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Abstract

Background This study aimed to evaluate the prognostic value of the newly revised International Association
for the Study of Lung Cancer (IASLC) grading system (2020) on the 5-year overall survival (OS) and recurrence-free
survival (RFS) in patients with lung adenocarcinoma (LADC).

Methods Clinical studies that investigated the prognostic value of revised IASLC staging system in patients

with LADC were retrieved from the PubMed, Web of Science, ScienceDirect, and Cochrane Library databases. This
study was conducted in accordance to the 2020 Preferred Reporting ltems for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and checklists.

Results Based on inclusion and exclusion criteria, we included 12 studies for analysis. The grade of LADC

was assessed by revised IASLC system, which included three grades. Compared to Grade 3 LADC, grade 1 (total [95%
Cl]: 1.38[1.19, 1.60]) and grade 2 (total [95% Cl]: 1.29 [1.15, 1.44]) LADC had higher 5-year OS rates. Similarly, Grade 1
(total [95% Cl]: 1.76 [1.42, 2.18]) and Grade 2 (total [95% Cl]: 1.51 [1.28, 1.77]) had higher 5-year RFS rates Grade 3 LADC.
However, 5-year OS and RFS had no significant difference between Grade 1 and Grade 2 patients.

Conclusion This systematic review and meta-analysis provides evidence that the newly revised IASLC grading system
is significantly associated with the prognosis of patients with LADC, where Grade 3 indicated unfavorable prognosis.

Keywords Lung adenocarcinoma, IASLC grading system, Prognosis, Systematic review, Meta-analysis

Introduction
Lung adenocarcinoma (LADC) is the major histologi-
cal subtype of non-small cell lung cancer (NSCLC)
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shortcomings, the International Association for the
Study of Lung Cancer (IASLC) Pathology Committee
introduced a novel grading system (2020) for invasive
LADC [5, 6] (Table 1). This system incorporates key
histologic subtypes and high-grade patterns, estab-
lishing clear cut-off values for each grade. Specifically,
tumors exhibiting >20% high-grade patterns are classi-
fied as poorly differentiated. The revised IASLC grad-
ing system (2020) offers a more precise prediction of
patients’ outcomes.

The inclusion of high-grade patterns distinguishes
IASLC grading system (2020) from other systems.
High-grade patterns, including solid, micropapillary,
and complex glandular patterns, are closely associ-
ated with the prognosis, similar to that observed in
solid-predominant and micropapillary-predominant
LADC [7-9]. Overlooking the identification of com-
plex glandular patterns may underestimate the het-
erogeneity of acinar-predominant adenocarcinoma,
thereby diminishing the prognostic discriminatory
power of grading system in acinar pattern-dominant
LADC [10, 11]. Therefore, determining the appropri-
ate percentage threshold for high-grade patterns is
the key for this revised grading system. While several
studies have linked high-grade patterns to adverse
prognosis [12, 13], the percentage threshold of high-
grade patterns as a determinant of tumor recurrence
and mortality has not been well established. There-
fore, compared to traditional grading systems uti-
lizing mitotic count, nuclear grade, and cytologic
grading, the IASLC grading system appears to pro-
vide a more accurate prediction of the prognosis of
patients with LADC.

Several studies have failed to observe significant dif-
ferences in recurrence-free survival (RFS) and overall
survival (OS) in LADC patients stratified into differ-
ent grades [14, 15], which warrants further identifica-
tion of prognostic grading systems. Herein, the present
study aimed to conduct a systematic review and meta-
analysis to assess the predictive value of the new IASLC
grading system (2020) in the 5-year OS and RES rates of
patients with invasive LADC.

Table 1 The categories of IASLC grade
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Methods

We conducted a systematic review and meta-analysis fol-
lowing the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
2020 Statement [16]. The study protocol was registered
with the PROSPERO International Prospective Register
of Systematic Reviews (CRD42024531113).

Search strategy

A comprehensive literature search was conducted by
two independent investigators from four scientific data-
bases: PubMed, Web of Science, ScienceDirect, and the
Cochrane Library. To extract the publication incorporat-
ing IASLC grading system, we selected literature that was
published from October 2020 to April 2024. The search
term used across all databases was: (“lung adenocarci-
noma” OR “adenocarcinoma of the lung”) AND (“prog-
nosis” OR “outcome”) AND (“micropapillary” OR “solid”)
AND (“classification” OR “subtype”) AND (“The Pathol-
ogy Committee of the International Association for the
Study of Lung Cancer” OR “IASLC”).

Selection and eligibility criteria

Although both randomized controlled trials (RCTs) and
non-randomized controlled studies were eligible for our
analysis, only non-randomized studies were identified
and included in the meta-analysis. The inclusion crite-
ria were as follows: (1) patients diagnosed with primary
LADC and aged 18 years or older; (2) studies focusing on
the IASLC grading system (2020) for LADC; (3) studies
that included OS and RFS or disease-free interval (DFI),
recurrence-free probability (RFP), and disease-free sur-
vival (DFS) as prognostic indicators; and (4) original
research articles published in peer-reviewed journals
after October 2020. The exclusion criteria were as fol-
lows: (1) study types were case reports, commentaries,
editorials, conference abstracts, or other non-original
research; (2) articles not written in English; and (3) arti-
cles unavailable or inaccessible for full-text access. OS
was defined as the time from surgery to the date of death
from any cause, or the date of the last follow-up. RES,
DFI, RFP, and DFS were defined as the time from surgery

Grade Differentiation Pattern (2020) Pattern (2015)

1 Well differentiated Lepidic predominant tumors wiht <20% of high-grade patters Lepidic predominant

2 Moderately differentiated  Acinar or papillary predominant tumors with <20% of high-grade patters  Acinar or papillary predominant

3 Poorly differentiated Any tumor with >20% of high-grade patterns (solid, micropapillary, Solid or micropapillary predominant

complex glandular)
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to the date of regional recurrence, distant metastasis, or
last follow-up, respectively.

Duplicate screening was performed by two independ-
ent reviewers (Yingding Ruan and JianWei Han) based on
title, publication year, and author labels. After duplicate
removal, two independent reviewers (Yingding Ruan and
JianWei Han) review the title, abstract, and full text. Any
disagreements were resolved by third-party consultation
(Ting Zhang).

Data extraction

Data extraction from eligible studies was performed by
two independent reviewers (Yingding Ruan and Jian-
Wei Han). The extracted data included article title, first
author, publication year, TNM stages, RFS, DFS, DFI,
RFP, OS, follow-up time, number and percentage of
patients in different grades, distribution of sex, age, vas-
cular and lymphovascular invasion, pleural involvement,
spread through air space (STAS), percentage of patients
actively smoking cigarettes at the time of surgery, and
patients who underwent surgery. Furthermore, hazard
ratios (HRs) and 95% confidence intervals (CIs) for OS
and RFS were calculated by multivariate analyses. Any
discrepancies were resolved by a third investigator (Ting
Zhang) to guarantee accuracy and consistency.

Assessment of bias

The Newcastle-Ottawa Scale (NOS) tool, as recom-
mended by the Cochrane Handbook for Systematic
Reviews of Interventions, was used to assess nonrand-
omized controlled studies [17]. The NOS scoring system
consists of a maximum score of nine points, covering
the selection of the study population (four points), com-
parability (two points), and assessment of exposure or
outcome (three points). A NOS score of >5 points indi-
cated moderate to high quality. Assessment of bias was
conducted by two independent reviewers (Yingding Ruan
and JianWei Han) to evaluate the quality of the included
studies, and any disagreements were resolved by a third
reviewer (Ting Zhang).

Statistical analysis

The meta-analysis was conducted using Stata 12.0, and
Review Manager software 5.4.1. Heterogeneity of the
included studies was assessed using a quantitative I?
test combined with a qualitative Cochrane’s Q test, with
a=0.1 as the test criterion. When P>0.1 and I’< 50%,
low heterogeneity was considered, and the fixed-effects
model (FEM) was employed for meta-analysis. Con-
versely, P<0.1 and I’> 50% indicated significant heteroge-
neity among studies, where random effects model (REM)
was adopted for meta-analysis. Publication bias of the
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included studies was evaluated using funnel plot analy-
sis. A funnel plot that was visually symmetric or P>0.05
indicated a low likelihood of publication bias. Sensitiv-
ity analysis was performed to assess the stability of the
results. The stability of the meta-analysis findings was
indicated by effect sizes falling within the 95% CI range,
and the consistency of the results was confirmed by con-
sistent results after excluding each study.

Results

Characteristics of the included studies

The PRISMA flow diagram (Fig. 1) shows the details of
the selection process. A total of 199 records were identi-
fied from four databases. After removing duplicates and
performing eligibility assessment, 12 retrospective stud-
ies were included in the meta-analysis [14, 15, 18-27]
with moderate-to-high quality (Table 2). Characteristics
of the included studies are shown in Table 3. A total of
8725 patients were included in the analysis, where 1246,
4020, and 3459 patients belonged to IASLC Grades 1, 2,
and 3, respectively. OS data were available in all studies,
whereas RFS data were available in eight of them [15,
18-21, 23-25]. DFI, progression-free survival (PES), RFP,
and DFS were described in previous publications [14, 22,
27, 28]. The number of patients at each IASLC Grade
with 5-year follow-up was provided in eight studies [14,
15, 18-21, 24-26]. Nine studies conducted multivariate
analysis [14, 15, 20-22, 24-27].

Quantitative synthesis of 5-year OS and RFS

Comparing to Grade 1, the 5-year OS of Grade 2
patients had no significant difference (P=0.06), with an
HR of 1.06 (95%CI: 1.00-1.12), which suggests a slightly
increased risk of unfavorable prognosis in Grade 2
patients (Fig. 2A). However, the 5-year OS of Grade 3
patients was significantly worse than Grade 1 (HR [95%
CI]=1.38 [1.19-1.60], P<0.001) (Fig. 4A) and Grade
2 (HR [95% CI]=1.29 [1.15-1.44], P<0.001) patients
(Fig. 6A), showing a significantly higher risk of mor-
tality. Since Grade 1 and Grade 2 patients had similar
prognosis, we combined their OS data and found that
Grade 3 still had a significant poorer survival than com-
bined group (HR [95% CI]=1.30 [1.16-1.46], P<0.001)
(Fig. 8A).

Similarly, RFS analysis demonstrated signifi-
cant differences between the different IASLC grade
groups. Compared to Grade 1, Grade 2 had a higher
risk of disease recurrence or progression (HR [95%
CI]=1.14 [1.06-1.22], P=0.006) (Fig. 3A). Similarly,
the 5-year RFS of Grade 3 patients was significantly
worse than Grade 1 (HR [95% CI]|=1.76 [1.42-2.18],
P<0.001) (Fig. 5A) and Grade 2 (HR [95% CI]=1.51
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Identification of studies via databases and registers ]

Records identified from*:
PubMed (n = 93)
ScienceDirect (n = 69)
Web of Science(n=37)
Cochrane Library(n=0)

A

Records screened by
title,abstract and content(n =179)

A 4

Reports sought for retrieval
(n=13)

v

Reports assessed for eligibility
(n=13)

v

Studies included in review
(n=12)

Reports of included studies
(n=12)

v

Records removed before screening:
Duplicate records removed (n =20)

Records excluded

Title is not related to the topic (n = 92)
Abstract is not related to the topic(n = 62)
Content is not related to the topic (n = 12)

Reports not retrieved(n=0)

Reports excluded:
Repeated publication (n=1)

Fig. 1 The PRISMA flow diagram displays the details of the selection process. *From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: https://doi.org/10.

1136/bmj.n71.

Table 2 The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in our study

Study Year Country Type of Article The Newcastle-Ottawa Scale (NOS)
Selection Comparability Exposure
Deng et al. [16] 2021 China Single-center, retrospective case-control study *oxw * *xx
Fanetal.[17] 2023 China Multi-center, prospective and retrospective case- ~ **** ®x
control study
Fujikawa et al. [18] 2022 Japan Single-center, retrospective case-control study xxxx * **
Houetal. [19] 2022 China Multi-center, retrospective case-control study xaxx * xxx
Jeonetal. [12] 2021 Korea Multi-center, retrospective case-control study *E XX * *xx
Mikubo et al. [13] 2023 Japan Single-center, retrospective case-control study FrEx FEx
Weng et al. [20] 2020 China Single-center, retrospective case-control study *xxx * *
Woo et al. [21] 2022 Korea Multi-center, retrospective case-control study *xxE * * xx
Xuetal. [22] 2022 China Single-center, retrospective case-control study Hxxx * xxx
Yanagawa et al. [23] 2022 Japan Single-center, retrospective case-control study * Xk *xx
Yoshida et al. [24] 2022 Japan Single-center, retrospective case-control study Frxx * *x
Zhang et al. [25] 2022 China Single-center, retrospective case-control study *x ok * **

*:1 point
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A Grade1 Grade2: Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Deng2021 24 34 146 285 56% 1.381[1.08, 1.76) =
Fan2023 34 40 149 174 141% 0.99[0.86,1.15] hi
Fujikawa2022 12 114 40 438 1.0% 1.15[0.63, 2.12] I
Houz2022 1158 238 ar9 862 13.0% 1.10[0.94,1.28] ™
Mikuho2023 78 125 189 341 11.5% 1.07 [0.91,1.26] T
®uz2022 64 73 243 293 240% 1.06 [0.96,1.17]

Yanagawa2022 27 66 M0 216 3.4% 0.80[0.58,1.10]
Yoshida2022 74 ag 173 202 275% 1.05[0.96, 1.15]
Total (95% CI) 778 2811 100.0% 1.06 [1.00, 1.12]
Total events 433 1439
?EIT;DanmhﬁT?fu ;zclfl?;eoshlpz—aﬁsoué df=7 (P=029),F=18% 'DAD1 Df1 ] 1'0 100'
estfor overall effect: Z=1.85 (P = 0.06) Gradel Grade?
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Fig. 2 A Forest plot of studies that compared 5-year OS of Grade 1 and Grade 2 LADC. B Funnel plot of the included studies. Cl, confidence interval;
HR, hazard ratio; RR, risk ratio; OS, over survival; M-H, mantel-haenszel; SE, standard error

[1.28-1.77], P<0.001) patients (Fig. 7A), indicating
a higher risk of disease recurrence or progression in
Grade 3 patients. Additionally, when combining RFS
data of Grade 1 and Grade 2 patients, Grade 3 group
still had a shorter RFS (HR [95% CI]=1.56 [1.32—
1.84], P<0.001) (Fig. 9A). Overall, these results indi-
cate that IASLC grades could clearly stratify patients
with different expected outcomes, where Grade 3 had
the worst OS and RES.

Sensitivity analysis and bias assessment

Significant heterogeneity was detected among the
included studies (Figs. 4, 5, 6, 7, 8 and 9A). Leave-one-
out analysis revealed that the study by Mikubo [15] had
a relatively large impact on results, suggesting that it
may be potential source of study heterogeneity (Figs. 4,
5, 6, 7, 8 and 9C). Furthermore, funnel plot showed a
symmetrical distribution (Figs. 2, 3, 4, 5, 6, 7, 8 and
9B), indicating a low likelihood of publication bias and,
thus, a relatively high reliability of results.
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Discussion

Our analysis revealed that LADC classified as Grade 1
and Grade 2, according to the IASLC grading system
(2020), exhibited significantly better 5-year OS and RFS
rates than Grade 3 patients, while no significant differ-
ences in 5-year OS and RES were observed between the
Grade 1 and Grade 2 groups, indicating that the IASLC
grading system may not be able to stratify the prognosis
of patients with these two grades.

Figure 10 illustrates the growth patterns of prevalence
of invasive non-mucinous adenocarcinomas, which are
closely associated with DFS and OS [29]. This grading
based on growth patterns has been incorporated into
the World Health Organization (WHO) classification of
lung tumors [30]. Specifically, micropapillary adenocarci-
noma grows in clusters, filaments, or elongated papillae
lacking a fibrovascular core, usually adhering to alveolar
walls or floating within alveolar spaces, exhibiting high
aggressiveness, metastatic potential, and recurrence
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Fig. 10 The major histopathological patterns of non-mucinous pulmonary adenocarcinoma. A Lepidic; B Acinar; C Papillary; D Micropapillary; E

Solid

rates, leading to the poorest prognosis. Solid adenocar-
cinoma, on the other hand, presents as polygonal cells
forming solid sheets of nests without lumina or secre-
tions, characterized by rapid growth and a propensity
for metastasis and recurrence. In contrast, acinar adeno-
carcinoma grows in an acinar pattern with a relatively
low malignancy and good response to treatment, and a
favorable prognosis. Papillary adenocarcinoma contains
a fibrovascular core surrounded by cancer cells and has
a prognosis inferior to that of acinar adenocarcinoma
[31, 32]. Notably, squamous-predominant adenocarcino-
mas appear to have the most favorable prognosis, while
micropapillary and solid adenocarcinomas have the
worst [31-33]. In summary, LADC with different growth
patterns demonstrate significant variations in prognosis,
which underscores the necessity of IASLC staging system
to comprehensively assess patient’s prognosis.

Previous studies have reported no survival differences
of LADC patients between different IASLC grades. Weng
et al. [22] investigated the association between the IASLC
grading system and survival outcomes in advanced-stage
LADC patients. The study included 136 cases, with 7
cases classified as Grade 1 (5.1%), 74 cases as Grade
2 (54.4%), and 55 cases as Grade 3 (40.5%) LADC. The
results showed a statistically significant difference in PFS
among the different IASLC grades (P=0.013), but no dif-
ference in OS (P=0.154). However, this study had a rela-
tively small sample size, and the unequal distribution of
cases across different grades may have introduced selec-
tion bias, leading to nonsignificant findings. A systematic
review and meta-analysis by Hegedis F et al. [34] found

that Grade 1 LADC had higher 5-year OS rates than
Grade 3 one in both univariate (HR =0.19, 95% CI: 0.05—
0.66, P=0.009) and multivariate analyses (HR=0.21, 95%
CIL: 0.12-0.38, P<0.001). Grade 3 LADC had a worse
RES compared to Grade 1 in multivariate analysis (HR:
0.22, 95% CI: 0.14-0.35, P<0.001). Similarly, our study,
using different databases and recent research, showed
that Grade 1 and Grade 2 LADCs had better 5-year OS
rates than Grade 3. Grade 3 also had lower 5-year RFS
rates than Grade 1 and Grade 2. There were no signifi-
cant differences in 5-year OS or RFS between Grade 1
and 2 LADCs. Our findings provide supportive evidence
for the prognostic value of the IASLC grading system and
highlight the importance of continually developing and
refining the grading system for LADCs.

In another study [14] on stage IA LADC, significant
difference of DFI was detected between Grade 1 and 2
(P=0.001), as well as between Grade 1 and 3 (P<0.001).
However, there was no significant difference in OS
between Grades 2 and 3 (P=0.128), and Grade 3 was
not a prognostic factor for OS. These findings could
be attributed to non-cancer-related deaths in stage IA
LADC, while a substantial number of deaths unrelated
to cancer during the follow-up period (53.1%). Accord-
ing to another study [22] on patients with stage III and
IV lung cancer, a total of 136 patients were included,
with 17 in stage III and 119 in stage IV. According to the
latest IASLC guidelines, there was no significant differ-
ence in OS among patients with stage III and IV regard-
less of IASLC grades. Grade 3 patients showed the
worst PFS compared to Grade 2 in patients receiving
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chemotherapy. However, there were no significant dif-
ferences between Grade 1 and Grade 2 (P=0.948) or
Grade 1 and Grade 3 (P=0.125). In another study [20],
analysis of Grade 2 and Grade 3 lung cancer in stages I,
II, and III revealed that stage II (?<0.001) and stage III
(P<0.001) were independent risk factors for RFS, and
stage III (P<0.001) was an independent risk factor for
OS. Yet, adjuvant chemotherapy cannot significantly
improve OS and RFS in Grade 2 and Grade 3 patients.
These studies collectively emphasize the complexity of
prognostic factors in LADC, highlighting stage- and
grade-specific differences in DFS and OS, and suggest
that non-cancer-related deaths play a significant role
in certain stages, while advanced-stage cancer con-
sistently shows poor survival outcomes regardless of
grades.

The high expression of driver gene mutations in certain
subtypes may also affect the prognosis [15, 18, 20, 22].
Deng et al. [18] found that EGFR mutations was linked to a
notably high incidence of Grade 2 (P<0.001), while KRAS
mutations (P=0.041) and ALK rearrangements (P=0.021)
were commonly observed in Grade 3. Exon 19 deletions
are more frequently detected Grade 3 adenocarcinomas
compared to those with the L858R mutation (P=0.027).
However, another study [15] suggested that EGFR muta-
tions were more prevalent in tumors of low to moderate
grades, accounting for 64.3%, 56.3%, and 46.4% in Grade
1, 2, and 3. This disparity might stem from the genomic
diversity of Grade 3 tumor and varying proportions of his-
tologic subtypes across studies. On the contrary, a study
indicated that mutations in EGFR, KRAS, and ALK genes
are not associated with the IASLC grading system [27].
Moreover, patients with EGFR mutated LADC may receive
tyrosine kinase inhibitors (TKIs) as the first-line thera-
peutic choice, which will further induce bias in prognosis
evaluation. Collectively, these studies reveal a complex
relationship between gene mutations and tumor grading,
while the discrepancies of their findings require additional
investigation to delineate the correlation between gene
mutation and tumor grading systems.

Our meta-analysis yielded similar results, demon-
strating no statistically significant differences between
Grade 1 and Grade 2 for 5-year OS and RFS. Even when
we combined the survival data of Grade 1 and Grade 2,
Grade 3 remained significantly the worst. However, it is
worth noting that high heterogeneity among included
studies when comparing Grade 3 with the other groups
was observed during analysis, which may account for
varied results. Sensitivity analysis identified a potential
source of this heterogeneity, Mikubo’s study [15]. Future
research should apply strict inclusion criteria and stand-
ardized assessment methods to reduce study heterogene-
ity. Nonetheless, our findings were conclusive.
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The IASLC grading system, which incorporates patho-
logical pattern recognition with histopathology mani-
festation, is considered as a practical and convenient
assessment method. Numerous studies have demon-
strated that the IASLC grading system offers improved
prognostic accuracy compared to assessment by the pre-
dominant pattern [5, 18, 23, 25, 26, 28, 35]. Yanagawa
et al. [25] compared the architectural (Arch) [4], Sica’s
grading [12], and the IASLC grading system [5] for the
prognostic assessment of patients with LADC. Their
findings indicated that although three grading systems
could predict patients’ outcomes across all stages, the
IASLC grading system exhibited superior performance
over the Arch and Sica’s grading systems in distinguish-
ing OS (IASLC vs. Arch vs. Sica’s: HR=3.77 vs. 3.03 vs.
2.63) and RFS (HR =4.25 vs. 2.69 vs. 2.4) of Grade 3 from
Grade 1 LADC.

Our study has several limitations. First, our data did
not have sufficient information such as clinicopathologi-
cal information, which increases the risk of confounding
bias. Furthermore, the limited number of eligible studies
restricts the expansion of our findings, and heterogene-
ity of included studies affects the reliability of the results.
The inclusion of more data from RCTs would enhance
the reliability of the findings, reduce bias, and allow for
a more comprehensive assessment of survival differences
of different IASLC grades. Additionally, our analysis
only analyzed the difference of OS and RES, while that in
other prognostic indicators remains to be further deter-
mined. Furthermore, the comparisons between Grades 1,
Grade 2, and Grade 3 were performed based on a limited
number of studies, which may introduce potential bias
due to small sample sizes.

Despite these limitations, our study had several
strengths. We conducted a comprehensive meta-analysis
that underscored the value of the IASLC grading system
for clinical management and prognosis assessment. This
finding can facilitate physicians make clinical decisions
and design appropriate treatment regimens.

In conclusion, our meta-analysis shows the significant
discriminative ability of IASLC grading system in pre-
dicting the prognosis of patients with LADC, highlight-
ing the value of IASLC grading system as supplement
tool. Further research is required to validate the prog-
nostic stratification between the Grade 1 and Grade 2
groups.
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