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Prognostic and predictive value of the newly proposed grading
system of invasive pulmonary adenocarcinoma in Chinese
patients: a retrospective multicohort study
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Our aim was to validate and analyze the prognostic impact of the novel International Association for the Study of Lung Cancer
(IASLC) Pathology Committee grading system for invasive pulmonary adenocarcinomas (IPAs) in Chinese patients and to evaluate
its utility in predicting a survival benefit from adjuvant chemotherapy (ACT). In this multicenter, retrospective, cohort study, we
included 926 Chinese patients with completely resected stage I IPAs and classified them into three groups (Grade 1, n= 119; Grade
2, n= 431; Grade 3, n= 376) according to the new grading system proposed by the IASLC. Recurrence-free survival (RFS) and
overall survival (OS) were estimated by the Kaplan–Meier method, and prognostic factors were assessed using univariable and
multivariable Cox proportional hazards models. All included cohorts were well stratified in terms of RFS and OS by the novel
grading system. Furthermore, the proposed grading system was found to be independently associated with recurrence and death
in the multivariable analysis. Among patients with stage IB IPA (N= 490), the proposed grading system identified patients who
could benefit from ACT but who were undergraded by the adenocarcinoma (ADC) classification. The novel grading system not only
demonstrated prognostic significance in stage I IPA in a multicenter Chinese cohort but also offered clinical value for directing
therapeutic decisions regarding adjuvant chemotherapy.

Modern Pathology (2022) 35:749–756; https://doi.org/10.1038/s41379-021-00994-5

INTRODUCTION
According to the predominant histologic pattern, the 2015 WHO
classification system categorized invasive pulmonary adenocarci-
noma (IPA) into three groups: low grade (lepidic predominant),
intermediate grade (acinar or papillary predominant), and high
grade (solid or micropapillary predominant)1. Previous studies
showed that the classification according to the predominant
pattern was a prognostic factor and predictor of response to
adjuvant chemotherapy (ACT)2,3. In our previous study, we
demonstrated that high grade, as determined by the adenocarci-
noma classification, could predict recurrence-free survival (RFS)
and the benefit from ACT in patients with stage IB IPAs4.
Recently, by considering the cribriform and fused gland

patterns indicative of high-grade IPA, the International Association
for the Study of Lung Cancer (IASLC) Pathology Committee
proposed a novel grading system for IPA: well-differentiated
(lepidic predominant containing no or less than 20% high-grade
patterns), moderately differentiated (acinar or papillary

predominant containing no or less than 20% high-grade patterns),
poorly differentiated (any tumor containing 20% or more high-
grade patterns)5. The prognostic impact of this novel grading
system on RFS and overall survival (OS) has been subsequently
confirmed in patients with stages I-III and III-IV IPAs5,6.
However, to date, the utility of this grading system in predicting

a survival benefit from ACT has not been estimated, especially in
patients with upgraded IPA. Thus, in this study, we aimed to
provide an external validation of the newly proposed grading
system and investigate its predictive value for ACT benefit in
Chinese cohorts.

MATERIALS AND METHODS
Study cohorts
This multicohort study was approved by the institutional review boards of
the participating institutions: the Shanghai Pulmonary Hospital (SPH), the
Second Affiliated Hospital of Soochow University (SAH), and Ningbo No.2
Hospital (NNH). We reviewed the pathologic reports of all patients who
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Table 1. The clinicopathologic characteristics of included multicohort patients with stage I invasive pulmonary adenocarcinomas.

Characteristics Entire cohort (n=
926)

SPH cohort (n=
661)

SAH cohort (n=
134)

NNH cohort (n=
131)

p value

Age, years 0.216

<65 649 (70.1) 474 (71.7) 87 (64.9) 88 (67.2)

≥65 277 (29.9) 187 (28.3) 47 (35.1) 43 (32.8)

Sex 0.652

Female 501 (54.1) 362 (54.8) 73 (54.5) 66 (50.4)

Male 425 (45.9) 299 (45.2) 61 (45.5) 65 (49.6)

Smoking history 0.310

Non-smoker 706 (76.2) 509 (77.0) 104 (77.6) 93 (71.0)

Smoker 220 (3.82) 152 (23.0) 30 (22.4) 38 (29.0)

Surgery strategy 0.136

Sublobar resection 61 (6.6) 37 (5.6) 11 (8.2) 13 (9.9)

Lobectomy 865 (93.4) 624 (94.4) 123 (91.8) 118 (90.1)

Pathological T stage <0.001

T1a 51 (5.5) 43 (6.5) 4 (3.0) 4 (3.1)

T1b 228 (24.6) 157 (23.8) 37 (27.6) 34 (26.0)

T1c 157 (17.0) 84 (12.7) 39 (29.1) 34 (26.0)

T2a 490 (52.9) 377 (57.0) 54 (40.3) 59 (45.0)

Pathological overall stage <0.001

Stage IA 436 (47.1) 284 (43.0) 80 (59.7) 72 (55.0)

Stage IB 490 (52.9) 377 (57.0) 54 (40.3) 59 (45.0)

Grading by ADC classification <0.001

Grade 1 119 (12.9) 63 (9.5) 27 (20.1) 29 (22.1)

Grade 2 733 (79.2) 545 (82.5) 92 (68.7) 96 (73.3)

Grade 3 74 (8.0) 53 (8.0) 15 (11.2) 6 (4.6)

New grading system <0.001

Grade 1 119 (12.9) 63 (9.5) 27 (20.1) 29 (22.1)

Grade 2 431 (46.5) 320 (48.4) 61 (45.5) 50 (38.2)

Grade 3 376 (40.6) 278 (42.1) 46 (34.3) 52 (39.7)

Predominant pattern <0.001

Lepidic 119 (12.9) 63 (9.5) 27 (20.1) 29 (22.1)

Acinar 425 (45.9) 307 (46.4) 54 (40.3) 64 (48.9)

Papillary 173 (18.7) 137 (20.7) 24 (17.9) 12 (9.2)

Micropapillary 18 (1.9) 14 (2.1) 3 (2.2) 1 (0.8)

Solid 57 (6.2) 39 (5.9) 13 (9.7) 5 (3.8)

Complex glands 134 (14.5) 101 (15.3) 13 (9.7) 20 (15.3)

Visceral pleural invasion 0.015

Absence 794 (85.7) 553 (83.7) 123 (91.8) 118 (90.1)

Presence 132 (14.3) 108 (16.3) 11 (8.2) 13 (9.9)

Lymphovascular invasion 0.301

Absence 832 (89.8) 592 (89.6) 125 (93.3) 115 (87.8)

Presence 94 (10.2) 69 (10.4) 9 (6.7) 16 (12.2)

Pathological tumor size, mm, ± SD 22.1 ± 8.3 21.5 ± 8.3 23.2 ± 8.2 23.7 ± 8.1 0.003

Recurrence status 0.996

Absence 742 (80.1) 530 (80.2) 107 (79.9) 105 (80.2)

Presence 184 (19.9) 131 (19.8) 27 (20.1) 26 (19.8)

Overall survival status 0.314

Alive 804 (86.8) 571 (86.4) 114 (85.1) 119 (90.8)

Death 122 (13.2) 90 (13.6) 20 (14.9) 12 (9.2)

SPH Shanghai Pulmonary Hospital, SAH the Second Affiliated Hospital of Soochow University, NNH Ningbo No. 2 Hospital, ADC adenocarcinoma, SD standard
deviation.
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underwent complete surgical resection of non-small-cell lung cancer
between January 2015 and December 2015 at the three institutions.
Overall, data on 3725 patients with a pathologic diagnosis of IPA were
retrieved. Patients who satisfied the following criteria were excluded: (a)
incomplete clinicopathologic and follow-up information (n= 341); (b)
synchronous or metachronous lung cancer (n= 478); (c) stage II or higher
stage lesions (n= 1685); (d) lack of complete pathologic slices for
histologic re-evaluation (n= 137); and (e) diagnosis of invasive mucinous
adenocarcinoma or other variants (n= 158). Finally, according to the 8th
edition of the TNM classification of malignant tumors7, 926 patients (SPH
cohort, n= 661; SAH cohort, n= 134; NNH cohort, n= 131) with stage I IPA
were included in this study (Fig. S1). We set the follow-up endpoints as RFS
and OS, which were defined as the duration from the date of surgery to
that of recurrence and the duration from surgery until death or the last
follow-up, respectively.

Histologic evaluation and grading criteria
The formalin-fixed and paraffin-embedded tissue specimens of all included
patients were concurrently re-evaluated by two pathologists (Likun Hou
and Chunyan Wu) using a multiheaded microscope, and cases were
discussed until an agreement on diagnosis was made. Histologic patterns
of IPA were classified according to the International Association for the
Study of Lung Cancer/American Thoracic Society/European Respiratory
Society (IASLC/ATS/ERS) multidisciplinary classification of lung adenocarci-
noma (Fig. S2); the percentage of each pattern was recorded in 5%
increments8. Based on the percentage of histologic patterns, all patients
were categorized into three grades based on the new grading system
proposed by the IASLC Pathology Committee: grade 1, lepidic-
predominant tumor, containing less than 20% high-grade patterns
(micropapillary, solid, complex glandular patterns); grade 2, acinar- or
papillary-predominant tumor, containing less than 20% high-grade
patterns; and grade 3, any tumor containing greater than or equal to
20% high-grade patterns. For comparison, we also recorded the grades
according to the ADC classification, which were as follows: grade 1, lepidic
predominant; grade 2, acinar or papillary predominant; and grade 3, solid
or micropapillary predominant.

Statistical analysis
Continuous variables are presented as the mean and standard deviation
and were compared using Student’s t test; categorical variables are
presented as counts with percentages and were compared using Pearson’s
chi-squared test. The survival outcomes of different pattern groups or
treatment groups were estimated with the Kaplan–Meier method, and the
log-rank test was performed to test significance. Univariable and
multivariable Cox proportional hazards regression analyses were per-
formed to identify the independent prognostic factors. All Kaplan–Meier
analyses were conducted using the “survival” package in R software
(version 3.5.3, http://www.R-project.org). The comparison of baseline
information and Cox proportional hazards analyses were performed using
SPSS (version 20.0, IBM, Armonk, NY, USA). A two-sided p value less than
0.05 was considered statistically significant for all analyses.

RESULTS
Baseline characteristics
The clinicopathologic characteristics of the 926 included patients
from three institutions are illustrated in detail in Table 1.
According to the new grading system, 63 (9.5%), 320 (48.4%),
and 278 (42.1%) patients in the SPH cohort were stratified into
grade 1, grade 2, and grade 3, respectively. The SAH and NNH
cohorts had more patients with grade 1 but fewer patients with
grade 2 and grade 3 tumors (p < 0.001). Moreover, the SPH cohort
contained more patients with stage IB disease (p < 0.001) and
positive visceral pleural invasion (p= 0.015). The remaining
characteristics, including age, sex, smoking status, surgery
strategy, and lymphovascular invasion, were similar among the
three cohorts.

Prognostic performance of the grading system
Of all 926 patients from three institutions, significant differences
were found in RFS (Fig. 1A, p < 0.001) and OS (Fig. 1B, p < 0.001)
among grade 1, grade 2, and grade 3, as defined by the newly
proposed grading system. In the SPH cohort, the prognoses of
patients stratified into grade 3 by the new grading system were
significantly worse than those of patients in grade 2 and grade 1
(Fig. S3-left panel). The 5-year RFS and OS rates in the SPH cohort
were 96.7% and 96.8% in grade 1, 85.6% and 90.5% in grade 2,
and 76.4% and 82.2% in grade 3, respectively (both p < 0.001).
Similar prognostic trends were well validated in the SAH and NHH
cohorts, in which the grading system clearly discriminated the
survival difference among the three grades (Fig. S3-middle and
right panels). For patients from SAH, the 5-year RFS and OS rates
were 92.4% and 92.6% for grade 1, 76.1% and 77.4% for grade 2,
and 74.5% and 78.5% for grade 3, respectively (p= 0.003 and
0.023 for RFS and OS, respectively); the 5-year RFS and OS of
patients from NNH were 93.0% and 93.1% for grade 1, 78.0% and
81.4% for grade 2, and 72.2% and 75.7% for grade 3, respectively
(p < 0.001 and 0.003 for RFS and OS, respectively).
The univariable analysis found that all included clinicopathologic

factors, except for smoking history (p= 0.728) and surgery strategy (p
= 0.837), were significantly associated with patients’ RFS and OS
(Table 2, all p< 0.05). In particular, for the predominant subtypes, the
survival outcomes did not significantly differ between patients whose
tumors had predominant complex glandular patterns and those
whose tumors had micropapillary or solid patterns (p= 0.311 and
0.115 for RFS, p= 0.468 and 0.117 for OS). After multivariable
adjustment by statistically significant clinicopathological variables
(Table 2), the proposed grading system remained a powerful and
independent predictor of RFS (HR for grade 1: 0.165, 95% CI:
0.067–0.409, p< 0.001; HR for grade 2: 0.526, 95% CI: 0.383–0.722, p<

Fig. 1 Survival curves of 926 included patients with stage I invasive pulmonary adenocarcinomas. Kaplan–Meier curves of recurrence-free
survival (A) and overall survival (B) curves of 926 included patients with stage I invasive pulmonary adenocarcinomas.
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0.001) and OS (HR for grade 1: 0.134, 95% CI: 0.042–0.428, p= 0.001;
HR for grade 2: 0.482, 95% CI: 0.287–0.639, p< 0.001). In addition, the
presence of visceral pleural invasion (p< 0.001 for RFS and p= 0.004
for OS) and lymphovascular invasion (p< 0.001 for RFS and p= 0.002
for OS) might each serve as an independent factor associated with
increased risk of recurrence and death. We also found that age (p=
0.004) was another important and independent prognostic factor in
determining OS rates. In the subgroups stratified by pathologic stage
and age, those patients with grade 3 tumors exhibited significantly
worse RFS and OS than those with grade 2 or grade 1 tumors (all p<
0.001, Fig. 2 and Fig. S4), which demonstrates that the new grading
system could be a strong and stable prognostic factor.

Predictive implication of the new grading system for ACT
benefit
Of 490 patients with stage IB IPA, 298 (60.8%) patients were treated
with ACT, while another 192 (39.2%) patients did not receive any
adjuvant therapy. Table 3 summarizes and compares the baseline
information of the two groups, which indicates that patients younger
than 65 years (p< 0.001), with a history of smoking (p< 0.001), higher
pathological grades (p< 0.001), visceral pleural invasion (p= 0.025)
and lymphovascular invasion (p= 0.034) tended to receive ACT. With
the adenocarcinoma classification and proposed grading system, 36
(7.3%), 407 (83.1%), and 47 (9.6%) patients were categorized into
grade 1, grade 2, and grade 3, respectively. However, among patients
categorized as grade 2 according to the ADC classification (n= 407),
171 patients (42.0%) were upgraded to grade 3 under the new
grading system (Table S1).
We noted that ACT did not enhance survival in all 407 patients

with previous grade 2 disease (Fig. 3-left panel, p= 0.220 and 0.150
for RFS and OS, respectively). We further found that while the
adoption of ACT showed no association with improved survival in
236 patients in the previous and newly proposed grade 2 category

(Fig. S5-left panel, p= 0.39 for RFS and p= 0.48 for OS, respectively),
a significant added benefit of ACT (Fig. 3-middle panel, both p<
0.001 for RFS and OS) was found for 171 patients who were
upgraded from grade 2 to the newly proposed grade 3. In addition,
all patients with previous or newly proposed grade 3 disease (Fig. S5-
right panel and Fig. 3-right panel, all p< 0.001) showed significantly
prolonged survival after treatment with ACT. The multivariable
analysis revealed a significant benefit from ACT in patients with
grade 3 tumors (HR for RFS: 0.373, 95% CI: 0.236–0.589, p< 0.001; HR
for OS: 0.340, 95% CI: 0.198–0.584, p < 0.001) but not in those with
grade 2 tumors (p= 0.387 for RFS and p= 0.479 for OS), in
accordance with the newly proposed grading system.

DISCUSSION
In this study, we provide a large external validation of the novel
grading system for IPA proposed by the IASLC Pathology
Committee regarding its prognostic value in stage I disease and
its ability to predict ACT benefit. Our results demonstrated that
stage I patients classified into grade 3 by the new grading system
had significantly worse outcomes than those classified as grades 1
and 2. The multivariable analysis indicated that pathological
grading was an independent prognostic factor for both RFS and
OS. We further found that while stage IB patients in the overall
cohort showed no survival difference with or without ACT, those
defined as grade 3 by the proposed grading system showed a
significant favorable response to ACT. In particular, patients
upgraded from grade 2 to the newly proposed grade 3 could
obtain a significant added benefit from ACT.
The IASLC recently proposed a grading system for IPA that

considers the prognostic impact of traditional histological growth
patterns and their proportions in addition to other pathologic factors,
such as tumor spread through air spaces (STAS), nuclear grade, and

Fig. 2 Survival curves of patients in the subgroups that were stratified with pathological stage. Comparisons of recurrence-free survival
(A, B) and overall survival (C, D) among the different grades defined by the new grading system. Left panel: pathological stage IA; Right panel:
pathologic stage IB.
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mitotic grade5. After the initial research was published, Weng et al.6

applied this grading system to 136 cases with advanced stage IPA
(stages IIIA, IIIB, and IV) and demonstrated that patients with high-
grade tumors had significantly shorter progression-free survival, but
not OS, than those with intermediate-grade and low-grade tumors.
However, the treatment strategy and prognostic behavior varied
between advanced IPAs diagnosed by needle biopsy and early-stage
disease9, and for the latter, the clinical relevance of the new grading
system needs further validation. Based on a large Japanese cohort,
Rokutan-Kurata et al.10 validated the prognostic significance of the
new histologic grading system in all-stage disease and compared this
system with two previous conventional histologic systems. Subse-
quently, Kagimoto et al.11 also confirmed the effectiveness of the
grading criteria for prognostic stratification based on a cohort of all-
stage patients. They revealed in greater detail that the new grading
system could achieve RFS stratification in the subgroup of pathologic
stage I patients but not in those with stage II or III disease, which
seemed to be slightly inconsistent with the previous study. In our
study, prognostic validation of the newly proposed grading system
was performed in multi-institutional cohorts of stage I IPA. Our
findings were consistent with the subgroup analysis reported by
Kagimoto et al.11, which supports that the proposed grade was a

significant and robust predictor of RFS and OS in stage I disease (p<
0.05 in all cohorts). In addition, we expanded the validation by
demonstrating that the same prognostic effect was seen in the stage
IA and IB IPA subgroups.
Notably, the complex glandular patterns, which used to be

classified as high-grade acinar12, were formally considered a poorly
differentiated histologic subtype by the new grading system. The
grading proposal5 and previous relative studies13,14 emphasized that
complex glandular patterns were associated with poor prognosis,
similar to traditional high-grade patterns (solid and micropapillary).
Our analyses were consistent with the findings of these researchers,
which demonstrates that patients who had tumors with predomi-
nant complex glandular patterns showed no significant difference in
survival outcomes compared with those whose tumors had
micropapillary or solid patterns (all p> 0.05). Thus, it is substantially
meaningful to classify tumors with complex glandular patterns as a
new type of high-grade IPA to advance clinical management in terms
of either prognostic assessment or treatment decisions.
Previous studies5,6,11 focused on the prognostic value of the new

grading system but lacked further discussions related to the
administration of adjuvant therapy. The treatment guidelines
published in 2017 and several earlier studies provided data that

Table 3. The clinicopathologic characteristics of patients with pathologic stage IB IPA with and without adjuvant chemotherapy.

Characteristic Overall group
(n= 490)

Observation
(n= 192)

ACT
(n= 298)

p value

Age, years <0.001

<65 334 (68.2) 113 (58.9) 221 (74.2)

≥65 156 (31.8) 79 (41.1) 77 (25.8)

Sex 0.754

Female 285 (58.2) 110 (57.3) 175 (58.7)

Male 205 (41.8) 82 (42.7) 123 (41.3)

Smoking history <0.001

Non-smoker 386 (78.8) 126 (65.6) 260 (87.2)

Smoker 104 (21.2) 66 (34.4) 38 (12.8)

Surgery strategy 0.418

Sublobar resection 21 (4.3) 10 (5.2) 11 (3.7)

Lobectomy 469 (95.7) 182 (94.8) 287 (96.3)

Grading by ADC classification 0.001

Grade 1 36 (7.3) 25 (13.0) 11 (3.7)

Grade 2 407 (83.1) 151 (78.6) 256 (85.9)

Grade 3 47 (9.6) 16 (8.3) 31 (10.4)

New grading system <0.001

Grade 1 36 (7.3) 25 (13.0) 11 (3.7)

Grade 2 236 (48.2) 103 (53.6) 103 (44.6)

Grade 3 218 (44.5) 64 (33.3) 120 (51.7)

Predominant subtype < 0.001

Lepidic 35 (7.1) 24 (12.5) 11 (3.7)

Acinar 232 (47.3) 82 (42.7) 150 (50.3)

Papillary 109 (22.2) 49 (25.5) 60 (20.1)

Micropapillary 12 (3.4) 6 (3.1) 6 (2.0)

Solid 36 (7.3) 10 (5.2) 26 (8.7)

Complex glands 66 (13.5) 21 (10.9) 45 (15.1)

Visceral pleural invasion 0.025

Absence 358 (73.1) 151 (78.6) 207 (69.5)

Presence 132 (26.9) 41 (21.4) 91 (30.5)

Lymphovascular invasion 0.034

Absence 430 (87.8) 176 (91.7) 254 (85.2)

Presence 60 (12.2) 16 (8.3) 44 (14.8)

Pathological tumor size, mm, mean ± SD 24.8 ± 8.7 24.3 ± 8.7 25.1 ± 8.6 0.374

ACT adjuvant chemotherapy, IPA invasive pulmonary adenocarcinoma, ADC adenocarcinoma, SD standard deviation.
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did not support the addition of ACT following curative resection in
patients with stage IA disease, whereas stage IB patients with an
increased risk of recurrence might be ideal candidates for ACT15–18.
However, the selected criteria of high-risk patients with stage IB
lesions as defined by the eighth edition of the TNM staging system
are still ambiguous, and an efficient predictive indicator to identify
those who might benefit from ACT is warranted.
Pathologic grading has been recognized as a traditional predictor

of postoperative prognosis and adjuvant treatment guidance19–21.
Many studies have shown that the effect of ACT on RFS was
significantly different in acinar/papillary- and micropapillary/solid-
predominant IPAs, with the latter showing a benefit2,16,22. However,
high-grade tumors defined by predominant patterns only account for
10%-25% of all tumors16,23. Additionally, the newly proposed grading
system determined that any tumor containing 20% or more poorly
differentiated patterns was high grade, which was associated with a
worse prognosis similar to those with predominantly poorly
differentiated patterns5. Based on prognosis, we added to these
findings by demonstrating that stage IB patients stratified into grade
3 using the new grading system were more likely to benefit from ACT
in terms of both RFS and OS (p< 0.001), but we also report a
nonsignificant trend of survival benefits for those in the proposed
grade 2 category. Notably, we demonstrated a significant survival
benefit of ACT for those patients upgraded to the newly proposed
grade 3 but stratified into grade 2 by their predominant tumor
patterns. Given that the proposed grading system covers a larger
population of high-grade patients than the predominant pattern only,
this new system might guide the identification of more suitable
candidates with stage IB IPA for ACT.
Several limitations of our study should be noted. The first is the

retrospective data collection and the small sample size of patients
with grade 1, even though overall, 926 cases from three different
institutions were included in this study. This suggests that our
findings should be validated in larger well-designed prospective

studies. Second, the present study only examined the prognostic
impact of the new grading system in Chinese and Asian cohorts, and
greater efforts are urgently needed to validate this system in
different ethnic populations. Third, the decision about the use of
ACT in stage IB disease was made by clinicians and/or patients and
was not randomized, which also increases the risk of selection
biases. The validity of grading for ACT benefit prediction should be
further verified in future clinical trials of stage IB IPA with a
prospective and random design.
In conclusion, our study supported that the newly proposed

grading system proposed by the IASLC Pathology Committee in
2020 could serve as a strong and effective predictor of survival
evaluation in patients with stage I IPA. Moreover, histologic
grading criteria might be a useful predictive tool to identify which
patients might benefit from ACT. Thus, the grading system
potentially offers clinical value in directing therapeutic regimen
selection for patients with stage I IPA.
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