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Abstract
Background: Poor prognosis associated with adenocarcinoma of International Associa-
tion for the Study of Lung Cancer (IASLC) grade 3 has been recognized. In this study we
aimed to develop a scoring system for predicting IASLC grade 3 based before surgery.
Methods: Two retrospective datasets with significant heterogeneity were used to
develop and evaluate a scoring system. The development set was comprised of patients
with pathological stage I nonmucinous adenocarcinoma and they were randomly
divided into training (n = 375) and validation (n = 125) datasets. Using multivariate
logistic regression, a scoring system was developed and internally validated. Later, this
new score was further tested in the testing set which was comprised of patients with
clinical stage 0–I non-small cell lung cancer (NSCLC) (n = 281).
Results: Four factors that were related to IASLC grade 3 were used to develop the new
scoring system the MOSS score; male (M, point 1), overweight (O, point 1), size>10 mm
(S, point 1), and solid lesions (S, point 3). Predictability of IASLC grade 3 increased
from 0.4% to 75.2% with scores from 0 to 6. The area under the curve (AUC) of the
MOSS was 0.889 and 0.765 for the training and validation datasets, respectively. The
MOSS score exhibited similar predictability in the testing set (AUC: 0.820).
Conclusion: The MOSS score, which combines preoperative variables, can be used to
identify high-risk early-stage NSCLC patients with aggressive histological features. It
can support clinicians in determining a treatment plan and surgical extent. Further
refinement of this scoring system with prospective validation is needed.
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INTRODUCTION

With improvements in lung cancer screening programs, the
proportion of lung adenocarcinomas that are detected early
has increased.1–3 Since the histopathological subtypes of pul-
monary adenocarcinomas are associated with clinical progno-
sis, the 2015 World Health Organization (WHO) classification
designated adenocarcinomas according to their predominant
patterns, which were found to have clinical implications.4

Recently, the International Association for the Study of
Lung Cancer (IASLC) devised a new grading system based

on the predominant subtypes and the number of high-grade
patterns.5 High-grade patterns include micropapillary and
solid subtypes associated with aggressive tumor characteris-
tics, as well as a complex glandular pattern, which has been
classified as an acinar predominant pattern. This grading
system quantitatively analyzed the impact of high-grade his-
tological patterns and provided another tool to differentiate
early-stage invasive adenocarcinoma. This IASLC grading
system has also been validated in several studies, mostly
involving Asian populations.6–9 It allows prognostic stratifi-
cation in terms of overall survival (OS) and recurrence-free
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survival (RFS) in all cancer stages, as well as in the subgroup
of stage I patients. Additionally, IASLC grade 3 has been
identified as the most relevant risk factor for predicting clin-
ical outcomes.9,10

As intraoperative biopsy results are often inconclusive,
more extensive pulmonary resection or lymph node dis-
section may be required to avoid the need for additional sur-
gery. Several studies have reported preoperative clinical and
radiological variables that are predictive factors for micropa-
pillary, solid pattern, and IASLC grade 3 cancer.11,12 If high-
grade patterns could be predicted using demographic and
radiological variables, this would be important in predicting
prognosis and surgical planning. It could also improve the
interpretation of frozen biopsy histology between thoracic
surgeons and pathologists.

Our study, therefore, aimed to devise a new scoring sys-
tem to predict IASLC grade 3 based on preoperative clinical
and radiological variables, using a retrospective analysis of
lung cancer patients, and to validate this system by applying
it in an external clinical cohort.

METHODS

Ethics approval and consent to participate

This study was approved by the Institutional Review Board
of our institution (IRB no. 3-2022-0219). The requirement
for obtaining informed patient consent was waived due to
the retrospective design of the study.

Study population

Our retrospective study included two cohorts with different
configurations, as shown in Figure 1. The first cohort (devel-
opment set, n = 500) included patients diagnosed with stage
I pulmonary adenocarcinoma, between 2012 and 2019.
Among the 716 adenocarcinoma patients identified during
that period, we excluded those with adenocarcinoma in situ,
mucinous adenocarcinoma, previous lung cancer history,
neoadjuvant treatments, stage II–IV adenocarcinoma, an
insufficient surgical margin (R1 or R2), and insufficient
pathological reports, during the medical record review pro-
cess. The final first cohort was then randomly divided into a
training (n = 375) and validation (n = 125) dataset. The
scoring system was developed based on the training dataset
and then validated in this internal validation dataset.

Subsequently, to test the predictive ability of the scoring
system, we used another dataset with a different composi-
tion. The second cohort (testing set, n = 281) consisted of
patients with clinical stage 0 to I non-small cell lung cancer
(NSCLC) who underwent surgery between 2020 and 2021.
Among the 335 patients who underwent surgery for NSCLC,
we excluded those with clinical stage II–IV NSCLC, a his-
tory of previous lung cancer, endobronchial or cavitary
lesions, neoadjuvant treatments, and insufficient radiological

data. Finally, 281 patients were included for external valida-
tion of the new scoring system.

Histological evaluation

All pathological slides were re-evaluated to apply the new
IASLC grading system: grade 1, lepidic predominant tumors
with no or less than 20% high-grade patterns (solid, micro-
papillary, cribriform, and/or complex glandular patterns);
grade 2, acinar or papillary predominant tumors with no or
less than 20% high-grade patterns; and grade 3, any tumor
with 20% or more high-grade patterns.5 Moreover, detailed
pathological characteristics included visceral pleural/
lymphovascular invasion and tumor spread through the air
space (STAS).

Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) for Windows version
25.0 (IBM SPSS Inc.) and R version 4�0�4 (R Core Team).

Continuous variables are presented as medians and
interquartile ranges, based on the results of a normality test.
The Mann–Whitney U test was used to compare differences
in the defined variables. Fisher’s exact test was used to com-
pare categorical variables.13 Logistic regression was used to
determine the predictive factors for IASLC grade 3. Variables
with p < 0.10 in univariable analysis were included in multi-
variable analysis, and the variables were selected by back-
ward elimination. The scoring system for IASLC grade
3 was devised based on the following factors:

Step 1: Development and validation of the scoring
system.

The cohort of patients with pathologically diagnosed
stage I adenocarcinoma was randomly divided into two
datasets (training and validation datasets) at a ratio of 3:1.
The training dataset was used to identify variables predicting
IASLC grade 3 (p < 0.10) from the multivariable logistic
regression analysis. The score for each variable was calcu-
lated based on the adjusted odds ratio (OR) and regression
coefficient. The natural logarithm of each OR was used to
find regression coefficient and each of them were compared,
then calculated for the score. The discriminative power of
the new model was assessed by plotting a receiver operating
characteristic curve and calculating the area under the curve
(AUC). Predictive ability was subsequently assessed in the
validation dataset in the same manner.

Step 2: Test of the scoring system.
As the training and validation cohorts consisted of only

patients with adenocarcinoma diagnosed after surgery, its
predictive ability prior to surgery could not be guaranteed.
To test the predictive ability of the scoring system in clinical
practice, the system was applied to a different cohort (the
testing set) of patients with clinical stage 0 to I NSCLC who
were referred for surgery during different periods. The
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predictive performance of the new scoring system was
assessed by computing the AUC.

RESULTS

Clinical characteristics of the training and
validation cohorts

The study population consisted of Asians, and most were
female patients (57.8%) and nonsmokers (75.2%). The
patients’ pulmonary function was relatively preserved, and
only 2.4% of them had chronic obstructive pulmonary dis-
ease (COPD). Notably, only approximately one-third of the
patients (30.2%) presented radiologically solid lesions, with
a high proportion of pure ground-glass opacity (GGO)
(17.0%). Among the patients (425/500, 85.0%) evaluated
with positron emission tomography (PET), approximately
one-third (35.8%) demonstrated no metabolic activity.
There were no significant differences in preoperative vari-
ables between the training and validation datasets (Table 1).

Surgical approach and outcomes

Table 2 describes the surgical, clinical, and pathological out-
comes of the patients in the two datasets. In general, 37.0%
of patients underwent sublobar resection (wedge resection,
24.4%; segmentectomy, 12.6%). The 5-year OS and RFS
rates from Kaplan–Meier survival curves were 90.4% and
87.6%, respectively. In terms of histopathological character-
istics, 15.6% of the entire population was diagnosed with
IASLC grade 3 adenocarcinoma. Although there were no
differences in the surgical extent and general outcome
between training and validation datasets, a greater number
of IASLC grade 3 (p = 0.012) and STAS positivity

(p < 0.001) were observed in the validation set than in the
training set.

Risk factor analysis for the prediction of IASLC
grade 3

Multivariable logistic regression analysis revealed that
male sex (OR: 3.77, 95% confidence interval [CI]:1.34–
10.7, p = 0.012), body mass index (BMI) > 25 kg/m2,
implying overweight (OR: 2.63; 95% CI: 1.18–5.87,
p = 0.018), and pure solid lesion (OR 14.5, 95% CI: 4.90–
42.9, p < 0.001) were significantly associated with IASLC
grade 3 (Table 3). A tumor diameter >10 mm (OR: 6.04;
95% CI: 0.72–50.5; p = 0.097) was also included in the
final scoring system, due to the clinical significance of
tumor size.

The MOSS scoring system for IASLC grade 3

The MOSS score (M = male, O = overweight, S = size
>10 mm, S = solid lesion) was calculated as a summa-
tion of the defined factors applied to the prediction
model. Three variables (male sex, overweight, and size
>10 mm) had similar weights for predicting the out-
come (1 point each), whereas the fourth variable (solid
lesion on computed tomography [CT]) had a greater
weight (3 points) according to its OR and beta-coeffi-
cient. The MOSS score was a sum of these points. The
predicted probability of IASLC grade 3 was proportional
to the scores: probabilities of 0.4%, 1.1%, 5.0%, 15.0%,
31.0%, 51.0%, and 75.2%, with MOSS scores of 0, 1,
2, 3, 4, 5, and 6, respectively (Figure 2). The AUC in
the training dataset was 0.889 (95% CI: 0.852–0.927),
indicating good predictive ability.

F I G U R E 1 Patient selection process in this study. NSCLC, non-small cell lung cancer.
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Validation and testing of the MOSS score
system

When the MOSS score was evaluated in the validation data-
set, it also demonstrated good predictive ability
(AUC = 0.765; Figure 3). Subsequently, the MOSS score
was tested using the external validation dataset comprising
patients with clinical early-stage NSCLC (testing set). The

overall patient characteristics in the training/validation and
testing datasets are presented in Table S1. The testing cohort
did not differ from the training/validation dataset in terms
of age, sex, and comorbidities, other than hypertension;
however, the proportion of pure GGO and solid lesions were
higher in the testing set (both p = 0.001) (Table S1). After
surgery, approximately 86.8% of patients were diagnosed
with nonmucinous adenocarcinoma, including 32 (11.4%)

T A B L E 1 Preoperative characteristics of patients diagnosed with pulmonary adenocarcinoma (Development set).

Total Training set Validation set p-value

Variables N = 500 n = 375 n = 125

Demographic findings

Age (years) 62.0 [54.0, 70.0] 63.0 [54.0, 71.0] 61.0 [54.0, 67.0] 0.065

Sex 0.531

Female 289 (57.8) 220 (58.7) 69 (55.2)

Male 211 (42.2) 155 (41.3) 56 (44.8)

BMI 23.7 [21.7, 25.7] 23.6 [21.7, 25.6] 23.7 [21.8, 25.7] 0.849

Smoking history 0.812

Never smoker 376 (75.2) 283 (75.5) 93 (74.4)

Current or ex-smoker 124 (24.8) 92 (24.5) 32 (25.6)

Diabetes mellitus 85 (17.0) 70 (18.7) 15 (12.0) 0.099

Hypertension 205 (41.0) 160 (42.7) 45 (36.0) 0.208

Cardiovascular diseases 38 (7.6) 31 (8.3) 7 (5.6) 0.436

COPD 12 (2.4) 8 (2.1) 4 (3.2) 1

DLCO/VA, % 108.0 [96.0, 120.0] 108.0 [96.0, 120.0] 107.0 [96.2, 120.7] 0.887

FEV1, % 108.0 [96.5, 119.0] 108.0 [96.0, 119.0] 107.0 [98.0, 116.0] 0.704

FEV1/FVC, % 75.0 [70.0, 80.0] 75.0 [70.0, 80.0] 77.0 [71.0, 80.0] 0.072

Carcinoembryonic antigen, ng/mL 2.10 [1.30, 3.30] 2.10 [1.30, 3.30] 1.90 [1.20, 3.55] 0.697

Hemoglobin, g/dL 13.2 [12.4, 14.3] 13.2 [12.4, 14.2] 13.3 [12.4, 14.4] 0.268

Location of lesions

Lt 176 (35.2) 133 (35.5) 43 (34.4) 0.914

Rt 324 (64.8) 242 (64.5) 82 (65.6)

Lower 176 (35.2) 137 (36.5) 39 (31.2) 0.332

Upper 324 (64.8) 238 (63.5) 86 (68.8)

Radiological findings

Longest diameter, mm 15.0 [10.0, 22.0] 15.00 [10.0, 22.0] 15.0 [11.0, 23.0] 0.344

Radiological typesa 0.087

Part-solid 264 (52.8) 202 (53.9) 62 (49.6)

Pure GGO 85 (17.0) 69 (18.4) 16 (12.8)

Pure solid 151 (30.2) 104 (27.7) 47 (37.6)
18F-FDG uptake on PET/CTb 0.365

No uptake 152 (35.8) 114 (37.5) 38 (31.4)

Moderate 112 (26.4) 81 (26.6) 31 (25.6)

High 161 (37.9) 109 (35.9) 52 (43.0)

Interval between CT scan and surgery, days 19.0 [9.0, 31.0] 20.0 [10.0, 32.0] 18.0 [8.0, 29.0] 0.173

Note: Data are presented as n (%), n/N (%), or median (interquartile range).
Abbreviations: BMI, body-mass index; COPD, chronic obstructive pulmonary disease; CT, computed tomography; DLCO/VA, carbon monoxide diffusion capacity per unit
alveolar volume; 18F-FDG, 18F-fluorodeoxyglucose FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; GGO, ground glass opacity; PET, positron emission
tomography.
aConsolidation/tumor ratio (CTR) was used for classification: part solid, 0 < CTR <1; pure GGO, CTR = 0; pure solid, CTR = 1.
bMaximum standardized uptake value (SUVmax) was used for classification: Moderate, 0 < SUVmax <2.5; High, SUVmax ≥2.5.
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patients with IASLC grade 3 (Table S2). Thus, the predictive
ability of the MOSS score in the testing set was promising,
with an AUC of 0.820 (95% CI: 0.764–0.875; Figure 3).

DISCUSSION

This study analyzed the clinical and histopathological out-
comes of resected pulmonary adenocarcinoma and applied
the results to identify patients who have a higher risk of hav-
ing aggressive tumor histology based on preoperative clinical
and radiological factors. To the best of our knowledge, no
previous study has developed such a novel scoring system
based on preoperative characteristics and presented a sim-
plified approach for detecting early-stage lung cancer
patients with a more aggressive histological grading. This
score could be used to plan the extent of lung parenchymal
resection and meticulous lymph node dissection for patients

who have a high probability of having IASLC grade
3 adenocarcinoma.

The impact of male sex on high-grade histology
requires consideration. Cha et al. presented male sex as a
risk factor for the presence of a solid component based on
the analysis of 511 patients with lung adenocarcinoma
<3 cm.12 Moreover, male sex was significant only in uni-
variable analysis in a study of 781 patients in Japan.11

From a Swedish national cohort study that analyzed 6456
patients, the survival benefit of female sex was observed
in adenocarcinoma and stage I subgroup patients. Other
studies on sex-based differences in the timing of recur-
rence for NSCLC also revealed an earlier peak in recur-
rence among male patients who had undergone surgery.14

Although there could be other potential confounding fac-
tors, such as physical activity, social support, and diet,
between males and females, sex-based differences in his-
tological patterns require further investigation.

T A B L E 2 Surgical and pathological outcomes of patients diagnosed with pulmonary adenocarcinoma.

Total Training set Validation set p-value

Variables N = 500 n = 375 n = 125

Extent of surgery 0.741

Wedge resection 122 (24.4) 88 (23.5) 34 (27.2)

Segmentectomy 63 (12.6) 49 (13.1) 14 (11.2)

Lobectomy 314 (62.8) 237 (63.2) 77 (61.6)

Bilobectomy 1 (0.2) 1 (0.3) 0 (0.0)

Surgical approach 0.174

Thoracotomy 212 (42.4) 166 (44.3) 46 (36.8)

Thoracoscopy 288 (57.6) 209 (55.7) 79 (63.2)

Adjuvant treatment 54 (10.8) 39 (10.4) 15 (12.0) 0.622

Recurrence 29 (5.8) 25 (6.7) 4 (3.2) 0.187

Locoregional 23 (4.6) 20 (5.3) 3 (2.4)

Distant 4 (0.8) 3 (0.8) 1 (0.8)

Both 2 (0.4) 2 (0.6) 0 (0.0)

Mortality 40 (8.0) 32 (8.5) 8 (6.4) 0.569

Pathological findings

Pathological size, mm 16.0 [10.0, 23.0] 15.0 [10.0, 24.0] 17.0 [12.0, 21.0] 0.593

TNM staging 0.127

IA 418 (83.6) 319 (85.1) 99 (79.2)

IB 82 (16.4) 56 (14.9) 26 (20.8)

Minimally invasive adenocarcinoma 78 (15.6) 61 (16.3) 17 (13.6)

IASLC histological grading 0.012

IASLC grade 1 56 (11.2) 47 (12.5) 9 (7.2)

IASLC grade 2 288 (57.6) 220 (58.7) 68 (54.4)

IASLC grade 3 78 (15.6) 47 (12.5) 31 (24.8)

STAS positive 77 (17.9) 42 (13.5) 35 (29.7) <0.001

Lymphovascular invasion 36 (7.2) 26 (6.9) 10 (8.0) 0.691

Perineural invasion 2 (0.4) 1 (0.3) 1 (0.8) 0.438

Visceral pleural invasion 49 (9.8) 30 (8.0) 19 (15.2) 0.024

Abbreviations: IASLC, International Association for the Study of Lung Cancer; STAS, spread through air space.
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The impact of high BMI (>25.0 kg/m2) on high-grade
histopathology should be carefully interpreted. The
adverse impact of obesity on tumor progression or aggres-
sive tumor features have previously been observed in
colorectal and prostate cancer.15,16 However, lung cancer
has shown different outcomes among obese patients. The
“obesity paradox in lung cancer” suggests that obesity
leads to cancer development; however, after diagnosis,
obese lung cancer patients tend to respond better to
treatment.17–20 The role of confounding factors in this
phenomenon and the plausibility of BMI as a modality to
measure adiposity have been debated. Even though
patients have high BMI, the presence of sarcopenia could
lead to a poor clinical outcome.20 In the analysis of 20 937
patients in the International Lung Cancer consortium, the
impact of BMI on clinical outcome was not observed in
Asian patients.21 In terms of the reliability of BMI as an
assessment of adiposity, Barbi et al. reported the visceral
fat index as an alternative to BMI and described the rela-
tionship between the progression of lung cancer and vis-
ceral obesity.22 Given the lack of sufficient evidence to
explain the relationship between high BMI and high-
grade adenocarcinoma, further studies are necessary to
interpret the results of our study on the MOSS score.

Solid lesions on CT scans have clear prognostic value in
terms of prognosis. In a radiomics study for differentiation
of predominant subtypes, a solid appearance was included
as a solid-predominant adenocarcinoma.23,24 A previous
study also suggested solid lesion as a predictive factor for
IASLC grade 3 adenocarcinoma.11 As pulmonary lesions
with ground glass opacity are known for having lepidic pre-
dominant pattern, this interpretation of radiological imaging
corresponds to the current knowledge of radiology in lung
cancer.

Our study revealed that four preoperative factors were
related to poor histological grading. Each factor included in
the MOSS scoring was in agreement with previous studies
on predictive factors for high-grade adenocarcinoma. Fuji-
kawa et al. reported that smoking, solid lesions on CT
images, younger age, and SUVmax on PET/CT were related
to IASLC grade 3.11 In our study, a high SUVmax was signifi-
cant in univariate analysis, but its effect was not significant
in multivariate analysis. Since our study included a higher
number of early cancer stage and younger patients than the
other studies, the impact of PET/CT could be lessened. The
application of each significant factor could have diverse
impacts, depending on the characteristics of the patients
investigated.

T A B L E 3 Predictive factor analysis for IASLC grade 3 adenocarcinoma.

Factors

Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Age over 65 1.60 (0.87–2.96) 0.130

Male (ref. female) 3.19 (1.68–6.07) <0.001 3.77 (1.34–10.7) 0.012

BMI over 25 2.46 (1.30–4.64) 0.005 2.63 (1.18–5.87) 0.018

Hypertension 1.62 (0.88–3.00) 0.120

Diabetes mellitus 1.21 (0.57–2.56) 0.620

Cardiovascular diseases 1.77 (0.69–4.58) 0.240

Smoking history [ref. never smoker] 2.92 (1.55–5.50) 0.001 0.71 (0.25–2.03) 0.521

FEV1/FVC ratio over 70% 0.80 (0.40–1.57) 0.510

Carcinoembryonic antigen 1.01 (0.95–1.08) 0.690

Hemoglobin (g/dL) 0.99 (0.92–1.07) 0.820

Right lesion [ref. left] 0.58 (0.31–1.08) 0.085 0.64 (0.29–1.45) 0.290

Upper lesion [ref. lower] 0.68 (0.37–1.26) 0.220

Longest diameter on CT over 10 mm 9.87 (2.35–41.5) 0.002 6.04 (0.72–50.5) 0.097

Radiological characteristicsa

Part solid Ref

Pure ground-glass opacity 0.48 (0.06–4.06) 0.500

Pure solid 20.4 (8.27–50.4) <0.001 14.5 (4.90–42.9) <0.001
18F-FDG uptake on PET/CTb

No uptake ref

Mild uptake [0 < SUVmax <2.5] 3.01 (0.88–10.4) 0.080

High uptake [SUVmax ≥2.5] 10.9 (3.71–32.2) <0.001 1.29 (0.51–3.27) 0.590

Abbreviations: BMI, body-mass index; CT, computed tomography; 18F-FDG, 18F-fluorodeoxyglucose FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; IASLC,
International Association for the Study of Lung Cancer; PET, positron emission tomography; SUVmax, maximum standardized uptake value.
aConsolidation/tumor ratio (CTR) was used for classification: part solid, 0 < CTR <1; pure ground-glass opacity (GGO), CTR = 0; pure solid, CTR = 1.
bMaximum standardized uptake value (SUVmax) was used for classification: Moderate, 0 < SUVmax <2.5; High, SUVmax ≥2.5.
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In our practice, we applied this scoring system as a sup-
plemental tool with intraoperative biopsy. If frozen biopsy
revealed minimally invasive adenocarcinoma or adenocarci-
noma in situ, sublobar resection and limited mediastinal
lymph node dissection were preferred. In cases with invasive
adenocarcinoma, MOSS score 4 or more was considered
aggressive histological patterns; lesions should be pure solid
without GGO to have scored 4 or above. For these cases, we

expanded the extent of mediastinal lymph node dissection to
increase the detection rate of N2 skip metastasis. Prospective
application of this score needs to be evaluated for a longer
period. However, we believe that this type of score could
lower procedure bias at the surgeons’ discretion.

Our study had some limitations. First, although patients
were diagnosed with high-grade adenocarcinoma, their OS
can depend on several other factors, such as adjuvant

F I G U R E 2 Probability of IASLC grade
3 according to the MOSS score. IASLC,
International Association of the Study for
Lung Cancer.

F I G U R E 3 Receiver operating characteristic (ROC) curve and area under the curve (AUC) of the MOSS score for each dataset.
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treatment, functional capacity, and molecular mutations.
The survival benefit of adjuvant chemoradiotherapy was
influenced differently by histological patterns in a previous
study, revealing improved outcomes for patients with solid-
predominant tumors.25 Therefore, the diagnosis of IASLC
grade 3 should not be solely interpreted as indicating a poor
outcome. Second, this scoring system has not been validated
in different institutions with diverse patient populations.
Therefore, the predictive ability of the MOSS score needs to
be tested in other clinical environments. However, as its
prognostic value was approved in the clinical stage I popula-
tion, this score may introduce a new approach for patient
risk stratification.

In conclusion, in this study, we analyzed preoperative
characteristics of early-stage pulmonary adenocarcinomas
and suggested a new scoring system to predict IASLC grade
3 adenocarcinomas. The MOSS score, which combines male
sex, overweight, size >10 mm, and solid lesions, could be
used to assess early-stage NSCLC by differentiating high-risk
patients, thereby facilitating prompt management and treat-
ment. The scoring system can be improved with the accrual
of more evidence and research on early-stage NSCLC.

AUTHOR CONTRIBUTIONS
WW: Conceptualization, methodology, validation, data
curation, formal analysis, investigation, software, writing–
original draft, writing—review and editing.

YJC: Methodology, validation, data Curation, writing—
review and editing.

CHP: Methodology, validation, data curation, writing—
review and editing.

DHM: Conceptualization, methodology, validation, data
curation, supervision, writing—review and editing. SL: Con-
ceptualization, methodology, validation, supervision, project
administration, writing—review and editing.

ACKNOWLEDGMENTS
This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit
sectors.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data supporting the findings of this study are available
from the corresponding author upon reasonable request.

ORCID
Wongi Woo https://orcid.org/0000-0002-0053-4470
Sungsoo Lee https://orcid.org/0000-0001-8998-9510

REFERENCES
1. National Lung Screening Trial Research Team, Aberle DR,

Adams AM, et al. Reduced lung-cancer mortality with low-dose com-
puted tomographic screening. N Engl J Med. 2011;365(5):395–409.
https://doi.org/10.1056/NEJMoa1102873

2. Horeweg N, van der Aalst CM, Thunnissen E, Nackaerts K,
Weenink C, Groen HJM, et al. Characteristics of lung cancers detected
by computer tomography screening in the randomized NELSON trial.
Am J Respir Crit Care Med. 2013;187(8):848–54. https://doi.org/10.
1164/rccm.201209-1651OC

3. Barta JA, Powell CA, Wisnivesky JP. Global epidemiology of lung can-
cer. Ann Glob Health. 2019;85(1):8. https://doi.org/10.5334/aogh.2419

4. Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG. Introduc-
tion to the 2015 World Health Organization classification of tumors
of the lung, pleura, thymus, and heart. J Thorac Oncol. 2015;10(9):
1240–2. https://doi.org/10.1097/JTO.0000000000000663

5. Moreira AL, Ocampo PSS, Xia Y, Zhong H, Russell PA, Minami Y,
et al. A grading system for invasive pulmonary adenocarcinoma: a
proposal from the International Association for the Study of Lung
Cancer Pathology Committee. J Thorac Oncol. 2020;15(10):1599–610.
https://doi.org/10.1016/j.jtho.2020.06.001

6. Rokutan-Kurata M, Yoshizawa A, Ueno K, Nakajima N, Terada K,
Hamaji M, et al. Validation study of the International Association for
the Study of Lung Cancer histologic grading system of invasive lung
adenocarcinoma. J Thorac Oncol. 2021;16(10):1753–8. https://doi.org/
10.1016/j.jtho.2021.04.008

7. Deng C, Zheng Q, Zhang Y, Jin Y, Shen X, Nie X, et al. Validation of
the novel International Association for the Study of Lung Cancer
grading system for invasive pulmonary adenocarcinoma and associa-
tion with common driver mutations. J Thorac Oncol. 2021;16(10):
1684–93. https://doi.org/10.1016/j.jtho.2021.07.006

8. Hou L, Wang T, Chen D, She Y, Deng J, Yang M, et al. Prognostic
and predictive value of the newly proposed grading system of invasive
pulmonary adenocarcinoma in Chinese patients: a retrospective multi-
cohort study. Mod Pathol. 2022;35(6):749–56. https://doi.org/10.1038/
s41379-021-00994-5

9. Woo W, Cha YJ, Kim BJ, Moon DH, Lee S. Validation study of new
IASLC histology grading system in stage I non-mucinous adenocarci-
noma comparing with minimally invasive adenocarcinoma. Clin Lung
Cancer. 2022;23(7):e435–42. https://doi.org/10.1016/j.cllc.2022.06.004

10. Jeon HW, Kim YD, Sim SB, Moon MH. Comparison of clinical results
between high grade patterns in stage I lung adenocarcinoma. Thorac
Cancer. 2022;12:2473–9. https://doi.org/10.1111/1759-7714.14578

11. Fujikawa R, Muraoka Y, Kashima J, Yoshida Y, Ito K, Watanabe H,
et al. Clinicopathologic and genotypic features of lung adenocarci-
noma characterized by the International Association for the Study of
Lung Cancer grading system. J Thorac Oncol. 2022;17(5):700–7.
https://doi.org/10.1016/j.jtho.2022.02.005

12. Cha MJ, Lee HY, Lee KS, Jeong JY, Han J, Shim YM, et al. Micropapil-
lary and solid subtypes of invasive lung adenocarcinoma: clinical pre-
dictors of histopathology and outcome. J Thorac Cardiovasc Surg.
2014;147(3):921–928.e2. https://doi.org/10.1016/j.jtcvs.2013.09.045

13. Lee SW. Methods for testing statistical differences between groups in
medical research: statistical standard and guideline of life cycle com-
mittee. Life Cycle. 2022;2:2. https://doi.org/10.54724/lc.2022.e1

14. Watanabe K, Sakamaki K, Nishii T, Yamamoto T, Maehara T,
Nakayama H, et al. Gender differences in the recurrence timing of
patients undergoing resection for non-small cell lung cancer. Asian
Pac J Cancer Prev. 2018;19(3):719–24. https://doi.org/10.22034/
APJCP.2018.19.3.719

15. Price RS, Cavazos DA, de Angel RE, Hursting SD, de Graffenried LA.
Obesity-related systemic factors promote an invasive phenotype in
prostate cancer cells. Prostate Cancer Prostatic Dis. 2012;15(2):135–
43. https://doi.org/10.1038/pcan.2011.54

16. Gan T, Schaberg KB, He D, Mansour A, Kapoor H, Wang C, et al.
Association between obesity and histological tumor budding in
patients with nonmetastatic colon cancer. JAMA Netw Open. 2021;
4(4):e213897. https://doi.org/10.1001/jamanetworkopen.2021.3897

17. Fukumoto K, Mori S, Shintani Y, Okami J, Ito H, Ohtsuka T, et al.
Impact of the preoperative body mass index on the postoperative out-
comes in patients with completely resected non-small cell lung cancer:
a retrospective analysis of 16,503 cases in a Japanese lung cancer

1872 WOO ET AL.

https://orcid.org/0000-0002-0053-4470
https://orcid.org/0000-0002-0053-4470
https://orcid.org/0000-0001-8998-9510
https://orcid.org/0000-0001-8998-9510
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1164/rccm.201209-1651OC
https://doi.org/10.1164/rccm.201209-1651OC
https://doi.org/10.5334/aogh.2419
https://doi.org/10.1097/JTO.0000000000000663
https://doi.org/10.1016/j.jtho.2020.06.001
https://doi.org/10.1016/j.jtho.2021.04.008
https://doi.org/10.1016/j.jtho.2021.04.008
https://doi.org/10.1016/j.jtho.2021.07.006
https://doi.org/10.1038/s41379-021-00994-5
https://doi.org/10.1038/s41379-021-00994-5
https://doi.org/10.1016/j.cllc.2022.06.004
https://doi.org/10.1111/1759-7714.14578
https://doi.org/10.1016/j.jtho.2022.02.005
https://doi.org/10.1016/j.jtcvs.2013.09.045
https://doi.org/10.54724/lc.2022.e1
https://doi.org/10.22034/APJCP.2018.19.3.719
https://doi.org/10.22034/APJCP.2018.19.3.719
https://doi.org/10.1038/pcan.2011.54
https://doi.org/10.1001/jamanetworkopen.2021.3897


registry study. Lung Cancer. 2020;149:120–9. https://doi.org/10.1016/j.
lungcan.2020.09.011

18. Nitsche LJ, Mukherjee S, Cheruvu K, Krabak C, Rachala R,
Ratnakaram K, et al. Exploring the impact of the obesity paradox on
lung cancer and other malignancies. Cancer. 2022;14(6):1440. https://
doi.org/10.3390/cancers14061440

19. Alifano M, Daffré E, Iannelli A, Brouchet L, Falcoz PE, le Pimpec
Barthes F, et al. The reality of lung cancer paradox: the impact of body
mass index on long-term survival of resected lung cancer. A French
Nationwide analysis from the Epithor database. Cancer. 2021;13(18):
4574. https://doi.org/10.3390/cancers13184574

20. Zhang X, Liu Y, Shao H, Zheng X. Obesity paradox in lung cancer
prognosis: evolving biological insights and clinical implications.
J Thorac Oncol. 2017;12(10):1478–88. https://doi.org/10.1016/j.jtho.
2017.07.022

21. Jiang M, Fares AF, Shepshelovich D, Yang P, Christiani D, Zhang J,
et al. The relationship between body-mass index and overall survival
in non-small cell lung cancer by sex, smoking status, and race: a
pooled analysis of 20,937 international lung cancer consortium
(ILCCO) patients. Lung Cancer. 2021;152:58–65. https://doi.org/10.
1016/j.lungcan.2020.11.029

22. Barbi J, Patnaik SK, Pabla S, Zollo R, Smith RJ Jr, Sass SN, et al. Vis-
ceral obesity promotes lung cancer progression—toward resolution of
the obesity paradox in lung cancer. J Thorac Oncol. 2021;16(8):1333–
48. https://doi.org/10.1016/j.jtho.2021.04.020

23. Lederlin M, Puderbach M, Muley T, Schnabel PA, Stenzinger A,
Kauczor HU, et al. Correlation of radio- and histomorphological

pattern of pulmonary adenocarcinoma. Eur Respir J. 2013;41(4):943–
51. https://doi.org/10.1183/09031936.00056612

24. Park S, Lee SM, Noh HN, Hwang HJ, Kim S, do KH, et al. Differentia-
tion of predominant subtypes of lung adenocarcinoma using a quanti-
tative radiomics approach on CT. Eur Radiol. 2020;30(9):4883–92.
https://doi.org/10.1007/s00330-020-06805-w

25. Warth A, Muley T, Meister M, Stenzinger A, Thomas M,
Schirmacher P, et al. The novel histologic International Association
for the Study of Lung Cancer/American Thoracic Society/European
Respiratory Society classification system of lung adenocarcinoma is a
stage-independent predictor of survival. J Clin Oncol. 2012;30(13):
1438–46. https://doi.org/10.1200/JCO.2011.37.2185

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Woo W, Cha YJ, Park CH,
Moon DH, Lee S. Predictive scoring of high-grade
histology among early-stage lung cancer patients: The
MOSS score. Thorac Cancer. 2023;14(19):1865–73.
https://doi.org/10.1111/1759-7714.14932

WOO ET AL. 1873

https://doi.org/10.1016/j.lungcan.2020.09.011
https://doi.org/10.1016/j.lungcan.2020.09.011
https://doi.org/10.3390/cancers14061440
https://doi.org/10.3390/cancers14061440
https://doi.org/10.3390/cancers13184574
https://doi.org/10.1016/j.jtho.2017.07.022
https://doi.org/10.1016/j.jtho.2017.07.022
https://doi.org/10.1016/j.lungcan.2020.11.029
https://doi.org/10.1016/j.lungcan.2020.11.029
https://doi.org/10.1016/j.jtho.2021.04.020
https://doi.org/10.1183/09031936.00056612
https://doi.org/10.1007/s00330-020-06805-w
https://doi.org/10.1200/JCO.2011.37.2185
https://doi.org/10.1111/1759-7714.14932

	Predictive scoring of high-grade histology among early-stage lung cancer patients: The MOSS score
	INTRODUCTION
	METHODS
	Ethics approval and consent to participate
	Study population
	Histological evaluation
	Statistical analysis

	RESULTS
	Clinical characteristics of the training and validation cohorts
	Surgical approach and outcomes
	Risk factor analysis for the prediction of IASLC grade 3
	The MOSS scoring system for IASLC grade 3
	Validation and testing of the MOSS score system

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


