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Introduction

Lobectomy and lymph node dissection are considered 
the standard curative surgery for lung cancer.1) Although 

the therapeutic significance of lymph node dissection in 
the treatment of lung cancer remains controversial, it is 
believed that the role of resection to determine the stage of 
disease is significant when considering multidisciplinary 
treatment.2–4) However, if it is known preoperatively that 
there is no lymph node metastasis, neither dissection nor 
sampling is required for either therapeutic or staging pur-
poses. Furthermore, the surgical invasiveness can be alle-
viated by omitting lymph node dissection and sampling.

Advances in diagnostic imaging, especially in com-
puted tomography (CT), have made it possible to predict 
the degree of invasion and progression of lung adenocar-
cinoma with considerable accuracy from imaging find-
ings of the main lesion.5–12) In particular, pathological 
invasion in adenocarcinoma has been defined, and a new 
T classification was proposed. The new pT classification 
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Imaging Findings of pN0 in cIA Lung Adenocarcinoma

excludes the lepidic area, which is considered to be the 
non-invasive region, from the tumor diameter. As a 
result, the diameter of consolidation, which excludes the 
so-called ground glass attenuation (GGA) area, is also 
used as the tumor diameter in diagnostic imaging.13,14) 
The cT classification reflects the degree of pathological 
invasiveness much more than before, but it still needs to 
be devised in terms of selecting pN0 cases.

In our previous study, we reported that the tumor size 
determined by the mediastinal window setting (MD) was 
highly associated with pathological invasive size (IS), and 
was strongly associated with lymph node metastases and 
pathological invasiveness in lung adenocarcinoma.5,8–9,12) 
Moreover, it has been shown that fluorodeoxyglucose- 
position emission tomography (FDG-PET) findings in the 
main lesion are associated with lymph node metastasis.10) 
Furthermore, we have revealed that carcinoembryonic 
antigen (CEA) was a significant independent factor asso-
ciated with invasiveness and lymph node metastasis of 
cIA and early-stage lung adenocarcinoma.11,12,15)

Based on these findings, we sought to determine sim-
ple and reliable imaging findings that can select patients 
with cIA adenocarcinoma with normal CEA, in whom 
lymph node dissection can be omitted.

Materials and Methods

Institutional Review Board approval was obtained 
from Teikyo University School of Medicine (17035), 
and the need for informed consent was waived as only 
de-identified information was used for analysis.

Between January 2015 and December 2017, 533 
patients with cIA lung adenocarcinoma underwent surgi-
cal resection at the Aichi Cancer Hospital. In all patients, 
preoperative staging was assessed using chest CT, 
abdominal CT or ultrasonography, brain CT or magnetic 
resonance imaging, and FDG-PET CT. The clinical 
mediastinal and hilar lymph node status was deemed 
positive if the chest CT findings revealed that the shorter 
axis was >1.0 cm. The status of the mediastinal, hilar, 
and interlobar nodes was assessed according to the 8th 
TNM classification for lung cancer.14,15) All tumors were 
examined using CT with thin section (1.0–2.0 mm) con-
ditions on digital image data. Thin-section chest CT 
images, FDG-PET CT images, and clinicopathological 
findings were examined. FDG-PET-CT images were 
acquired using a dedicated PET/CT scanner (Biograph 
40; SIEMENS Healthcare Japan Co., Tokyo, Japan) in the 
same facility (Nagoya Radiological Diagnosis Institute), 

and the maximum standardized uptake value (SUVmax) 
was used for analysis. The tumor dimension was evalu-
ated under two different CT imaging conditions: lung 
window settings (level = −500 Hounsfield unit [HU], 
width = 1500 HU) and mediastinal window settings (level 
= 60, width = 350 HU) (Fig. 1). The CT images were 
evaluated for the maximum tumor dimension using the 
lung window settings (LD) and MD, and evaluated for 
the tumor maximum diameter of the solid component 
(consolidation:CD) of the tumor in lung window set-
tings. The solid component ratio (C/T) was defined as 
maximum tumor diameter using CD/LD.

Each diameter was determined with consent of three 
specialists (YS, NS, and HK) of general thoracic surgery 
at the conference. We excluded 81 cases with high CEA 
and 116 cases with insufficient preoperative imaging 
modality; thus, 336 cases were used for final analysis.

The patient records were examined for age, sex, preop-
erative nodal status, and various imaging findings (CD, 
MD, C/T, and SUVmax), and the patient characteristics 
are summarized in Table 1. The pathological invasive 
size was evaluated by hematoxylin and eosin (H&E) stain 
and elastic stain, including invasion to lymphatic vessels 
(ly), vascular vessels (v), and the pleura (pl); ly, v, or pl 
was used as indicator of pathological invasiveness.

Statistical analysis
Receiver operating characteristic (ROC) and area 

under the curve (AUC) analyses were applied for imag-
ing and pathological variables. The correlation between 
each imaging variable and pathological invasive size was 
examined. Factors related to lymph node metastasis and 
invasiveness were analyzed by logistic regression multi-
variate analyses. Statistical analyses were performed by 
JMP 13 (SAS Institute Inc., Cary, NC, USA), and a 
p value <0.05 was considered statistically significant.

Results

AUC between lymph node metastasis or invasiveness 
and imaging variables

As an indicator of histological invasiveness, the AUC 
was highest in MD (correlation coefficient, 0.79–0.85), 
followed by C/T (0.75–0.80), CD (0.75–0.81), and SUV 
(0.65–0.68); in particular, MD was comparable to IS 
(0.73–0.85). The AUC, as an index of lymph node metas-
tasis, was highest in MD (0.84), and similar in C/T 
(0.79), CD (0.79), and SUV (0.80); in particular, MD 
was higher than invasive size (0.80). The correlation 
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with invasive size was highest in MD (0.76), followed by 
CD (0.73), C/T (0.54), and SUVmax (0.27), while SUV 
and C/T were not highly correlated (Table 2).

Multivariate analyses between lymph node metasta-
sis or invasiveness and imaging variables

SUVmax, MD, and C/T were independent factors 
related to lymph node metastasis, while CD was not an 
independent factor (p = 0.38). In relation to pathological 
invasiveness (ly/v/pl), MD and C/T were significantly 
associated with pathological invasiveness, but SUVmax 
and CD were not (Table 3).

Imaging conditions for N0 case selection: conditions 
for PPV to reach 100%, number of compatible patients, 
and sensitivity

The conditions for reaching 100% positive predictive 
value (PPV) were 12.5 mm for CD, 10.6 mm for MD, 
and 0.55 for C/T. The SUVmax did not reach 100% PPV, 
even if the cut-off value was set to 0, the PPV was 98.2% 
(110/112). Of the 246 pathological N0 (pN0) cases, the 
number of patients that could be selected under the above 
conditions was 116 for CD (sensitivity, 47.2%), 141 for 
MD (sensitivity, 57.3%), and 91 for C/T (sensitivity, 
37.0%). When pN0 was selected by cT, Tis, T1mi, and 

Table 1 Patient characteristics

Age (years) 29–84 (median, 66)
Sex (male/female) 150/186
cT
  Tis/T1mi/T1a/T1b/T1c 21/36/82/118/79
 Pathological IS 6–35 (median, 12.0) mm
 CD 0–30 (median, 13.0) mm
 MD 0–29 (median, 8.0) mm
p-N
  N0/N1/N2/Nx 246/13/9/68
Lymph node dissection or sampling
  Yes/others 268/68

CD: Lung window setting consolidation diameter; IS: invasive size; MD: medi-
astinal window setting diameter

Assessment of tumor diameter under two different conditions

Mediastinal window setting settings
(level = 60 HU, width = 350 HU)

Lung window settings
(level = −500 HU, width = 1500 HU) 

CD

LD

MD

Fig. 1  Tumor diameter assessed under two different conditions. CD: maximal consolidation diameter eval-
uated with lung window setting; HU: Hounsfield unit; MD: maximal diameter evaluated with medi-
astinal window setting 
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T1a were applicable (same result as CD 10 mm or less), 
and 95 pN0 cases were selected (sensitivity, 38.2%) 
(Table 4).

Discussion

With the development of diagnostic imaging, the abil-
ity to detect and treat lung cancer early has increased. 
With regard to surgery, a rational change in treatment is 
required as the number of early detection cases increases. 
Limited surgery, including segmental resection and 
wedge resection, selective lymph node dissection, and 
omission of dissection represent such rational surgical 
changes. In the field of lung cancer surgery, determining 
reasonable indication criteria for each surgical procedure 
is as important as developing and establishing surgical 
techniques. The new cT classification improves the con-
sistency between the degree of pathological invasiveness 
and diagnostic imaging (especially CT). The recent use 
of the consolidation diameter evaluated with LD settings 
has allowed a more accurate reflection of the extent of 
invasion than the previous cT classification.13,14) In other 
words, the new cT is a method of measuring the degree 
of tumor progression by CD; however, it remains to be 
seen how accurately the CD-based diagnostic imaging 
predicts lymph node metastasis.

In the case of cIA adenocarcinoma with normal CEA, 
MD, C/T, and SUVmax were revealed as independent 
imaging findings associated with lymph node metastasis. 
In contrast, when examined with these four factors, CD 
was not an independent factor.

With regard to invasiveness, MD and C/T were found 
to be independent imaging factors, but SUV and CD 
were not. Since MD and C/T reflect the invasiveness of 
the tumor well, they are also good indicators of lymph 
node metastasis. MD had the highest correlation 

coefficient (0.76) with pathological invasive size among 
the four factors, which is consistent with it also reflect-
ing the degree of histological invasiveness well. In con-
trast, the correlation coefficient of C/T with invasive size 
was 0.54, which was not considered to be high.

These results suggest that MD is the most accurate 
and rational method of selecting cases without lymph 
node metastasis among conventional diagnostic imaging 
methods. In addition, MD was associated with patholog-
ical invasive size and histological invasiveness more than 
other imaging modalities. Furthermore, it was revealed 
that lymph node metastasis does not occur in cIA adeno-
carcinoma with normal CEA when the MD is 10.6 mm 
or less (sensitivity, 57.3%). Similarly, it was also found 
that lymph node metastasis does not occur if the CD is 
12.5 mm or less, or when the C/T is 0.55 or less (sensi-
tivity, 47.2% and 37.0%, respectively). Regarding SUV-
max, PPV reached only 98.2% even if the value was set 
to 0. It may be difficult to determine the indication for 
omitting lymph node dissection based only on the SUV-
max of the main lesion.

Preoperative diagnosis of lymph node metastasis, 
especially with imaging, is important for developing a 
therapeutic strategy for primary lung cancer. However, it 
is difficult to accurately stage lymph node metastasis in 
lung cancer patients by preoperative imaging, such as 
MRI and CT.16) Recently, positron emission tomography 
(PET-CT), which uses both CT (for morphological eval-
uation) and PET (for the evaluation of tumor activity), 
has been used to evaluate metastatic lesions in lymph 
nodes. Studies have shown that PET-CT is useful for the 
evaluation of mediastinal lymph nodes, but it has not 
been demonstrated to be able to accurately extract pN0. 
Some lymph node metastases, such as micrometastases, 
do not give an accurate metastasis evaluation no matter 
how closely the degree of swelling of the lymph nodes, 

Table 2 AUC by ROC and correlation coefficient between variables and invasive size

Variables
AUC

ly
(n = 336)

AUC
v

(n = 336)

AUC
pl

(n = 336)

AUC
ly, v, or pl
(n = 336)

AUC
LN

(n = 268)
Correlation with invasive size

SUVmax 0.67 0.65 0.69 0.68 0.80 0.27 (p <0.001)
 CD 0.76 0.77 0.75 0.81 0.79 0.73 (p <0.001)
 MD 0.83 0.81 0.79 0.85 0.84 0.76 (p <0.001)
 C/T 0.77 0.79 0.75 0.80 0.79 0.54 (p <0.001)
Invasive size 0.83 0.80 0.73 0.85 0.80 N.A

AUC: area under an ROC curve; C/T: CD/T; CD: maximal consolidation diameter evaluated with lung window setting; T: total tumor 
diameter evaluated with lung window setting; LN: lymph node metastasis; ly: lymph vessel invasion; MD: maximal diameter evaluated 
with mediastinal window setting; pl: pleural invasion; ROC: receiver operating characteristic; SUVmax: maximum standardized uptake 
value; v: vascular invasion
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or the uptake of FDG into the lymph nodes, are exam-
ined.17–19) We have reported that both the imaging find-
ings (MD, solid components of tumor) of the tumor and 
CEA values are highly correlated with the degree of 
tumor invasiveness, which allows more accurate preop-
erative evaluation of lymph node metastasis in cIA.5–8,20) 
CD is a rational tumor size measurement method that 
reflects the degree of adenocarcinoma, and was adopted 
in the 8th edition WHO classification.14) However, MD 
may be more suitable to determine the degree of invasion 
and the correlation with the invasive size.8–10) Although 
CD reflects the extent of tumor invasion much better 
than the total tumor diameter determined by the LD, it is 
often difficult to determine the boundary between con-
solidation and GGO, which is easier with the MD.

The cT category, reflecting pathological features, was 
finally proposed in the newly revised eighth edition of 
TNM classification.14,15) The cT category basically 
reflects a new pathological classification that takes into 
account the degree of fibrosis and scar formation, as well 
as the mode of extension to the alveolar structures in ade-
nocarcinoma.21,22) In the cT category, the pathological 
invasive diameter is recognized as the consolidation 

diameter based on lung field conditions in CT imaging. It 
can be said that the cT category reflects tumor progres-
sion and malignancy more than the previous classifica-
tion based on simple lung field conditions14,15); therefore, 
the correlation between invasive size and diagnostic 
imaging findings is very important. In contrast, since C/T 
and SUVmax do not specifically measure invasive size, it 
is not unexpected that the correlation coefficient is low. 
Furthermore, not only MD, but also the AUC of MD has 
a higher correlation coefficient with invasive size than 
CD. The difference between the CD and MD diameters is 
apparently caused only by the difference in window 
width and window level, despite the fact that they have 
the same digital data. Further studies are needed to deter-
mine which image rendering conditions (window width, 
window level) are most suitable for expressing the degree 
of invasiveness and lymph node metastasis.

CEA is an independent prognostic factor that is signifi-
cantly associated with lymph node metastasis in early lung 
adenocarcinoma.11,12,15) In addition, among small lung ade-
nocarcinomas, it has been reported that high levels of 
serum CEA are highly associated with non-lepidic pre-
dominant adenocarcinoma types (papillary, acinar, solid 

Table 3 Multivariate logistic regression analysis

Variables
LN metastasis

(n = 268)
Invasiveness (ly/v/pl)

(n = 336)

OR 95% CI p value OR 95% CI p value
SUVmax 1.06 1.01–1.11 0.03 0.96 0.88–1.05 0.20
 CD 0.91 0.74–1.12 0.38 1.04 0.97–1.12 0.30
 MD 1.23 1.01–1.50 0.02 0.84 0.76–0.90 <0.001
 C/T 1.05 1.01–1.09 0.01 0.98 0.97–0.99  0.006

C/T: CD/T; CD: maximal consolidation diameter evaluated with lung window setting; T: total tumor 
diameter evaluated with lung window setting; CI: confidence interval; LN: lymph node; ly: lymph 
vessel invasion; MD: maximal diameter evaluated with mediastinal window setting, OR: odds ratio; 
pl: pleural invasion; SUVmax: maximum standardized uptake value; v: vascular invasion

Table 4  Examination of lymph node metastasis negative cases among lymph node 
dissection

Variables Cut-off No. patients Sensitivity

cT Tis/T1mi/T1a (CD <10 mm) 95 38.2%
CD 12.5 mm 116 47.2 %
MD 10.6 mm 141 57.3 %
C/T 0.55 91 37.0%
SUVmax NA NA NA

100% PPV cutoff value for lymph node metastasis. Total number of patients = 249. C/T: 
CD/T; CD: maximal consolidation diameter evaluated with lung window setting; T: total 
tumor diameter evaluated with lung window setting; MD: maximal diameter evaluated with 
mediastinal window setting; NA: not available, because the variable did not reach PPV 
100%; SUVmax: maximum standardized uptake value; PPV: positive predictive value
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with mucin, etc.), which are considered to be more aggres-
sive.7) Since this study excluded cases with high CEA, it 
may be necessary to consider the exclusion of some 
non-lepidic types that are particularly likely to have lymph 
node metastases, in which that lymph node metastasis 
could occur even with MD <10.6 mm and CD <12.5 mm.

FDG-PET is a useful imaging modality to evaluate 
tumor invasiveness and activity; however, it was found 
that it is difficult to search for the possibility of lymph 
node metastasis from the findings of the main lesion in 
cIA, especially for the absence of lymph node metasta-
sis. Even with an SUVmax of 0 (no accumulation), 
lymph node metastasis was observed at a low frequency.

This study had a limitation in that it included a small 
number of retrospective studies. In addition, since it was 
limited to the CEA normal group, poor prognosis cIA 
groups may be omitted to some extent.

Conclusion

In cIA lung adenocarcinoma with CEA in the normal 
range, it was suggested that lymph node dissection could 
be omitted by cutting off 12.5 mm for CD, 10.6 mm for 
MD, and 0.55 for C/T. Sensitivity was highest in the 
order of MD, CD, and C/T.
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