://doi.
org/10.1097/jto.0000000000000559.

[42] Ettinger DS, et al. NCCN guidelines insights: non-small cell lung cancer,
version 5.2018. J Natl Compr Canc Netw 2018;16:807e21. http://doi.org/10.
6004/jnccn.2018.0062.

[43] Park SY, et al. Efficacy of platinum-based adjuvant chemotherapy in T2aN0
stage IB non-small cell lung cancer. J Cardiothorac Surg 2013;8:151. http://doi.
org/10.1186/1749-8090-8-151.

[44] Strauss GM, et al. Adjuvant paclitaxel plus carboplatin compared with
observation in stage IB non-small-cell lung cancer: CALGB 9633 with the
cancer and leukemia Group B, radiation therapy Oncology Group, and North
Central cancer treatment Group study groups. J Clin Oncol 2008;26:5043e51.
http://doi.org/10.1200/jco.2008.16.4855.

[45] Hung JJ, et al. Adjuvant chemotherapy improves the probability of freedom
from recurrence in patients with resected stage IB lung adenocarcinoma. Ann
Thorac Surg 2016;101:1346e53. http://doi.org/10.1016/j.athoracsur.2015.10.
075.

[46] Postmus PE, et al. Early and locally advanced non-small-cell lung cancer
(NSCLC): ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol 2017;28:iv1e21. http://doi.org/10.1093/annonc/
mdx222.

[47] Blasberg JD, et al. Sublobar resection: a movement from the lung cancer study
Group. J Thorac Oncol 2010;5:1583e93. https://doi.org/10.1097/JTO.
0b013e3181e77604.

[48] Possidente L, et al. ALK rearrangement in specific subtypes of lung adeno-
carcinoma: immunophenotypic and morphological features. Med Oncol
2017;34:76. http://doi.org/10.1007/s12032-017-0936-z.

[49] Zhou JY, et al. A prediction model for ROS1-rearranged lung adenocarcinomas
based on histologic features. PLoS One 2016;11, e0161861. http://doi.org/10.
1371/journal.pone.0161861.

[50] Zheng D, et al. The prevalence and prognostic significance of KRAS mutation
subtypes in lung adenocarcinomas from Chinese populations. OncoTargets
Ther 2016;9:833e43. http://doi.org/10.2147/ott.s96834.

[51] Yang L, et al. Detection of ALK translocation in non-small cell lung carcinoma
(NSCLC) and its clinicopathological significance using the Ventana immuno-
histochemical staining method: a single-center largescale investigation of
1,504 Chinese Han patients. Chinese journal of cancer research 2016;28:
495e502. http://doi.org/10.21147/j.issn.1000-9604.2016.05.04.

[52] Kadota K, et al. KRAS mutation is a significant prognostic factor in early-stage
lung adenocarcinoma. Am J Surg Pathol 2016;40:1579e90. http://doi.org/10.
1097/PAS.0000000000000744.

[53] Pan YJ, et al. ALK, ROS1 and RET fusions in 1139 lung adenocarcinomas: a
comprehensive study of common and fusion pattern-specific clinicopatho-
logic, histologic and cytologic features. Lung Cancer 2014;84:121e6. http://
doi.org/10.1016/j.lungcan.2014.02.007.

[54] Nishino M, et al. Histologic and cytomorphologic features of ALK-rearranged
lung adenocarcinomas. Mod Pathol 2012;25:1462e72. http://doi.org/10.
1038/modpathol.2012.109.

[55] Shimoji M, et al. Clinical and pathologic features of lung cancer expressing
programmed cell death ligand 1 (PD-L1). Lung Cancer 2016;98:69e75. http://
doi.org/10.1016/j.lungcan.2016.04.021.

[56] Zhang Y, et al. Protein expression of programmed death 1 ligand 1 and ligand
2 independently predict poor prognosis in surgically resected lung adeno-
carcinoma. OncoTargets Ther 2014;7:567e73. http://doi.org/10.2147/ott.
s59959.

http://doi.org/10.1007/s13277-016-4932-2
http://doi.org/10.18632/oncotarget.20973
http://doi.org/10.1016/j.lungcan.2012.02.013
http://doi.org/10.1016/j.lungcan.2012.02.013
http://doi.org/10.1093/ejcts/ezt284
http://doi.org/10.1093/ejcts/ezt284
http://doi.org/10.1016/j.lungcan.2016.04.021
http://doi.org/10.1016/j.lungcan.2016.04.021
http://doi.org/10.1186/1477-7819-12-148
http://doi.org/10.1186/1477-7819-12-148
http://doi.org/10.1097/jto.0000000000000490
http://doi.org/10.1016/j.athoracsur.2014.10.040
http://doi.org/10.1016/j.athoracsur.2014.10.040
http://doi.org/10.1097/PAT.0b013e32836532ae
http://doi.org/10.1097/PAT.0b013e32836532ae
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref27
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref27
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref27
http://refhub.elsevier.com/S0748-7983(19)30246-X/sref27
http://doi.org/10.2147/OTT.S100965
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548338/pdf/ajcr0005-2266.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548338/pdf/ajcr0005-2266.pdf
http://doi.org/10.1016/j.jtho.2017.07.009
http://doi.org/10.1016/j.jtho.2017.07.009
http://doi.org/10.1111/his.13236
http://doi.org/10.1016/j.lungcan.2012.09.010
http://doi.org/10.1016/j.lungcan.2012.09.010
http://doi.org/10.1016/j.jtcvs.2008.12.035
http://doi.org/10.1016/j.jtcvs.2008.12.035
http://doi.org/10.1016/j.lungcan.2012.04.002
http://doi.org/10.1016/j.lungcan.2012.08.004
http://doi.org/10.1016/j.lungcan.2012.08.004
http://doi.org/10.1378/chest.14-0204
http://doi.org/10.1378/chest.14-0204
http://doi.org/10.1097/JTO.0b013e3181a5269d
http://doi.org/10.1186/s40064-016-2607-5
http://doi.org/10.1186/s40064-016-2607-5
http://doi.org/10.1097/jto.0000000000000341
http://doi.org/10.1007/s00432-016-2192-6
http://doi.org/10.1097/jto.0000000000000559
http://doi.org/10.1097/jto.0000000000000559
http://doi.org/10.6004/jnccn.2018.0062
http://doi.org/10.6004/jnccn.2018.0062
http://doi.org/10.1186/1749-8090-8-151
http://doi.org/10.1186/1749-8090-8-151
http://doi.org/10.1200/jco.2008.16.4855
http://doi.org/10.1016/j.athoracsur.2015.10.075
http://doi.org/10.1016/j.athoracsur.2015.10.075
http://doi.org/10.1093/annonc/mdx222
http://doi.org/10.1093/annonc/mdx222
https://doi.org/10.1097/JTO.0b013e3181e77604
https://doi.org/10.1097/JTO.0b013e3181e77604
http://doi.org/10.1007/s12032-017-0936-z
http://doi.org/10.1371/journal.pone.0161861
http://doi.org/10.1371/journal.pone.0161861
http://doi.org/10.2147/ott.s96834
http://doi.org/10.21147/j.issn.1000-9604.2016.05.04
http://doi.org/10.1097/PAS.0000000000000744
http://doi.org/10.1097/PAS.0000000000000744
http://doi.org/10.1016/j.lungcan.2014.02.007
http://doi.org/10.1016/j.lungcan.2014.02.007
http://doi.org/10.1038/modpathol.2012.109
http://doi.org/10.1038/modpathol.2012.109
http://doi.org/10.1016/j.lungcan.2016.04.021
http://doi.org/10.1016/j.lungcan.2016.04.021
http://doi.org/10.2147/ott.s59959
http://doi.org/10.2147/ott.s59959

	Solid predominant subtype in lung adenocarcinoma is related to poor prognosis after surgical resection: A systematic review ...
	1. Introduction
	2. Material and methods
	2.1. Eligibility criteria
	2.2. Search strategy
	2.3. Data extraction
	2.4. Assessment of study quality
	2.5. Statistical analysis

	3. Results
	3.1. Selection of relevant studies
	3.2. Study characteristics
	3.3. Meta-analysis of the effect of SP subtype in LADC patients on OS and DFS

	4. Discussion
	5. Conclusion
	Meeting presentation
	Conflict of interest
	Disclosure
	Acknowledgements
	Appendix A. Supplementary data
	Funding
	References


