
Abstract. Background/Aim: Although the histological
grading systems (Grading) with respect to lung
adenocarcinoma are defined using architectural approaches
in the eighth cancer Tumor, Node, and Metastasis (TNM)
Classification, the prognostic value of the architectural
subtypes in advanced stages of the disease remains unclear.
We aimed to assess which Grading was more suitable as a
prognostic factor: i) (conventional) Grading based on
differentiation or ii) (new) Grading based on architectural
subtypes. Patients and Methods: We analyzed the outcomes
and Gradings of resected 449 patients with adenocarcinoma
using receiver operating characteristic (ROC) curves.
Results: The tumor histological grade of 147 out of 449
patients changed using the results from the revised Grading.
In these 147 patients, ROC curves showed that the area
under the curve was 0.710 using the conventional Grading
and 0.567 using the new Grading. Conclusion: The
conventional Grading might be more suitable for lung
adenocarcinoma recurrence compared to the new Grading.

Lung cancer is one of the most frequent types of cancer and
one of the most lethal ones worldwide (1). Although there is
rapid progress in medical treatment, non-small cell lung
cancer (NSCLC) has a poor prognosis with a 5-year relative
survival rate in about 15% of patients (2). To manage the
prognosis of NSCLC patients and predict the benefits of
adjuvant chemotherapy, it is important to identify accurate
and practical biomarkers (2).

Histological grading may be helpful for lung cancer
management, however, no well-established histological

grading system with clearly defined criteria exists for lung
adenocarcinoma (3, 4). In 2011, the International Association
for the Study of Lung Cancer, the American Thoracic
Society, and the European Respiratory Society
(IASLC/ATS/ERS) proposed a new classification of lung
adenocarcinoma, simply based on histological subtypes and
a revised histological grading system (4). Previous studies
have indicated that this new histological grading based on
architectural subtypes has been associated with a better
prognosis in stage I lung adenocarcinoma (5-7). On the other
hand, an association between a better prognosis of more
advanced stages of lung adenocarcinoma, and the new
histological grading remains unclear (8). Furthermore, the
invasive adenocarcinoma subtypes are classified
predominantly according to the greatest percentage of
histological component subtype (4). This means that the
predominant subtype classification might not reflect the
progressive phase of invasive adenocarcinoma.

Here, we assessed which grading system is more suitable
for a better prognosis in all stages of completely resected
lung invasive adenocarcinoma: i) the histological grading
system, based on tumor cell differentiation (the conventional
histological grading system) or ii) the histological grading,
based on architectural predominant subtypes (the new
histological grading system). In this study, we retrospectively
reviewed and analyzed the outcomes of 449 patients who
underwent complete resection of lung invasive
adenocarcinoma of all stages, with a focus on the type of
histological grading system.

Patients and Methods

Patients. We enrolled 449 patients with complete resected
pathologic lung invasive adenocarcinoma who underwent lobectomy
or pneumonectomy with systematic lymphadenectomy at the Nara
Medical University Hospital from January 2010 to December 2016.
Patients with additional malignant diseases were excluded from this
study. We used video-assisted thoracoscopic surgery using a
standardized three-port approach to resect the tumors. The medical
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record of each patient was reviewed, and the pathological (p) T
descriptor was reclassified, based on the 8th edition of the Tumor,
Node, and Metastasis (TNM) staging (9). In addition, the
histological grade was reclassified, based on the 8th edition of the
TNM staging and was defined as new grade: i) G1 for lepidic
adenocarcinoma, ii) G2 for acinar adenocarcinoma and Papillary
adenocarcinoma, and iii) G3 for micropapillary adenocarcinoma and
Solid adenocarcinoma) (9). According to the classification based on
the 7th edition of the TNM staging (10), conventional grade is as
follows: i) G1 for well differentiated adenocarcinoma, ii) G2 for
moderately differentiated adenocarcinoma, and iii) G3 for poorly
differentiated adenocarcinoma. In this study, the new grading system
classifications G1, G2, G3 were defined as nG1, nG2, nG3,
respectively, and the conventional grading system classifications
G1, G2, G3 were defined as cG1, cG2, cG3, respectively. 

Each patient received medical checkups and chest X-ray
examinations at least twice a year and whole-body computed
tomography (CT) scans every six to twelve months during the first
two years following surgical intervention and yearly thereafter. The
observation period was terminated on the 30th of November 2018. 
This retrospective study was approved by our institute Ethics
Review Board (No. 1774).

Statistical analyses. The chi-square test or Fisher’s exact test were
used, as appropriate, to examine the association between the two
groups. Overall survival and recurrence-free survival were defined
as the time from the operation to death from any cause and the first
cancer relapse, respectively. Overall survival curves and recurrence-
free survival curves were plotted using the Kaplan–Meier method,
and the statistically significant differences between groups were
assessed using the log-rank test. Univariate and multivariate Cox
regression analyses were used to evaluate the hazard ratio with the
endpoint of overall survival or recurrence-free survival. Age, sex,
pathological diameter of tumor infiltration, ground glass nodules
(GGN) on CT, pT descriptor, pN descriptor, histological type,
histological grade (according to the conventional or the new
classification), pleural invasion factor (PL factor), vascular invasion
factor (V factor), lymphatic vessel invasion factor (LY factor),
pStage, and preoperative carcinoembryonic antigen (CEA)
concentration were included in the univariate analysis. Covariates
found to be significant on the univariate analyses were included in
the multivariate analysis. A two-sided p-value of less than 0.05 was
considered statistically significant. All analyses were performed
using EZR on R commander version 1.33 (Saitama Medical Center,
Jichi Medical University, Japan) (11).

Results
During the follow-up (median 46 months, range 0-102
months), lung adenocarcinoma recurrence was identified in
23.8% of patients (107/449) and death occurred in 8.7%
(39/449) of patients. The overall 5-year survival rate was
89.1% (95% confidence interval (CI): 85.1-92.1%), and the
5-year recurrence-free survival rate was 73.6% (95% CI:
68.1-78.4%). Table I shows the clinicopathological
characteristics of all patients. 

Based on the conventional grading system, there were 209
patients (46.5%) in the well-differentiated adenocarcinoma
group (cG1), 174 patients (38.8%) in the moderately

differentiated adenocarcinoma group (cG2), and 66 patients
(14.7%) in the poorly differentiated adenocarcinoma group
(cG3). Using the new grading system, a total of 147 patients
(32.7%) were in the lepidic adenocarcinoma group (nG1),
226 patients (50.3%) were in the acinar or papillary
adenocarcinoma group (nG2), and 76 patients (16.9%) in the
solid or micropapillary adenocarcinoma group (nG3). The
tumor histological grade changed in 32.7% (147/449) of
patients using the revised grading system during the
observation period (Table II).

In a total of 449 patients, the 5-year overall survival rates
in the cG1, cG2, and cG3 groups (using the conventional
grading system) were 97.0% (95% CI: 92.0%-98.9%), 85.9%
(95% CI: 78.3%-91.0%), and 70.0% (95% CI: 53.3%-
81.7%), respectively (p<0.001) (Figure 1A). The 5-year
recurrence-free survival rates in the cG1, cG2, and cG3
groups were 94.0% (95% CI: 88.1%-97.0%), 63.7% (95%
CI: 53.8%-72.1%), and 34.2% (95% CI: 20.4%-48.5%),
respectively (p<0.001) (Figure 1B). On the other hand, using
the new grading system, the 5-year overall survival rates in
the nG1, nG2, and nG3 groups were 98.6% (95% CI: 94.3%-
99.6%), 88.5% (95% CI: 82.2%-92.7%), and 69.7% (95%
CI: 54.1%-80.9%), respectively (p<0.001) (Figure 2A). The
5-year recurrence-free survival rates in the nG1, nG2, and
nG3 groups were 95.0% (95% CI: 88.0%-98.0%), 69.1%
(95% CI: 61.0%-75.8%), and 45.1% (95% CI: 30.1%-
59.0%), respectively (p<0.001) (Figure 2B). 

Analysis of relative risks showed that the age, the sex, the
pathological diameter of tumor infiltration, pure GGN on CT,
the histological grade (using both new and conventional grading
systems), the PL, V and LY factors, the pT and pN descriptors,
the pStage, and the preoperative CEA concentration were
indicators of overall survival (Table III). Multivariate analysis
showed that the histological grade (conventional grade), the pT
and pN descriptors were independent predictors of overall
survival in cases classified using the conventional grading
system (Table IV). Regarding the new grading system, the
multivariate analysis also showed that the histological grade
(new grade), the pT and pN descriptors were independent
predictors of overall survival (Table V). 

Conversely, the analysis of relative risk with the endpoint
of cancer recurrence showed that the pathological diameter
of tumor infiltration, the pure GGN on CT, the histological
grade (using both new and conventional grading systems), the
PL, V and LY factors, the micropapillary, the pStage, the pT
and pN descriptors, and the preoperative CEA concentration
were indicators of cancer recurrence (Table VI). The
multivariate analysis showed that the pathological diameter
of tumor infiltration, the pN descriptor, the histological grade
(conventional grading), and the V factor were independent
predictors of recurrence using the conventional grading
system (Table VII). Regarding the new grading system,
multivariate analysis showed that the pathological diameter
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Table I. Clinicopathological characteristics of the study population
(n=449).

Characteristics                                                             N (%)

Age                                                                                 
   <70 Years                                                             239 (53.2)
   ≥70 Years                                                             210 (46.8)
Gender
  Male                                                                     240 (53.5)
   Female                                                                  209 (46.5)
CT findings
   Pure GGN                                                              96 (21.4)
   Other                                                                    353 (78.6)
Location 
   Peripheral                                                             366 (81.5)
   Other                                                                      83 (18.5)
pStage
   I                                                                            342 (76.2)
   ≥II                                                                         107 (23.8)
pT descriptor
   Tmin                                                                       13 (2.9)
   T1a                                                                         30 (6.7)
   T1b                                                                       136 (30.3)
   T1c                                                                       105 (23.4)
   T2a                                                                       115 (25.6)
   T2b                                                                         22 (4.9)
   ≥T3                                                                         28 (6.2)
Invasive size of tumor
   ≤30 mm                                                                337 (75.1)
   >30 mm                                                                112 (24.9)
pN descriptor
   pN0                                                                      375 (83.5)
   pN1                                                                         42 (9.4)
   ≥pN2                                                                      32 (7.1)
Histological grade (conventional)
   cG1                                                                       209 (72.1)
   cG2                                                                       174 (38.8)
   cG3                                                                         66 (14.7)
Histological grade (new)
   nG1                                                                      147 (32.7)
   nG2                                                                      226 (50.3)
   nG3                                                                         76 (16.9)
PL
   Present                                                                    98 (21.8)
   Absent                                                                  351 (78.2)
LY
   Present                                                                  165 (36.7)
   Absent                                                                  284 (63.3)
V
   Present                                                                  140 (31.2)
   Absent                                                                  309 (68.8)
EGFR mutation
   Present                                                                    75 (22.4)
   Absent                                                                  260 (77.6)
CEA 
   <5 ng/ml                                                              328 (73.1)
   ≥5 ng/ml                                                               121 (26.9)
Recurrence
   Yes                                                                        107 (23.8)
   No                                                                         342 (76.2)
Survival                                                                          
   Yes                                                                        410 (91.3)
   No                                                                           39 (8.7)

CEA: Carcinoembryonic antigen, CT: computed tomography; GGN:
ground glass nodule; LY: lymphatic vessel invasion factor; PL: pleural
invasion factor, V: vascular invasion factor.

Table II. Univariate analysis of factors associated with the revised
grading system considering all patients.

Characteristics                              Without change  With change  p-Value
                                                           (n=302)            (n=147)
Age
   <70 Years                                     154 (51.0)          85 (57.8)        0.191
   ≥70 Years                                      148 (49.0)          62 (42.2)
Gender
  Male                                              158 (52.3)          82 (55.8)        0.545

   Female                                          144 (47.7)          65 (44.2)
CT findings
   Pure GGN                                      72 (23.8)          24 (16.3)        0.086
   Other                                             230 (76.2)        123 (83.7)
Location 
   Peripheral                                     240 (79.5)        126 (85.7)        0.121
   Other                                               62 (20.5)          21 (14.3)
pStage
   I                                                     232 (76.8)        110 (74.8)        0.639
   ≥II                                                   70 (23.2)          37 (25.2)
pT descriptor
   Tmin                                               12 (4.0)              1 (0.7)            NA
   T1a                                                  21 (7.0)              9 (6.1)
   T1b                                                 89 (29.5)          47 (32.0)
   T1c                                                  67 (22.2)          38 (25.9)
   T2a                                                  75 (24.8)          40 (27.2)
   T2b                                                 18 (6.0)              4 (2.7)
   ≥T3                                                 20 (6.6)              8 (5.4)
Invasive size of tumor
   ≤30 mm                                        222 (73.5)        115 (78.2)        0.297
   >30 mm                                          80 (26.5)          32 (21.8)
pN descriptor
   pN0                                               256 (84.8)        119 (81.0)        0.562
   pN1                                                 26 (8.6)            16 (10.9)
   ≥pN2                                               20 (6.6)            12 (8.2)
Histological grade (conventional)
   cG1                                               128 (42.4)          81 (55.1)        0.028
   cG2                                               129 (42.7)          45 (30.6)
   cG3                                                 45 (14.9)          21 (14.3)
Histological grade (new)
   nG1                                               129 (42.7)          18 (12.2)     <0.001
   nG2                                               128 (42.4)          98 (66.7)
   nG3                                                 45 (14.9)          31 (21.1)
PL
   Present                                            61 (20.2)          37 (25.2)        0.273
   Absent                                          241 (79.8)        110 (74.8)
LY
   Present                                            97 (32.1)          68 (46.3)        0.005
   Absent                                          205 (67.9)          79 (53.7)
V
   Present                                            85 (28.1)          55 (37.4)        0.051
   Absent                                          217 (71.9)          92 (62.6)
EGFR mutation
   Present                                            41 (18.7)          34 (29.3)        0.038
   Absent                                          178 (81.3)          82 (70.7)
CEA
   <5 ng/ml                                       229 (75.8)          99 (67.3)        0.070
   ≥5 ng/ml                                         73 (24.2)          48 (32.7)
Recurrence
   Yes                                                  74 (24.5)          33 (22.4)        0.723
   No                                                 228 (75.5)        114 (77.6)
Survival
   Yes                                                276 (91.4)        134 (91.2)        1.000
   No                                                   26 (8.6)            13 (8.8)

CEA: Carcinoembryonic antigen; CT: computed tomography; GGN:
ground glass nodule; LY: lymphatic vessel invasion factor; NA: not
applicable; PL: pleural invasion factor, V: vascular invasion factor.



of tumor infiltration, the pN descriptor, and the V factor were
independent predictors of cancer recurrence (Table VIII).
Using the new histological grading system no independent
predictors of cancer recurrence were identified. 

Furthermore, due to evaluating and the revision of the
histological grading system, all 449 patients were re-
evaluated and were checked up on the changed grade (Table
II). From these, we analyzed the 147 cases that changed
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Figure 1. (A) Overall survival curve of all patients according to the conventional histological grading. The 5-year overall survival rates were 97.0%
in the cG1 group, 85.9% in the cG2 group, and 70.0% in the cG3 group (p<0.001). (B) Recurrence-free survival curve of all patients according to
the conventional histological grading. The 5-year recurrence-free survival rates were 94.0% in the cG1 group, 63.7% in the cG2 group, and 34.2%
in the cG3 group (p<0.001).

Figure 2. (A) Overall survival curve of all patients according to the new histological grading. The 5-year overall survival rates were 98.6% in the nG1
group, 88.5% in the nG2 group, and 69.7% in the nG3 group (p<0.001). (B) Recurrence-free survival curve of all patients according to the new histological
grading. The 5-year recurrence-free survival rates were 95.0% in the nG1 group, 69.1% in the nG2 group, and 45.1% in the nG3 group (p<0.001).



histological grade. Among the 147 patients, the 5-year
overall survival rates in the cG1, cG2, and cG3 groups (using
the conventional grading system) were 93.7% (95% CI:
81.4%-98.0%), 83.3% (95% CI: 65.7%-92.3%), and 82.9%

(95% CI: 54.5%-94.4%), respectively (p=0.081) (Figure
3A). The 5-year recurrence-free survival rates in the cG1,
cG2, and cG3 groups were 88.3% (95% CI: 75.5%-94.7%),
68.6% (95% CI: 46.4%-83.1%), and 34.8% (95% CI: 12.7%-
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Figure 3. (A) Overall survival curve of 147 patients who changed histological grade according to conventional histological grading. The 5-year
overall survival rates were 93.7% in the cG1 group, 83.3% in the cG2 group, and 82.9% in the cG3 group (p=0.081). (B) Recurrence-free survival
curve of 147 patients who changed histological grade according to conventional histological grading. The 5-year recurrence-free survival rates
were 88.3% in the cG1 group, 68.6% in the cG2 group, and 34.8% in the cG3 group (p<0.001).

Figure 4. (A) Overall survival curve of 147 patients who changed histological grade according to new histological grading. The 5-year overall
survival rates were 93.8% in the nG1 group, 91.1% in the nG2 group, and 79.0% in the nG3 group (p=0.208). (B) Recurrence-free survival curve
of 147 patients who changed histological grade according to new histological grading. The 5-year recurrence-free survival rates were 88.5% in
the nG1 group, 75.9% in the nG2 group, and 63.1% in the nG3 group (p=0.407).



58.3%), respectively (p<0.001) (Figure 3B). On the other
hand, the 5-year overall survival rates in the new nG1, nG2,
and nG3 groups (using the new grading system) were 93.8%
(95% CI: 63.2%-99.1%), 91.1% (95% CI: 80.8%-96.0%),
and 79.0% (95% CI: 55.3%-91.1%), respectively (p=0.208)
(Figure 4A). The 5-year recurrence-free survival rates in the
new nG1, nG2, and nG3 groups were 88.5% (95% CI:
61.4%-97.0%), 75.9% (95% CI: 63.6%-84.5%), and 63.1%
(95% CI: 37.6%-80.5%), respectively (p=0.407) (Figure 4B).

Next, receiver operating characteristic (ROC) curves were
drawn to compare the conventional with the new grading
system, so as to assess which grading system is more suitable

for identifying prognostic factors in all stages of completely
resected lung adenocarcinoma. The ROC curve of the 147
patients that changed histological grade with respect to overall
survival, showed that the area under the curve (AUC) was
0.636 (95% CI: 0.489-0.783) when using the conventional
grading system, and 0.603 (95% CI: 0.452-0.755) when using
the new grading system (p=0.738) (Figure 5A). The ROC
curve of 147 patients changed histological grade with respect
to recurrence-free survival, showed that the AUC were 0.710
(95% CI: 0.608-0.811) when using the conventional grading
system, and 0.567 (95% CI: 0.476-0.657) when using the new
grading system (p=0.035) (Figure 5B).

ANTICANCER RESEARCH 39: 1491-1500 (2019)

1496

Table III. Univariate analysis of factors influencing the survival of all patients after complete resection of the primary lung cancer.

Factors                                                        Comparison                                        Hazard ratio                                 95% CI                                 p-Value

Age                                                             ≥70 vs. <70 years                                    2.291                                   1.188-4.417                               0.013
Gender                                                        Male vs. female                                       2.070                                   1.048-4.087                               0.036
CT findings                                                Pure GGN vs. other                                 0.090                                   0.012-0.656                               0.017
Location                                                     Peripheral vs. other                                  0.717                                   0.349-1.474                               0.366
Histological grade (conventional)            cG2+3 vs. cG1                                         2.936                                   1.930-4.467                            <0.001
Histological grade (new)                           nG2+3 vs. nG1                                         3.271                                   2.020-5.299                            <0.001
pStage                                                         ≥II vs. I                                                     9.488                                   4.796-18.77                            <0.001
pT                                                               ≥2 vs. ≤1                                                  4.362                                   2.208-8.616                            <0.001
Invasive size of tumor                               >30 vs. ≤30 mm                                       3.790                                   2.018-7.117                            <0.001
pN                                                               ≥1 vs. 0                                                     2.347                                   1.624-3.392                            <0.001
PL                                                               Present vs. absent                                     4.111                                   2.189-7.719                            <0.001
V                                                                 Present vs. absent                                     6.942                                   3.450-13.97                            <0.001
LY                                                               Present vs. absent                                     5.355                                   2.609-10.99                            <0.001
Micropapillary                                           Present vs. absent                                     1.906                                   0.744-4.881                               0.1789
CEA                                                            ≥5 vs. <5 ng/ml                                        2.493                                   1.328-4.682                               0.004

CEA: Carcinoembryonic antigen; CI: confidence interval; CT: computed tomography; GGN: ground glass nodule; LY: lymphatic vessel invasion
factor; PL: pleural invasion factor; V: vascular invasion factor.

Table IV. Multivariate analysis of factors influencing the survival of all patients after complete resection of the primary lung cancer using the
conventional grading system.

                                                                   Comparison                                        Hazard ratio                                 95% CI                                 p-Value

pT                                                               ≥2 vs. ≤1                                                  2.560                                   1.240-5.288                               0.011
pN                                                               ≥1 vs. 0                                                     1.580                                   1.051-2.375                               0.028
Histological grade (conventional)            cG2+3 vs. cG1                                         2.023                                   1.259-3.249                               0.004

Table V. Multivariate analysis of factors influencing the survival of all patients after complete resection of the primary lung cancer using the new
grading system.

                                                                   Comparison                                        Hazard ratio                                 95% CI                                 p-Value

pT                                                               ≥2 vs. ≤1                                                  2.487                                   1.181-5.238                               0.016
pN                                                               ≥1 vs. 0                                                     1.585                                   1.041-2.413                               0.032
Histological grade (new)                           nG2+3 vs. nG1                                         2.176                                   1.270-3.726                               0.005
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Table VI. Univariate analysis of factors influencing the recurrence in all patients after complete resection of the primary lung cancer.

Factors                                                        Comparison                                        Hazard ratio                                 95% CI                                 p-Value

Age                                                             ≥70 vs. <70 years                                    1.143                                   0.778-1.679                               0.498
Gender                                                        Male vs. female                                        1.118                                   0.764-1.635                               0.567
CT findings                                                Pure GGN vs. other                                 0.162                                   0.066-0.400                            <0.001
Location                                                     Peripheral vs. other                                  0.794                                   0.512-1.231                               0.303
Histological grade (conventional)            cG2+3 vs. cG1                                         3.058                                   2.382-3.926                            <0.001
Histological grade (new)                           nG2+3 vs. nG1                                         2.689                                   2.028-3.567                            <0.001
pStage                                                         ≥II vs. I                                                     7.982                                   5.363-11.88                            <0.001
pT                                                               ≥2 vs. ≤1                                                  3.670                                   2.462-5.472                            <0.001
Invasive size of tumor                               >30 vs. ≤30 mm                                       3.645                                   2.473-5.371                            <0.001
pN                                                               ≥1 vs. 0                                                     2.734                                   2.214-3.376                            <0.001
PL                                                               Present vs. absent                                     2.836                                   1.926-4.174                            <0.001
V                                                                 Present vs. absent                                     5.014                                   3.379-7.441                            <0.001
LY                                                               Present vs. absent                                     5.744                                   3.667-8.996                            <0.001
Micropapillary                                           Present vs. absent                                     2.318                                   1.317-4.080                               0.004
CEA                                                            ≥5 vs. <5 ng/ml                                        2.471                                   1.688-3.618                            <0.001

CEA: Carcinoembryonic antigen; CI: confidence interval; CT: computed tomography; GGN: ground glass nodule; LY: lymphatic vessel invasion
factor; PL: pleural invasion factor; V: vascular invasion factor.

Table VII. Multivariate analysis of factors influencing the recurrence of all patients after complete resection of the primary lung cancer using the
conventional grading system.

Factors                                                        Comparison                                        Hazard ratio                                 95% CI                                 p-Value

Age                                                             ≥70 vs. <70 years                                    1.195                                   0.796-1.795                               0.391
Gender                                                        Male vs. female                                       1.161                                   0.768-1.758                               0.479
CT findings                                                Pure GGN vs. other                                 0.665                                   0.250-1.770                               0.414
Histological grade (conventional)            cG2+3 vs. cG1                                         1.826                                   1.354-2.464                            <0.001
Invasive size of tumor                               >30 vs. ≤30 mm                                       2.300                                   1.506-3.513                            <0.001
pN                                                               ≥1 vs. 0                                                     1.853                                   1.384-2.481                            <0.001
PL                                                               Present vs. absent                                     0.693                                   0.434-1.105                               0.124
V                                                                 Present vs. absent                                     2.221                                   1.288-3.832                            <0.001
LY                                                               Present vs. absent                                     1.216                                   0.619-2.390                               0.571
CEA                                                            ≥5 vs. <5 ng/ml                                        1.206                                   0.798-1.824                               0.374

CEA: Carcinoembryonic antigen; CI: confidence interval; CT: computed tomography; GGN: ground glass nodule; LY: lymphatic vessel invasion
factor; PL: pleural invasion factor; V: vascular invasion factor.

Table VIII. Multivariate analysis of factors influencing the recurrence of all patients after complete resection of the primary lung cancer using the
new grading system.

Factor                                                         Comparison                                        Hazard ratio                                 95% CI                                 p-Value

Age                                                             ≥70 vs. <70 years                                    1.182                                   0.787-1.776                               0.420
Sex                                                              Male vs. female                                       1.151                                   0.761-1.742                               0.505
CT findings                                                Pure GGN vs. other                                 0.591                                   0.221-1.581                               0.295
Histological grade (new)                           nG2+3 vs. nG1                                         1.292                                   0.891-1.888                               0.177
Invasive size of tumor                               >30 vs. ≤30 mm                                       2.498                                   1.641-3.802                            <0.001
pN                                                               ≥1 vs. 0                                                     1.973                                   1.472-2.647                            <0.001
PL                                                               Present vs. absent                                     0.739                                   0.459-1.189                               0.213
V                                                                 Present vs. absent                                     2.001                                   1.137-3.522                               0.016
LY                                                               Present vs. absent                                     1.510                                   0.771-2.956                               0.229
CEA                                                            ≥5 vs. <5 ng/ml                                        1.202                                   0.796-1.816                               0.382

CEA: Carcinoembryonic antigen; CI: confidence interval; CT: computed tomography; GGN: ground glass nodule; LY: lymphatic vessel invasion
factor; PL: pleural invasion factor; V: vascular invasion factor.



Discussion

In this study, the conventional histological grade, which is
based on tumor cell differentiation, was shown to be an
independent predictive factor of survival and recurrence in
patients at all stages of lung-invasive adenocarcinoma. The
conventional histological grading system was more
predictive for the prognosis of these patients compared to the
new grading system. In general, the most significant
predictor of recurrence and prognosis in NSCLC patients
arises from using the TNM staging system. As each stage
comprises a heterogeneous group of tumors with different
responses to treatment and overall outcomes, a tumor-related
biological prognostic factor would be very valuable for the
clinicians treating these patients. 

The histological grading could have important prognostic
implications (4, 12). Histological grade are correlated with an
unfavorable prognosis include cell differentiation and
vascular invasion (12). The 2004 World Health Organization
(WHO) classification (13) described the histological grade for
lung adenocarcinoma as: “Grading is based on conventional
histological criteria, including the extent to which the
architectural pattern of the tumor resembles that of the normal
lung tissue, and cytologic atypia grades 1, 2, and 3 refer to
well-, moderately, and poorly differentiated tumors,
respectively”. Thus, the degree of tumor cell differentiation,
including variations in histological architecture and cell
atypia, is an important determinant of tumor biological
malignancy in lung adenocarcimoma. The 2015 WHO
classification simply defined grade 1 (well differentiated and
lepidic predominant), grade 2 (moderately differentiated and
acinar or papillary predominant), and grade 3 (poorly
differentiated and solid or micropapillary predominant), based
on the single most predominant architectural pattern of the
adenocarcinoma (3). Sica et al. (5) proposed that the new
histological grading system provided a reliable method for the
classification of patients with stage I lung adenocarcinoma in
terms of disease-free survival, and it was more objective than
the conventional grading based on tumor differentiation.
Furthermore, recent data suggest that the poorly differentiated
solid and micropapillary histological subtypes are predictive
of a survival benefit when adjuvant chemotherapy is offered
to patients with surgically resected adenocarcinoma (14, 15).
However, although previous studies have demonstrated that
stage I adenocarcinoma can be prognostically stratified using
the architectural subtypes, the prognostic value of
architectural subtypes in more advanced stages of lung
adenocarcinoma remains unclear (8). 

Determination of accurate histological grading system might
be difficult. Lung-invasive adenocarcinoma consists of a
complex heterogeneous mixture of histological patterns. The
invasive adenocarcinoma subtypes are now classified
predominantly according to the greatest percentage of
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Figure 5. (A) Receiver operatorating characteristic (ROC) curve of 147
patients who changed histological grade according to overall survival.
The area under the curve (AUC) was 0.636 (95% CI: 0.489-0.783) in the
conventional grading system, and 0.603 (95% CI: 0.452-0.755) in the new
grading system (p=0.738). (B) ROC curve of 147 patients who changed
histological grade according to recurrence-free survival. The AUC was
0.710 (95% CI: 0.608-0.811) in the conventional grading system, and
0.567 (95% CI: 0.476-0.657) in the new grading system (p=0.035).



histological component subtypes (4). This predominant
subtype classification might not reflect the progressive phase
of the invasive adenocarcinoma (16, 17). Ito et al. (16)
reported that acinar or papillary predominant
adenocarcinoma with no lepidic characteristics exhibits a
significantly poor prognosis compared to acinar or papillary
predominant adenocarcinoma with lepidic characteristics. it
appears that this definition is still problematic for the grading
of lung adenocarcinoma using separately architectural and
nuclear approaches or their combination as there may be a
divergence between the two grading systems in quite a large
number of cases. For example, a tumor composed of the
major components of a lepidic pattern with low cytological
atypia and the minor components of a solid pattern with high
cytological atypia is classified as G3 using the conventional
system, while it is classified as G1 using the new system (4,
16, 17). In this study, several pathologists determined the
histological grades of lung adenocarcinoma, focusing on cell
differentiation in the period between 2010-2016. The
conventional histological grade, based on tumor cell
differentiation, was an independent predictor of prognosis
and recurrence for all stages.

The TNM classification does not always accurately reflect
the tumor cell biological malignancy because of the clinical,
pathological, and molecular heterogeneity. Lung adeno-
carcinoma is the most prevalent pathologic type of NSCLC,
and it comprises a heterogeneous mixture of histologic
patterns with a broad spectrum of malignant behaviors. Alas,
the histological grade, especially when using the
conventional grading system, might reflect not only the
prognosis, but also the therapeutic efficacy following
recurrence. It is true that new grading system for lung
invasive adenocarcinoma could be one of the prognostic
factors (5-7). However, the conventional grading system
might be more suitable for the prognosis of lung
adenocarcinoma and cancer recurrence. The new grading
system can uniformly offer diagnosis based on the
architectural subtypes of lung adenocarcinoma, while the
conventional histological grading system can reflect the
exact biological malignancy of invasive lung
adenocarcinoma based on fitting diagnoses from experienced
pathologists. We have previously reported that the
conventional histological grade could reflect the biological
malignancy of NSCLC and could provide as a simple
biomarker for NSCLC in all stages (18). Therefore, we
speculate that the conventional histological grading system
provides acceptable prognosis and beneficial prediction for
adjuvant chemotherapy and for all the stages of resectable
NSCLC. 

This study has two main limitations: its retrospective
design and its small sample size. More validation studies are
needed before an appropriated grading system can be
recommended for lung invasive adenocarcinoma. 

In summary, we found that conventional histological
grading is a prognostic factor for completely resected lung-
invasive adenocarcinoma, despite the limitations of this
study. Future studies should perform additional investigation
of histological grading to determine a simple and clear-cut
classification that offers optimal prognosis or treatment. 
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