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Abstract

The IASLC/ATS/ERS has recently proposed a new lung adenocarcinoma classification. We 

investigated whether nuclear features can stratify prognostic subsets. Slides of 485 stage I lung 

adenocarcinoma patients were reviewed. We evaluated nuclear diameter, nuclear atypia, nuclear/

cytoplasmic ratio, chromatin pattern, prominence of nucleoli, intranuclear inclusions, mitotic 

count/10 high-power fields (HPF) or 2.4 mm2, and atypical mitoses. Tumors were classified into 

histologic subtypes according to the IASLC/ATS/ERS classification and grouped by architectural 

grade into low (adenocarcinoma in situ, minimally invasive adenocarcinoma or lepidic 

predominant), intermediate (papillary or acinar), and high (micropapillary or solid). Log-rank tests 

and Cox regression models evaluated the ability of clinicopathologic factors to predict recurrence-

free probability. In univariate analyses, nuclear diameter (p=0.007), nuclear atypia (p=0.006), 

mitotic count (p<0.001), and atypical mitoses (p<0.001) were significant predictors of recurrence. 

The recurrence-free probability of patients with high mitotic count (≥5/10HPF: n=175) was the 

lowest (5-year recurrence-free probability=73%), followed by intermediate (2–4/10HPF: n=106, 

80%), and low (0–1/10HPF: n=204, 91%, p<0.001). Combined architectural/mitotic grading 
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system stratified patient outcomes (p<0.001): low grade (low architectural grade with any mitotic 

count and intermediate architectural grade with low mitotic count: n=201, 5-year recurrence-free 

probability=92%), intermediate grade (intermediate architectural grade with intermediate-high 

mitotic counts: n=206, 78%), and high grade (high architectural grade with any mitotic count: 

n=78, 68%). The advantage of adding mitotic count to architectural grade is in stratifying patients 

with intermediate architectural grade into two prognostically distinct categories (p=0.001). After 

adjusting for clinicopathologic factors including sex, stage, pleural/lymphovascular invasion, and 

necrosis, mitotic count was not an independent predictor of recurrence (p=0.178). However, 

patients with the high architectural/mitotic grade remained at significantly increased risk of 

recurrence (high vs. low: p=0.005) after adjusting for clinical factors. We proposed this combined 

architectural/mitotic grade for lung adenocarcinoma as a practical method that can be applied in 

routine practice.
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Introduction

Adenocarcinoma is the most frequent histologic type of lung cancer in most countries.1 

Increasing evidence suggests that morphologic characteristics, such as architectural and 

nuclear features, of lung adenocarcinoma can stratify tumors with respect to prognosis.2–10 

The newly proposed International Association for the Study of Lung Cancer (IASLC) / 

American Thoracic Society (ATS) / European Respiratory Society (ERS) International 

Multidisciplinary Classification of Lung Adenocarcinoma clearly emphasizes the prognostic 

significance of histologic subtypes in lung adenocarcinoma,11 a finding that has been 

validated in independent datasets.12, 13

The utility of a grading system based on nuclear features has already been established in 

other carcinomas, such as breast,14, 15 kidney,16 and bladder.17, 18 Although previous studies 

have demonstrated the prognostic value of nuclear features in lung adenocarcinoma,5, 7 a 

method incorporating architectural and nuclear features into a clinically prognostic grading 

system has not been established in lung adenocarcinoma. We herein report our findings of 

nuclear features in predicting recurrence based on comprehensive pathologic review of 485 

patients diagnosed with stage I lung adenocarcinoma. The aim of this study is to develop a 

grading system based on architectural (histologic subtyping) and nuclear features that can 

predict recurrence in stage I lung adenocarcinoma patients. Our goal is to identify patients 

with early stage lung adenocarcinoma who are at high risk for recurrence in order to 

improve classification of patients for future clinical trials.

Materials and methods

Patients

Clinical data for 485 patients diagnosed with pathologic stage I lung adenocarcinoma 

between 1995 and 2005 at Memorial Sloan-Kettering Cancer Center was collected through 
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the Division of Thoracic Service, Department of Surgery and Pathology database. Internal 

review board approval was obtained for this study. Variables recorded in the prospectively 

maintained database included age, gender, smoking history, laterality of disease, surgical 

procedure, and tumor-nodal-metastasis (TNM) stage. Patients were staged according to the 

seventh edition of the American Joint Committee on Cancer TNM Staging Manual for lung 

cancers.19

The cases in this study were included in a previous report by Yoshizawa et al. to validate the 

newly proposed IASLC/ATS/ERS Lung Adenocarcinoma Classification (n=514),12 and a 

subset of these cases was previously reported by Sica et al. to propose a grading system 

based on tumor architecture (n=366).4 In the current study, twelve tumors of invasive 

mucinous adenocarcinoma and 9 tumors of colloid adenocarcinoma were excluded from the 

original dataset because both subtypes had distinctly different morphology, in particular 

nuclear characteristics, and worse prognosis,11, 12 so this study is focused on nonmucinous 

adenocarcinomas. In invasive mucinous adenocarcinoma, nuclear atypia is usually 

inconspicuous or absent. Colloid adenocarcinoma shows abundant extracellular mucin 

pools, in which tumor cells may be inconspicuous.11, 12

Histologic evaluation

All available hematoxylin and eosin (H&E) stained slides of all lung adenocarcinoma 

patients were reviewed by a pathologist (K.K.), and problem cases were reviewed by two 

pathologists (K.K. & W.D.T.). For each case, we evaluated (1) nuclear diameter, (2) nuclear 

atypia, (3) nuclear/cytoplasmic (N/C) ratio, (4) chromatin pattern, (5) prominence of 

nucleoli, (6) intranuclear inclusions, (7) mitotic count, and (8) atypical mitoses.

Nuclear features were evaluated using high-power field (HPF) at ×400 magnification (0.237 

mm2 field of view) using an Olympus BX51 microscope (Olympus, Tokyo, Japan) with a 

standard eyepiece of 22 mm diameter. All nuclear features were assessed in the region of the 

tumor with the greatest abnormal features after scanning through the entire set of tumor 

slides at intermediate-power (×100) magnification. Mitoses were evaluated in the 50 HPF 

areas with the highest mitotic activity5, 20–22 and counted as an average of mitotic figures 

per 10 HPF (2.4 mm2 area).21

For nuclear diameter, we selected at least 3 HPF with the largest nuclei, and evaluated 

average nuclear diameter among at least 100 tumor cells using as reference nearby small 

lymphocytes, which typically measure approximately 4.0 μm,9 and classified it as follows: 

small nuclei – nuclear diameter ≤ 3 small lymphocytes (Figure 1A), intermediate nuclei – 3 

small lymphocytes < nuclear diameter ≤ 5 small lymphocytes (Figure 1B), and large nuclei – 

nuclear diameter > 5 small lymphocytes (Figure 1C). 8, 9 Nuclear atypia was recorded in the 

area of tumor with the highest degree of atypia and greater than 5% of the entire tumor area 

needed to be affected. The degree of atypia was assessed as follows: mild atypia - uniform 

nuclei in size and shape (Figure 1A), moderate atypia - nuclei in intermediate size with 

slight irregularity in shape (Figure 1B), and severe atypia - enlarged nuclei of varied sizes 

and irregular contours, with some nuclei at least twice as large as others (Figure 

1D).5–7, 15, 17 N/C ratio was graded as the following 3 categories: low N/C ratio - less than 

1/3 nucleus to cytoplasm area (Figure 1B), intermediate - 1/3–2/3 (Figure 1A), and high - 
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more than 2/3 (Figure 1E). Chromatin pattern was graded as the following 3 categories: 

homogeneous (Figure 1E), finely granular (Figure 1A), and coarsely granular (Figure 

1D).3, 23 Prominence of nucleoli was graded as the following 3 categories: indistinct – 

inconspicuous at intermediate-power (×100) magnification (Figure 1E), distinct – 

conspicuous at intermediate-power magnification (Figure 1A), and large – larger than the 

size of a small lymphocyte (Figure 1D). Intranuclear inclusions were determined as present 

or absent in an examination of 50 HPF (Figure 1F).24

We used the following criteria to distinguish mitotic figures from pyknotic cells: absence of 

a nuclear membrane or a central clear zone, presence of hairy rather than triangular or spiky 

projections and cytoplasmic basophilia rather than eosinophilia.22 Areas of necrosis and 

prominent stromal fibrosis or inflammation were avoided whenever possible. Tumors were 

graded into the following 3 groups by mitotic count: low - 0–1/10HPF, intermediate - 2–

4/10HPF, and high - ≥ 5/10HPF. Atypical mitoses were defined as presence of abnormal 

chromosome spread, tripolar or quadripolar forms, circular, or bizarre forms.25 Atypical 

mitoses were considered present if any were observed after examination of 50 HPF (Figure 

1C). 24

Histological subtyping was done according to the IASLC/ATS/ERS classification of lung 

adenocarcinoma.11 Each tumor was previously reviewed using comprehensive histological 

subtyping, recording the percentage of each histological component in 5% increments.12 

Tumors were classified as (1) adenocarcinoma in situ, (2) minimally invasive 

adenocarcinoma, (3) lepidic predominant, (4) papillary predominant, (5) acinar predominant, 

(6) micropapillary predominant, and (7) solid predominant. The predominant pattern was 

defined as the morphological subtype in greatest proportion. In addition, tumors were 

classified according to the architectural grading system based on histologic subtype.4, 12 as 

(1) low grade – adenocarcinoma in situ, minimally invasive adenocarcinoma or lepidic 

predominant; (2) intermediate grade – papillary or acinar; (3) high grade – micropapillary or 

solid. Although adenocarcinoma in situ and minimally invasive adenocarcinoma should 

have favorable prognosis, these cases were included to validate their nuclear characteristics, 

which have not been reported in detail.

We also investigated several histological features: (1) visceral pleural invasion was 

classified as absent (PL0) or present (PL1, PL2)19, (2) presence of lymphatic and vascular 

invasion was also noted if at least one tumor cell cluster was visible in a lymphatic vessel, 

vein or artery, respectively, and (3) necrosis was classified as present or absent.

Tissue Microarray

Formalin-fixed, paraffin-embedded tumor specimens were used for tissue microarray 

construction. Briefly, four representative tumor areas were marked on H&E stained slides, 

and cylindrical 0.6-mm tissue cores were arrayed from the corresponding paraffin blocks 

into a recipient block using an automated tissue arrayer ATA-27 (Beecher Instruments, Inc, 

Sun Prairie, WI), resulting in 7 tissue microarray blocks. From each tissue microarray, 4-

μm-thick paraffin sections were prepared for immunohistochemistry. In all, 435 cases with 

adequate cores were available for immunohistochemical analysis.
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Immunohistochemistry and scoring of Ki-67

Briefly, 4-μm sections from the tissue microarray blocks were deparaffinized in xylene and 

dehydrated in graded alcohols. Standard avidin–biotin complex peroxidase technique was 

used for immunohistochemical stain of anti-Ki-67 antibody (clone MIB-1, Immunotech, 

Westbrook, ME; diluted at 1:100). Sections were stained using a Ventana Discovery XT 

automated immunohistochemical stainer (Ventana, Tucson, AZ) according to 

manufacturer’s guidelines. Diaminobenzidine was used as the chromogen and hematoxylin 

as the nuclear counterstain. Positive control tissues were stained in parallel with the study 

cases.

Ki-67 proliferation index was recorded as the percentage of tumor cells with nuclear positive 

immunostaining in each tissue microarray core. The average percentage of the tumor cores 

were considered as Ki-67 proliferation index for each patient. Tumors were classified into 

the following 2 groups by Ki-67 proliferation index using the mean value:26 low - <10%, 

and high - ≥ 10%.

Statistical analysis

Associations between clinicopathologic variables and histologic and nuclear findings were 

analyzed using Fisher exact test for categorical variables and Wilcoxon test for continuous 

variables. The main outcome of interest was recurrence-free probability. Patients were 

followed up from the time of surgery to documented recurrence, and censored at date of 

death or last follow-up, if no recurrence had occurred. Previous studies we have published 

from these cases examined the outcome of disease-free survival,4, 12 which incorporates 

both recurrence and death from lung cancer as events. Because establishing cause of death in 

low grade tumors can be difficult and subject to uncertainty, here we only focus on 

recurrence only. Recurrence-free probability was estimated using the Kaplan-Meier method 

and non-parametric group comparisons were performed using the log-rank test. Multivariate 

analyses were performed using Cox proportional hazards regression. We first examined the 

univariate association between each nuclear feature and recurrence-free probability to 

determine candidate variables for inclusion in a multivariate model. Next, we used a 

Spearman correlation matrix to examine the correlation between nuclear features. We 

examined the features significant (p < 0.05) on univariate analysis in a multivariate model. 

Nuclear features that remained significant in multivariate analysis were combined with 

architectural grade to form a combined architectural/nuclear grading system based on 5-year 

recurrence-free probability. Clinicopathologic variables were included in multivariate 

analysis of the architectural/nuclear grading system if they were significantly associated 

with recurrence-free probability in univariate analysis.

Since bias can be introduced into survival analysis through censoring patients who died, a 

sensitivity analysis was performed using competing risks. The competing risk of death from 

any cause did not have a significant association with any nuclear features or architectural 

grade in univariate analysis. Furthermore, associations between nuclear features, 

architectural grade, and clinicopathologic variables with recurrence in the presence of death 

from any cause as a competing risk did not differ from the associations found through 

survival analysis. Therefore, only the recurrence analysis results are presented here.
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All p values were based on two-tailed statistical analysis, and a p value < 0.05 was 

considered to indicate statistical significance. Statistical analyses were conducted using SAS 

version 9.2 (SAS Institute, Cary, NC) and R (R Development Core Team, 2010), including 

the ‘survival’ and ‘cmprsk’ packages.

Results

Patient demographics

Patient demographics are outlined in Table 1. The study cohort consisted of 485 stage I lung 

adenocarcinoma patients with a median age of 69 years (range: 33–89), 37% (n=179) of 

whom were males. A majority of the patients (71%; n=346) were former smokers, with 14% 

(n=67) current smokers. The tumor involved the left lung in 42% (n=205) of the cases. By 

surgical procedure, 10% (n=48) underwent wedge resection, 6% (n=30) underwent 

segmentectomy, and the remaining 84% had lobectomy (n=403), bilobectomy (n=3) or 

pneumonectomy (n=1). The distribution of T stage consisted of 42% (n=205) T1a, 20% 

(n=95) T1b, and 38% (n=185) T2. By pathologic stage, there were 62% (n=300) stage IA 

patients and 38% (n=185) stage IB. A minority of tumors had evidence of pleural invasion, 

with 17% PL1 (n=83) and 4% PL2 (n=18). Lymphatic invasion was detected in 29% 

(n=139), vascular invasion in 30% (n=145), and necrosis in 19% (n=94). The median 

follow-up period for patients who did not recur was 53.0 months (range: 0.3 – 160.0). 

Seventy-eight experienced disease recurrence; 107 patients died during the study time 

without documented recurrence

In univariate analysis, male gender (p=0.001), higher stage (stage IB: p<0.001), pleural 

invasion (p=0.008), lymphatic invasion (p<0.001), vascular invasion (p<0.001), and necrosis 

(p<0.001) were associated with lower recurrence-free probability (Table 1).

Association between nuclear features and recurrence

Among the nuclear features examined, nuclear diameter (p=0.007), nuclear atypia 

(p=0.006), mitotic count (p<0.001), and atypical mitoses (p<0.001) were shown to be 

significantly associated with recurrence-free probability in univariate analyses (Table 2). 

The recurrence-free probability of patients with large nuclear diameter (n=103) was the 

lowest (5-year recurrence-free probability=74%), followed by intermediate (n=150, 82%), 

and small (n=232, 86%, p=0.007). The recurrence-free probability of patients with severe 

atypia (n=115) was the lowest (5-year recurrence-free probability=75%), followed by 

moderate (n=139, 81%), and mild (n=231, 87%, p=0.006). Mitotic count ranged from 0 to 

43 per 10 HPF (median=2.0; mean±SD=5.1±6.8). The recurrence-free probability of patients 

with high mitotic count (n=175) was the lowest (5-year recurrence-free probability=73%), 

followed by intermediate (n=106, 80%), and low (n=204, 91%, p<0.001) (Figure 2A). The 

presence of atypical mitoses (n=123) was associated with lower 5-year recurrence-free 

probability (72%) compared to their absence (n=362, 86%, p<0.001). There was a trend for 

an association between recurrence-free probability and N/C ratio (p=0.068), chromatin 

pattern (p=0.092), and prominence of nucleoli (p=0.059). Intranuclear inclusions were not 

associated with recurrence-free probability.
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Among the nuclear features, significant positive correlations were identified between: (1) 

nuclear diameter and nuclear atypia (p<0.001), (2) prominence of nucleoli and chromatic 

pattern (p<0.001), and (3) mitotic count and atypical mitoses (p<0.001). In a multivariate 

analysis including nuclear diameter, prominence of nucleoli, and mitotic count, only mitotic 

count had a significant independent association with risk of recurrence (high vs. low: hazard 

ratio [HR] =3.77, 95% confidence interval [CI] =1.91–7.44, p<0.001, intermediate vs. low: 

HR=2.55, 95% CI=1.24–5.26, p=0.010). Therefore, all subsequent analyses focused on the 

role of mitotic count.

Higher mitotic count was significantly associated with older age (>65 years: p=0.002), 

smoking history (p<0.001), higher stage (stage IB: p<0.001), pleural invasion (p<0.001), 

lymphatic invasion (p<0.001), vascular invasion (p<0.001), and necrosis (p<0.001, Table 1).

Association between histologic subtypes and recurrence

The histologic subtypes and their association with recurrence-free probability are shown in 

Table 1. By the IASLC/ATS/ERS classification, patients with adenocarcinoma in situ (n=1) 

or minimally invasive adenocarcinoma (n=8) experienced the highest recurrence-free 

probability with 100% at 5-years, followed by lepidic predominant tumors (n=27, 5-year 

recurrence-free probability=89%), papillary (n=140, 83%), acinar (n=231, 85%), 

micropapillary (n=12, 64%), and solid predominant adenocarcinomas (n=66, 69%). The 

architectural grading system based on histologic subtype stratifies patients into high grade 

(micropapillary or solid: 5-years recurrence-free probability=68%), intermediate grade 

(papillary or acinar: 84%), and low grade (adenocarcinoma in situ, minimally invasive 

adenocarcinoma or lepidic predominant: 92%, p<0.001, Figure 2B).

Association between architectural (histologic subtype) and nuclear (mitotic count) grade

In 352 (73%) of all tumors, nuclear features with the greatest abnormality and mitotic count 

with the highest mitotic activity were mainly evaluated in the area of the first predominant 

histologic pattern: 8 in lepidic, 91 in papillary, 175 in acinar, 12 in micropapillary, and 66 in 

solid pattern. In 98 (20%) tumors, nuclear features and mitotic count were evaluated in the 

area of the second predominant histologic pattern: 10 in papillary, 41 in acinar, 6 in 

micropapillary, and 41 in solid pattern.

Higher mitotic count was significantly associated with histologic subtype (p<0.001) and 

architectural grade (p<0.001, Table 1). Among tumors with low architectural grade (n=36), 

32 (89%) had low mitotic counts. In contrast, among tumors with high architectural grade 

(n=78), 58 (74%) had high mitotic count. Among tumors with intermediate architectural 

grade (n=371), there were 165 (45%) tumors with low mitotic count, 91 (25%) with 

intermediate mitotic count, and 115 (31%) with high mitotic count. Among tumors with 

intermediate architectural grade and high mitotic count (n=115), 42 (37%) had high 

architectural grade histology as a second predominant pattern. In contrast, among tumors 

with intermediate architectural grade and low mitotic count (n=165), only 18 (11%) had 

high architectural grade histology as the second predominant pattern.
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Combined architectural/mitotic grading system based on a combination of architectural 
(histologic subtype) and nuclear (mitotic count) grading

We next investigated whether mitotic count can further stratify patient outcome within each 

grade based on histologic subtype. Within the low grade histologic subtype, there was no 

significant difference of recurrence-free probability between low mitotic count (n=32, 5-year 

recurrence-free probability=91%) and the intermediate – high mitotic count combined group 

(n=4, 100%, p=0.569). Within the intermediate architectural grade, patients with low mitotic 

count (n=165) had higher 5-year recurrence-free probability (92%) compared to the 

intermediate (n=91, 77%) – high mitotic count (n=115, 79%, p=0.001) (Figure 2C). Within 

the high architectural grade, patients with high mitotic count (n=58) had lower 5-year 

recurrence-free probability (60%) compared to the low (n=7, 86%) – intermediate mitotic 

count (n=13, 100%, p=0.044, Figure 2D). Despite the high recurrence-free probability for 

patients with high architectural grade with low/intermediate mitotic count, the small sample 

size may result in unstable estimates and these patients are likely more similar to other high 

grade patients with regard to recurrence.

From these observations, we constructed a combined architectural/mitotic grading system 

that classifies patients with regard to recurrence risk as (1) low architectural/mitotic grade 

that consists of low architectural grade with any mitotic count (5-year recurrence-free 

probability =91–100%) and intermediate architectural grade with low mitotic count (92%), 

(2) intermediate architectural/mitotic grade that consists of intermediate architectural grade 

with intermediate-high mitotic count (77–79%), and (3) high architectural/mitotic grade 

which consists of high architectural grade with any mitotic count (60–100%) (Figure 3). 

Patients in the high architectural/mitotic grade (n=78) had the lowest 5-year recurrence-free 

probability (68%), followed by intermediate (n=206, 78%) and low (n=201, 92%, p<0.001, 

Figure 4).

Multivariate analysis adjusting for clinicopathologic factors

After adjusting for clinicopathologic factors including sex, stage, pleural/lymphovascular 

invasion, and necrosis, mitotic count was not an independent predictor of recurrence 

(p=0.178). However, patients with the high architectural/mitotic grade remained at 

significantly increased risk of recurrence (high vs. low: p=0.005) after adjusting for clinical 

factors. In addition, male gender (p=0.003) and necrosis (p=0.001) were independent 

predictors of decreased recurrence-free probability in the multivariate model (Table 3). 

Furthermore, architectural/mitotic grade remained an independent predictor of recurrence 

even after excluding adenocarcinoma in situ and minimally invasive adenocarcinoma cases 

(p=0.024).

Association between Ki-67 proliferation index and recurrence, mitotic count, and 
histologic subtype

Ki-67 proliferation index ranged from 0 to 78% (median=5, mean±SD=10±14). Patients 

with high Ki-67 proliferation index (n=141) had significantly lower recurrence-free 

probability (5-year recurrence-free probability=72%) than those with low Ki-67 proliferation 

index (n=294, 88%, p<0.001). When looking at Ki-67 proliferation index and mitotic count 

as a continuous variable, a moderately significant positive correlation was found (r=0.581, 
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p<0.001). Tumors with high mitotic count (n=157) had the highest Ki-67 proliferation index 

(mean±SD=19.5±18.2), followed by intermediate (n=95, 7.9±7.6), and low (n=183, 3.7±3.8, 

p<0.001). Tumors with high architectural grade (n=68) had the highest Ki-67 proliferation 

index (mean±SD=20.2±19.5), followed by intermediate (n=334, 9.0±11.8), and low (n=33, 

2.9±2.7, p<0.001).

When Ki-67 proliferation index replaced mitotic count in the combined grade, combined 

architectural/Ki-67 grade with the intermediate histology separated by high/low Ki-67 

proliferation index had a tendency to correlate with increased risk of recurrence in 

multivariate analysis adjusting for clinicopathologic factors (p=0.068).

Discussion

In this study we have demonstrated that mitotic count is a prognostic factor in stage I lung 

adenocarcinoma and it further stratifies patients with intermediate architectural grade tumors 

with respect to their risk of recurrence. In addition, our proposed combined architectural/

mitotic grading system is an independent predictor of recurrence after adjusting for 

clinicopathologic factors. The architectural grading comes directly from the histologic 

subtyping according to the 2011 IASLC/ATS/ERS Lung Adenocarcinoma Classification 

according to the single predominant pattern.4, 11, 12

Compared to other nuclear features we examined, mitotic count was the single most 

important predictor of recurrence in stage I lung adenocarcinoma patients. This result is 

consistent with the importance of mitotic count in prior studies of lung cancer including 

neuroendocrine tumors,6, 7, 10, 21 as well as carcinomas of the breast,14, 15, 20 and bladder,18 

in addition to soft tissue sarcomas.27, 28 In one study, mitotic counts were not found to be 

predictive of survival in lung adenocarcinoma.5 This may be due to different methods of 

interpretation or the higher thresholds that were analyzed to stratify the mitotic counts. More 

importantly, mitotic count was able to identify subsets of intermediate architectural grade 

that were at favorable versus unfavorable risk of recurrence. This is of notable importance as 

the intermediate grade histologic subtype, the most problematic in terms of treatment 

management, comprises 76% of the cases in our series. A similar high percentage (55%) of 

the intermediate architectural grade adenocarcinomas was recently reported by Yoshizawa et 

al.13 While histologic subtyping alone yielded three significant prognostic architectural 

grades (low, intermediate, and high with 5-year recurrence-free probability 92%, 84%, and 

68%, respectively), there is a need to further stratify prognostic subsets of adenocarcinomas 

with an intermediate architectural grade. By comparison, our proposed combined 

architectural/mitotic grading system, which is based on a combination of architectural 

(histologic subtype) and nuclear (mitotic count) grading, yielded three groups of low 

(n=201), intermediate (n=206), and high (n=78) grade patients with similarly distinct 5-year 

recurrence-free probability (92%, 78%, and 68%, respectively).

Proliferation index using anti-Ki-67 antibody has also been used to predict outcome of lung 

adenocarcinoma patients.26, 29, 30 It has also been correlated with tumor differentiation of 

lung adenocarcinomas,31 but not in the context of precise criteria for architectural grading or 

in comparison with mitotic counts where they have been demonstrated in combination to be 
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an independent predictor of prognosis. Our finding that the Ki-67 proliferation index 

correlated with mitotic counts as well as recurrence is supportive of the importance of 

mitotic counts as a measure of adenocarcinoma aggressiveness. It also confirms previously 

reported associations between Ki-67 proliferation index, mitotic count, and prognosis in 

lung cancer.29, 30, 32 However, an advantage of the mitotic count is that it can be determined 

using H&E slides within routine clinical work without the need for immunohistochemistry.

Nuclear grade based on nuclear atypia or mitotic count has been associated with TNM stage 

and aggressive tumor features such as invasiveness in lung9, 23, breast33, and bladder 

cancer.18 These associations are consistent with our results, where mitotic count was 

significantly associated with older age, smoking history, higher stage, pleural invasion, 

lymphatic invasion, vascular invasion, necrosis, and higher architectural grade. These 

observations reflect aggressive tumor biology of lung adenocarcinoma with higher mitotic 

counts. However, mitotic counts have not been examined in lung adenocarcinomas graded 

with specific architectural criteria as derived from the histologic subtypes of the 

IASLC/ATS/ERS adenocarcinoma classification.11, 12

In addition to mitotic count, we examined other nuclear features and observed that greater 

nuclear diameter, more severe nuclear atypia, and atypical mitoses were associated with 

lower recurrence-free probability. While coarse chromatin pattern and prominence of nuclei 

have been considered as criterion for nuclear atypia in addition to nuclear size and 

irregularity,5, 16, 17, 33 there was only a trend for an association between recurrence-free 

probability and chromatin pattern or prominence of nuclei in our study.

A criticism of the evaluation of nuclear features is that there can be significant interobserver 

variability regarding nuclear atypia,14 mitoses,34 and atypical mitoses.35 Therefore, 

standardized and robust definitions, which we have rigorously applied in this study, are 

necessary if prognostic significance is accorded to the findings of those factors. Another 

important factor is careful review of all tumor slides at an intermediate magnification (×100) 

to identify the areas with highest nuclear grade. To minimize interobserver variability, 

Nakazato et al.9 and Petersen et al.8 recommended that the size of intermingled small 

lymphocytes be used to evaluate nuclear area and nuclear diameter as an internal control. 

The criteria for mitoses and atypical mitoses were clearly described in previous reports,22, 25 

which were noted in the methods of our study. In some studies, nuclear morphometry, such 

as nuclear diameter, nuclear area and nuclear irregularity, has been evaluated using 

analytical computer software.9, 36 Although digital assessment of nuclear morphometry 

allows for a more objective evaluation of nuclear atypia, such an application is not practical 

for routine pathologic examination.

In recent years, several attempts have been made to develop an improved histologic 

classification in lung adenocarcinoma to improve therapeutic decision making beyond 

current practice standards and further stratify patients for clinical trials.2–11 There have also 

been several reports suggesting that molecular features are prognostic.37, 38 However, most 

of the molecular studies require special techniques and increase costs and the prognostic 

significance of molecular markers has not been compared with the outcome predicted by the 

newly proposed adenocarcinoma histologic classification. Our proposed approach by review 
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H&E stained slides can be performed with standard histopathologic techniques and 

incorporated into routine pathologic diagnosis of resected lung adenocarcinoma. This 

study’s comprehensive analysis of nuclear features of lung adenocarcinoma suggests that 

mitotic count is the most important nuclear feature that predicts recurrence. We propose a 

combined grading system based on architectural grade (histologic subtype) and mitotic 

count that efficiently stratifies stage I lung adenocarcinoma patients for their risk of 

recurrence. Most pathologists are familiar with grading systems based on nuclear features 

such as nuclear atypia and mitotic count, since similar methods are applied to carcinomas in 

other organs, such as breast,14, 15 kidney,16 and bladder.17, 18 The identification of those 

patients with stage I lung adenocarcinoma who are at high risk for recurrence provides 

important information for clinical management. While several previous clinical trials 

applying adjuvant chemotherapy to stage I NSCLC patients found no benefit from 

treatment,39, 40 the use of adjuvant chemotherapy for those stage I lung adenocarcinoma 

patients at high risk of recurrence, as identified by our combined architectural/mitotic 

grading system, could improve their survival. Translation of our proposed system is 

practical and can be readily applied in routine practice without the need for special studies. 

Therefore, it would be of great interest for this proposal to be tested further in future clinical 

trials to stratify stage I adenocarcinomas patients for adjuvant therapy.
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Figure 1. Nuclear features of lung adenocarcinoma (hematoxylin and eosin stain; original 
magnification, ×400: A–E, ×600: F)
(A) Tumor cells showing mild nuclear atypia with small nuclei, intermediate nuclear/

cytoplasmic (N/C) ratio, fine granular chromatin, and distinct nucleoli. (B) Tumor cells 

showing moderate nuclear atypia with intermediate size nuclei, and low N/C ratio. (C) 

Tumor cells showing large nuclei with atypical mitosis (arrow). (D) Tumor cells showing 

severe nuclear atypia with coarse granular chromatin, and large nucleoli. (E) Tumor cells 

showing high N/C ratio, homogeneous chromatin, and indistinct nucleoli. (F) Tumor cells 

with intranuclear inclusion (arrow).
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Figure 2. Recurrence- free probability (RFP) by mitotic count and architectural grade
(A) The recurrence-free probability of patients with high mitotic count (n=175) was the 

lowest (5-year recurrence-free probability=73%), followed by intermediate (n=106, 80%), 

and low (n=204, 91%). (B) The recurrence-free probability of patients with high 

architectural grade (n=78) was the lowest (68%), followed by intermediate (n=371, 84%), 

and low (n=36, 92%). (C) Within the intermediate architectural grade, patients with low 

mitotic count (n=165) had higher 5-year recurrence-free probability (92%) compared to the 

intermediate (n=91, 77%) – high mitotic count (n=115, 79%). (D) Within the high 

architectural grade, patients with high mitotic count (n=58) had lower 5-year recurrence-free 

probability (60%) compared to the low (n=7, 86%) – intermediate mitotic count (n=13, 

100%).
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Figure 3. Overall grade grouping based on recurrence-free probability (RFP) by architectural 
grade and mitotic count
Low architectural/mitotic grade: low architectural grade with any mitotic count (5-year 

recurrence-free probability=91–100%) and intermediate architectural grade with low mitotic 

count (92%). Intermediate architectural/mitotic grade: intermediate architectural grade with 

intermediate-high mitotic count (77–79%). High architectural/mitotic grade: high 

architectural grade with any mitotic count (60–100%).
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Figure 4. Recurrence-free probability (RFP) by architectural/mitotic grading system
Patients with the high architectural/mitotic grade (n=78) had the lowest 5-year recurrence-

free probability (68%), followed by intermediate (n=206, 78%) and low (n=201, 92%).
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Table 2

Association between nuclear features and recurrence

Variables N % 5-yr RFP (%) p value

Nuclear diameter 0.007

 Small 232 48 86

 Intermediate 150 31 82

 Large 103 21 74

Nuclear atypia 0.006

 Mild 231 48 87

 Moderate 139 29 81

 Severe 115 24 75

Nuclear/cytoplasmic ratio 0.068

 Low/ Intermediate 391 81 80

 High 94 19 91

Chromatin pattern 0.092

 Homogeneous 85 18 87

 Fine granular 229 47 83

 Coarse granular 171 35 79

Prominence of nucleoli 0.059

 Indistinct 133 27 87

 Distinct 217 45 82

 Large 135 28 87

Intranuclear inclusion 0.190

 Absence 441 91 82

 Presence 44 9 88

Mitotic count <0.001

 Low 204 42 91

 Intermediate 106 22 80

 High 175 36 73

Atypical mitoses <0.001

 Absence 362 75 86

 Presence 123 25 72

Abbreviation: RFP, recurrence-free probability

Significant p-values are shown in bold: all p-values from log-rank test.
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Table 3

Results of multivariate Cox proportional hazards model

Variable HR 95% CI p value

Sex (male vs. female) 1.98 1.26 – 3.09 0.003

Stage (IB vs. IA) 1.58 0.96– 2.60 0.072

Pleural invasion 1.31 0.77 – 2.23 0.325

Lymphatic invasion 1.21 0.72 – 2.03 0.475

Vascular invasion 1.04 0.62 – 1.75 0.878

Necrosis 2.34 1.41 – 3.90 0.001

Architectural/mitotic grade

 intermediate vs. low 1.94 0.99 – 3.81 0.053

 high vs. low 2.96 1.39 – 6.28 0.005

Abbreviations: Hazard ratio, HR; confidence interval, CI

Significant p-values are shown in bold.
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