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the right upper lobe of the lung on a CT screening image obtained in December 2001. B, In retrospect, the opacity was also
present on a CT screening image obtained in June 1998. C, Thin-section CT image obtained in December 2001 showing a pGGO
in segment 1 of the right upper lobe of the lung. D, Thin-section CT image obtained in June 2002 shows a decrease in the size
of the pGGO and the appearance of a solid component. E, Medium-magnification image of the pathologic specimen (H&E
staining, %X 40). Thickening of the alveolar walls as a result of the tumor cells is visible. F, Medium-magnification image of the
pathologic specimen (H&E staining, X 40). Severe narrowing of the alveolar space from the thickening of the alveolar walis and
an area of collapse-fibrosis with active fibroblastic proliferation are visible. A right upper lobectomy was performed in January
2003. The lesion was diagnosed as an adenocarcinoma, 17 mm in diameter (Noguchi type C). The size of collapse- fibrosis was

2 mm in diameter.

the natural history of pGGOs after conducting a long-term fol-
low-up study lasting more than 2 years. Five of the 19 cases of
pGGOs were diagnosed as lung cancers, that is, 5 BACs (1
case had 2 BACs) and 1 adenocarcinoma, after a mean follow-
up of 61 months. Although the patient with adenocarcinoma
was followed up for 124 months, personal communication
with the author revealed that his lung cancer was of pathologic
stage 1A and that the size of the central fibrosis of the adeno-
carcinoma was less than 3 mm in diameter. We have also ex-
perienced 2 other pGGOs that developed into mixed GGOs
after a 1-year and a 3-year follow-up period, respectively (un-
published data). These lesions were diagnosed as pathologic
stage IA adenocarcinomas, and the size of the central fibrosis
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search team’® previously reported that 21 out of 100 patients
with a lung adenocarcinoma that was 3 cm or less in diameter
and which had a central fibrosis of 5 mm or less in diameter had
a 5-year survival rate of 100%. Therefore, the adenocarcinoma
follow-up cases described above and in this study were thought
to be minimally invasive, allowing the possibility of a cure.
Third, the adenocarcinoma cases with mixed GGOs did not
experience any relapses or deaths, even though the solid com-
ponents of the GGOs became larger but remained less than
50% of the mixed GGO nodule, this from the standpoint of the
GGO’s length,*' the vanishing ratio of GGO'? (“air-
containing type”), and the volume of the GGO.? Finally, ad-
enocarcinoma pGGOs tend to grow slowly, as the mean dou-
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FIGURE 2. Case 2: Bronchioloalveolar carcinoma in a 69-year-old man. A, A faint localized increase in density was identified in
segment 1 of the right upper lobe of the lung on a CT screening image obtained in February 1999. B, In retrospect, the opacity
was also visible on a CT screening image obtained in February 1998. C, Thin-section CT revealed a pGGO in segment 1 of the right
upper lobe of the lung in March 1999. D, Thin-section CT image obtained in February 2000 showing a pGGO with a small solid
component. E, Thin-section CT image obtained in February 2001 showing a decrease in the size of the pGGO and a slight increase
in the size of the solid component. F, Thin-section CT image obtained in February 2002 showing a larger decrease in the size of
the pGGO and an increase in the size of the solid component. G, Low-magnification image of the pathologic specimen (H&E
staining, X 5). The foci of alveolar collapse (asterisks) are shown. A right upper lobectomy was performed in May 2002. The lesion
was diagnosed as a bronchioloalveolar carcinoma, 15 mm in diameter (Noguchi type B).

stable after a mean follow-up period of 16 months,'’” whereas
half of the pGGOs in another study showed no change in size
after a median follow-up period of 32 months.” Therefore, the
classification of some pGGOs may be affected by an overdi-
agnosis bias.

This study has some limitations. First, the period of
pGGO development was not accurately assessed because only
thick-sectioned screening CT images were available for the
unidentified phase. Therefore, the partial volume effect af-
fected the detectability of small faint opacities on screening CT
images. Multislice CT imaging using a narrow collimation and
thinner reconstruction images may reveal the natural history of
pGGOs more precisely. Second, measurements made with a
pair of calipers to calculate doubling times may lead to mea-
surement errors. Although technical advances have been re-
ported,*>** we did not have any commercial software for vol-
ume measurements. Third, our study cohort was very small. At
the start of the helical CT screening project, surgery without
follow-up tended to be recommended in cases with pGGO. Af-
ter knowledge of pGGOs had accumulated (ie, that most pGGOs
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is only 1 option, not the only option, as in the past. Because of
this, resection data cannot always be obtained, and the number
of cases was small as a result.

In conclusion, the natural history of pGGOs detected by
helical CT screening for lung cancer was partially revealed. A
classification for pGGO progression was proposed based on
thin-section CT images obtained during the follow-up phase.
The pGGOs of lung cancer nodules do not only increase in size
or density, but may also decrease rapidly or slowly with the
appearance of solid components. Close follow-up until the ap-
pearance of a solid component may be a valid option for the
management of pGGO.
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Summary

Diagnostic Criteria and Follow-up Guidelines (Proposal)
for low-dose helical CT screening of lung cancer

Nodules with a diameter of 5 mm or larger when
viewed on screening CT must be further examined
using thin-section CT. Nodules should be classified
into pure ground-glass opacity (GGO), GGO with a
solid component (mixed GGO), or solid nodule.
Pathological diagnosis is necessary if a pure GGO and
a solid nodule has a diameter of 10mm or larger when
viewed on thin-section CT. Regarding mixed GGOs,
a pathological diagnosis is necessary regardless of the
size.

Ryutaro Kakinuma et al

Cancer Screening Technology Division

Research Center for Cancer Prevention and Screening
National Cancer Center
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