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Abstract

Purpose Patients with the same pathological stage of lung
adenocarcinoma display marked variability in postoperative
recurrence. The aim of this study was to predict the
postoperative prognosis in patients with small-sized pul-
monary adenocarcinoma on the basis of FDG uptake on
PET, the extent of ground-glass opacity (GGO) on CT, and
serum carcinoembryonic antigen (CEA) levels.

Methods We evaluated 87 patients (40 men, 47 women;
mean age 64 years, age range 42-84 years) with lung
adenocarcinoma of 3.0 cm or smaller. The level of FDG
uptake (low or high), the extent of GGO (GGO or solid),
and serum CEA levels (<20 ng/ml or >20 ng/ml) were
correlated with the pathological findings of cell dedifferen-
tiation, aggressiveness, N factor, and the incidence of
relapse.
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Results The patients were divided into the following four
groups: those with the GGO pattern (group I, 13 patients),
those with solid pattern and low FDG uptake (group I, 35
patients), those with solid pattern, high FDG uptake, and
CEA <20 ng/ml (group I, 32 patients), and those with
solid pattern, high FDG uptake, and CEA >20 ng/ml (group
IV, 7 patients). The incidence of cell dedifferentiation,
aggressiveness, and lymph node metastasis were signifi-
cantly different among the groups (p<0.0001); . The 5-year
disease-free survival rates were 100% in group I, 80.1% in
group II, 43.7% in group I, and 16.7% in group IV
(p<0.0001).

Conclusion Combined evaluation of preoperative FDG
uptake, GGO, and serum CEA level may enable patients
with T1 lung adenocarcinoma at low risk and at high risk of
postoperative recurrence to be identified.
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Introduction

Lung cancer is the most common cause of mortality due to
cancer worldwide. Non-small cell lung cancer (NSCLC)
accounts for approximately 80% of lung cancers. Despite
the potential benefits of surgical resection, patients with the
same pathological stage of disease display marked variabil-
ity in recurrence and survival. Moreover, the outcome after
treatment in many cases is dismal. The poor results attained
'so far are, at least in part, related to the high potential of
NSCLC to metastasize as well as to locally recur. These
events, in turn, are not easy to predict. If the very high-risk
patients could be identified before surgery, indications for
intensive pre- or postoperative treatment, including radio-
therapy and chemotherapy, could be determined, and if the
very low-risk patients could be identified before surgery,
appropriate surgical treatment, especially less-invasive
surgical intervention, could be planned.

Better knowledge of the molecular biology or morphol-
ogy of NSCLC might improve our ability to predict the
outcome for any individual patient, which in turn would
help to define subgroups of patients for adjuvant treatment
or for less-invasive surgical intervention. Recently, FDG
uptake in NSCLC has been correlated with the growth rate
and proliferative capacity of the tumour [1] and has also
been identified as an independent prognostic factor corre-
lated with tumour aggressiveness [2] and survival [3-5] in
patients with lung cancer. The more metabolically active
the tumour, the more aggressive it is and the worse the
outcome. CT findings, especially the extent of ground-glass
opacity (GGO) within the tumour, are also inversely
correlated with aggressiveness and survival in patients with
Iung adenocarcinoma [6-8]. The fewer GGO areas within
the tumour, the more aggressive it is. Seram CEA level is
also an independent prognostic factor in patients with
NSCLC [9, 10].

On the basis of these findings, we determined FDG
uptake, the extent of GGO, and the serum CEA level in
patients with pulmonary adenocarcinoma of 3 cm or
smaller. The aim of the study was to predict postoperative
progonosis and histological features (dedifferentiation,
agpressiveness, N factor) before surgery in small-sized
pulmonary adenocarcinomas according to FDG uptake on
PET, the extent of GGO on CT, and serum CEA levels, and
to select not only a subgroup of very low-risk patients who
could in the future benefit from a less-aggressive surgical
procedure, but also a subgroup of very high-risk patients
who could benefit from intensive preoperative treatment,
including radiotherapy and chemotherapy.
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Materials and methods
Patient preparation

This study was approved by the ethics committees of
Kanazawa Medical University. The retrospective study
included 87 conmsecutive patients (40 men, 47 women;
mean age 64 years, age range 42-84 years) with lung
adenocarcinoma of 3 cm or smaller who had undergone
surgery between April 1997 and January 2005, and had
been followed up to estimate local recurrence or distant
metastasis. All patients underwent a lobectomy with hilar
and mediastinal lymphadenectomy. Patients who under-
went only a wedge resection of their lung cancer were
excluded from this study, because the relapse rate in
these patients is higher than that in patients who undergo
a lobectomy with hilar and mediastinal lymphadenec-
tomy. None of the patients had received neoadjuvant
therapy prior to resection.

Imaging protocol

PET scanning was performed with one of the following
dedicated PET cameras: a Headtome IV (Shimadzu, Kyoto,
Japan), an Advance (General Electric Medical Systems,
Milwaukee, WI), or an ECAT HR ' (Siemens/CTI PET
Systems, Knoxville, TN). All patients fasted for 6 h before
scanning. Blood was drawn for baseline blood glucose
determination, and the data were recorded. FDG was
administered intravenously. The average injection activity
of FDG was 370 MBq. Afier an uptake period of 50-60 min,
an emission scan was acquired. Two-dimensional acquisition
was used in two of the PET cenires, and three-dimensional
acquisition was used in the third PET centre. Transmission
scans were obtained in all subjects for attenuation correction.
In two of the PET centres, filtered back-projection with
measured attenuation correction was used for reconstruction.
In the third PET centre, iterative reconstruction with segment-
ed attenuation correction was used, applying the expectation
maximization algorithm with ordered subsets (28 subsets and
two iterations).

CT scanning was performed on an X-vision (Toshiba
Medical Systems, Tokyo, Japan), an X-force (Toshiba
Medical Systerns), a Somatom Plus (Siemens Medical
Systems, Erlangen, Germany), or a Sensation (Siemens
Medical Systems) scanner. Routine scanning of the entire
hing was first performed in the helical mode with a table
speed of 10 mm/s and a section thickmess of 10 mm.
Additional thin sections of thickness 2.0 mm to image the
tumour were acquired in all patients. CT images were
reconstructed with a high spatial frequency algorithm and
were printed with fixed window settings (lung centre —700
HU and width 1,500 HU).
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Data analysis

FDG accumulation within the primary lung cancer on the
attenuation-corrected images was graded. Two nuclear med-
icine doctors retrospectively analysed the PET findings. The
readers were blind to the outcome, patient status, and the
findings observed with the other modality. A two-point visual
scoring system (low or high grade) was used to interpret the
FDG uptake within the primary lesions: low grade was
defined as activity less than or equal fo that of the mediastinal
blood pool, and high grade as activity greater than that of the
mediastinal blood pool. This method is a modification of that
used by Cheran et al [11], and is the same method as
previously reported [12]. Visual interpretation is sufficient
for characterizing solitary pulmonary nodules, and quantita-
tive analysis does not improve the accuracy [13, 14].

Two chest radiologists retrospectively analysed the CT
findings on thin-section CT scans. The readers were blind to
the outcome, patient status, and the findings observed with the
. other modality. The tumour contents were semiquantitatively

classified according to the area occupied by GGO within the
" whole tumour. GGO was defined as a hazy and amorphous
increased lung attenuation without obscuration of the under-
lying vascular markings and bronchial walls. The percentage
of GGO area was calculated as [(Dggo — D)YDaco] X 100,
where Dggo is the greatest diameter of the tumour including
the GGO area, and D is the greatest diameter of the tumour
without the GGO area. The tumours were classified into two
groups according to the area of GGO: less than 50% (solid
pattern) and more than 50% (GGO pattern), using a method
modified from that of Aoki et al. [7].

Serum CEA levels

We studied the effects of setting the serum CEA level
threshold at 5, 10, and 20 ng/ml, and found that a threshold
at 20 ng/ml was the best predictive parameter for disease-
free survival calculated with the Kaplan-Meier method. The
~ threshold for serum CEA level was fixed at 20 ng/ml. The
. " patients were classified into those with a serum CEA level
-~ <20 ng/ml and those with a CEA level >20 ng/ml.

Clinical-pathologic correlation

A pathologist retrospectively analysed the histopathologic
findings.

Histopathological features All 87 lung cancers were histo-
pathologically proven to be primary lung adenocarcinoma. All
surgical specimens were stained with haematoxylin and eosin,
and elastica van Gieson stains. Cell dedifferentiation (bron-
chioloalveolar carcinoma, well-differentiated adenocarcino-
ma, or moderately/poorly differentiated adenocarcinoma),

aggressiveness (positive or negative), pathological N factor
(positive or negative) were evaluated in all surgical specimens.
Vascular (blood and lymphatic vessels) invasion and pleural
invasion were evaluated to estimate aggressiveness.

Tumour size The size of each of the 87 primary lesions was
recorded as the largest diameter at surgical resection. All 87
lung cancers were histopathologically proven to be 3 cm or
less than 3 cm in size.

Table 1 Patient and fumour characteristics

Characteristic No. (%) of
patients

Age (years)

<65 43 (49.4)

>65 44 (50.6)
Gender '

Male 40 (46.0)

Female 47 (54.0)
GGO

GGO pattern 13 (14.9)

Solid pattern 74 (85.1)
FDG uptake

Low . 47 (54.0)

High 40 (46.0)
Serum CEA level (ng/ml)

<20 : 80 (92.0)

=20 7 (8.0)
Tumour size (cm)

<1 5.7

1.1-2 39 (44.8)

2.1-3 43 (45.5)
Clinical stage

1A 72 (82.8)

oA 2@23)

A 13 (14.9)
Pathological stage

IA 68 (78.2)

1B ) 4 (4.6)

oA ’ 334

B 0 (0)

A 10 (11.5)

B 2 (2.3)
Dedifferentiation

Bronchioloalveolar carcinoma 15(17.2)

‘Well-differentiated adenocarcinoma 43 (49.5)

Moderately/poorly differentiated adenocarcinoma 29 (33.3)
Aggressiveness

Negative 55 (63.2)

Positive 32 (36.8)
Lymph node involvement

Negative 72 (82.8)

Positive 15(172)
Recurrence

Negative 69 (79.3)

Positive 18 (20.7)
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Pathological stage Pathological results were used assign a
final pathological stage according to the revised interna-
tional system for staging lung cancer [15].

Disease-free survival data Follow-up consisted of clinical
and radiological examination every 6 months in the first
2 years after surgery, then once a year; clinical and
radiological examination was carried out after surgery. We
chose to evaluate the time to relapse considering either
local recurrence or distant metastasis. Cancer recurrence
was defined as the period ranging from the date of surgery
to the date when a relapse was diagnosed. An observation
was censored at the last follow-up if the patient was alive.

Statistical analysis

Statistical analysis was performed using the SPSS
sofiware system (SPSS for Windows, version 10.0;
SPSS, Chicago, IL). Multivariate analysis was performed
with the Cox proportional hazards model to assess the
joint effects and interactions of the variables on disease-
free survival. An exact x? test was used to evaluative the
relationship between histopathological findings, risk of
recurrence, and PET, CT and CEA level results. Disease-
free survival was calculated using the Kaplan-Meier
method, and groups were compared using the log-rank
test. The intra- and interobserver variabilities of each
method were determined using the kappa statistics for
visual scores according to FDG uptake and for groups
according to the area of GGO. The level of significance
was p<0.05.

Results

"The patient and tumour characteristics are shown in Table 1.

Clinical-pathological correlation

The patients were divided into the following four groups:
those with the GGO pattern (group I, 13 patients), those
with the solid pattern and low FDG uptake (group II, 35
patients), those with the solid pattern, high FDG uptake,
and CEA <20 ng/ml (group III, 32 patients), and those with
the solid pattern, high FDG uptake, and CEA >20 ng/ml
(group IV, 7 patients) (Table 2). The incidence of cell
dedifferentiation, aggressiveness, and lymph node metasta-
sis were significantly different among the groups
(p<0.0001). No patient with the GGO pattern on the CT
scan had a high FDG uptake on the PET scan or a CEA
>20 ng/ml. In group I, cell dedifferentiation, aggressive-
ness, and lymph node metastasis were not seen. In contrast,
the incidence of cell dedifferentiation, aggressiveness, and
Iymph node metastasis were highest in group IV.

Disease-free survival data

Of the 87 patients, 18 (20.7%) suffered a recurrence during
follow-up at a median time of 11 months after surgery. The
time to recurrence varied between 2 and 47 months. The
remaining 69 patients had not suffered a recurrence at the time
of data analysis. Follow-up for these patients was available for
a median period of 18 months after surgery.

Multivariate analysis was performed with the Cox propor-
tional hazards model to assess the joint effects and interactions
of the variables on disease-free survival. In 13 patients with
the GGO pattern on CT, recurrence was not seen. Therefore,
in 74 patients with the solid pattern on CT, we performed a
multivariate analysis. Age (<65 or >65 years), gender (male or
female), FDG uptake (high or low), and -serum CEA level
(<20 or >20 ng/ml) were selected as parameters. Both FDG
uptake and serum CEA level were independent parameters in
patients with a solid pattern on the CT scan (p=0.009 and
p=0.032, respectively).

Table 2 Risk of dedifferentiation, aggressiveness, and lymph node involvement based on GGO pattcm FDG uptake, and serum CEA level

(numbers in parentheses are percentages)

Group Dedifferentiation Aggressiveness” Lymph node
mvolvement
Bronchioloalveolar Well- Moderately/poorly Negative Positive Negative  Positive
carcinoma differentiated differentiated
adenocarcinoma adenocarcinoma
I GGO 6 (46.2) 7 (53.8) 0 (0) - 13 (100) 0(0) 13 100y 0 (O
O Solid, low FDG 8 (22.9) 23 (65.7) 4(11.4) 29 (82.9) 6(17.1) 33(943) 2(5.7)
I Solid, high FDG, CEA <20 ng/ml 1 (3.1) 12 (37.5) 19 (59.4) 13 (40.6) 19 (59.4) 25(78.1) 7 (21.9)
IV Solid, high FDG, CEA >20 ng/ml 0 (0) 1(14.3) 6 (85.7) 0 (0) 7 (100) 1 (14.3) 6 (85.7)

*Vascular invasion and/or pleural invasion.
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Fig. 1 Disease-free survival in four groups of patients (»=87) with
T1 lung adenocarcinoma: 13 patients with the GGO pattern on CT
(group I), 35 patients with solid pattern on CT and low FDG uptake
on PET (group I0), 32 patients with solid pattern on CT, high FDG
uptake on PET, and CEA <20 ng/ml (group III), and 7 patients with
solid pattermn on CT; high FDG uptake on PET, and CEA >20 ng/ml
(group IV). Disease-free survival was calculated using thé Kaplan-
Meijer method, and the groups were compared using the log-rank
test. The disease-free survival rates were significantly different
among the four groups (p<0.0001)
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Fig. 2 Disease-free survival in four groups of patients (n=72) with
clinical stage TA (TINOMO) hng adenocarcinoma: 12 patients with
GGO paitern on CT (group I), 33 patients with solid pattern on CT and
low FDG uptake on PET (group II), 23 patients with solid pattemn on
CT, high FDG uptake on PET, and CEA <20 ng/ml (group 1), and 4
patients with solid pattern on CT, high FDG uptake on PET, and CEA
>20 ng/ml (group IV). Disease-free survival was calculated using the
Kaplan-Meier method, and the groups were compared using the log-
rank test. The disease-free survival rates were significantly different
among the four groups (p<0.0001)

The 5-year disease-free survival rates were 100% in group I
(GGO pattern. on CT), 80.1% in group I (solid pattem on CT
and low FDG uptake on PET), 43.7% in group ITI (solid pattern

“on CT, high FDG uptake on PET, and CEA <20ng/ml), and

16.7% in group IV (solid pattern on CT, high FDG uptake on
PET, and CEA >20 ng/ml), and the disease-free survival rates
were significantly different among the four groups (p<0.0001;
Fig. 1). In the patients with clinical stage IA or pathological
stage JA Tung adenocarcinoma, the disease-free survival rates
were also significantly different among the four groups
(p<0.0001, p=0.0001, respectively; Figs. 2 and 3). Represen-
tative cases are shown in Figs. 4, 5, 6 and 7.

Intra- and interobserver reproducibilities

The kappa statistics for intra- and interobserver reproducibilities
in visual scoring of FDG uptake (low or high) were 0.87 and
0.83, respectively, indicating good agreement, and in classify-
ing the area of GGO (GGO pattern or solid pattern) were 0.75
and 0.72, respectively, also indicating.good agreement.

Discussion

The principal finding of this study was that combined
evaluation of preoperative GGO area on CT, FDG uptake

12
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Fig. 3 Disease-free survival in four groups of patients (7=68) with
pathological stage 1A (TINOMO) lung adenocarcinoma: 13 patients
with GGO pattern on CT (group I), 33 patients with solid pattern on
CT and low FDG uptake on PET (group 1), and 21 patients with solid
pattern on CT, high FDG uptake on PET, and CEA <20 ng/ml (group
I). Disease-free survival was calculated using the Kaplan-Meier
method, and the groups were compared using the log-rank test. Group
IV (solid pattern on CT, high FDG uptake on PET, and CEA >20 ng/ml)
is not shown because there was only one patient in this group. The
disease-free survival rates were significantly different among the four

groups (p=0.0001)
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Fig. 4 A patient in group I: a
CT image shows the GGO pat-
tern; b PET image shows low
FDG uptake. Cell dedifferentia-
tion, aggressiveness, and lymph
node metastasis were not seen.
The patient showed no recur-
rence over a period of

93 months after surgery

on PET, and serum CEA level may epable patients with
highly invasive lung adenocarcinomas with a poor progno-
sis to be indentified. For example, the 5-year disease-free
survival rate was 16.7% for patients with surgically
resected T1 lung adenocarcinoma with the solid pattern
on CT, high FDG uptake on PET, and a high CEA level
(>20 ng/ml), but 80.1% for patients with the solid pattern
on CT and low FDG uptake on PET.

These findings can be explained by the fact that the
greater the FDG uptake, the higher the malignancy grade.
FDG is avidly taken up by tumour cells because cancer
tissue consumes a large amount of glucose as an energy
source. FDG uptake reflects cell dedifferentiation [16],
proliferative potential [1], aggressiveness [2], and prognosis
[3~5] in patients with lung cancer. Cheran et al. have also
reported that lung cancers with negative PET findings are
associated with a favourable prognosis [11]. These findings
are compatible with our current results.

The patients with high FDG uptake lung adenocarcino-
ma were classified into two groups, those with a low CEA
level (<20 ng/ml) group and those with a high CEA level
(20 ng/ml). The incidence of cell dedifferentiation,
aggressiveness, lymph node metastasis, and recurrence
were high in the group with high CEA levels (>20 ng/ml).

Fig. 5 A patient in group II: a
CT image shows the solid pat-
tern; b PET image shows low
FDG uptake. Cell dedifferentia-
tion, aggressiveness, and lymph
node metastasis were not seen.
The patient showed no recur-
rence over a period of

85 months after surgery
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Several studies have shown that preoperative high serum CEA
levels are associated with poor survival after surgical resection
in lung cancer [9, 10, 17, 18]. These findings are also
compatible with our current results.

In this study, 20.7% of patients with resected T1 lung
adenocarcinoma presented with tumour recurrence. The
ability to predict recurrence is an important contribution to
treatment planning. If the postoperative prognosis can be
determined before surgery, indications for intensive pre- or
postoperative treatment, including radiotherapy and che-
motherapy, can be determined, and appropriate surgical
treatment, especially less-invasive surgical intervention, can
be planned. Thus, FDG PET appears to be useful mn
determining the optimal therapeutic policy and in contri-
buting to improving the postoperative prognosis. For
example, the West Japan Study Group for Lung Cancer
Surgery examined the efficacy of an oral 5-flucrouracil
derivative as a postoperative adjuvant therapy for patho-
logical stage I NSCLC [19], and concluded that postoper-
ative adjuvant therapy might be effective in patients with
pathological stage IA (TINOMO) adenocarcinoma.

In our study, high FDG uptake identified a subgroup of
patients with the worst prognosis for recurrence, and this
parameter seemed to be more important in stage IA disease.
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Fig. 6 A patient in group III: a
CT shows the solid pattern; b
PET image shows high FDG
uptake. The CEA level was

3.6 ng/ml. Cell dedifferentiation,
and aggressiveness (vascular in-
vasion) were seen. The patient
showed recurrence 2 months af-
ter surgery

Therefore, it is suggested that patients with hypermetabolic
lesions may benefit more from pre- or postoperative
adjuvant therapy. As another example, in a prospective
randomized trial comparing limited resection with lobecto-
my for the management of patients with clinical TINO [20],
the limited resection group had a significantly higher
recurrence rate than the lobectomy group. The authors
therefore concluded that limited resection canmnot be
recommended as the resection of choice for patients with
TINO disease. Ichinose et al. [21] reported that 44% of
tumours showed intratumoral vessel invasion in patients
with resected NSCLC classified as pathological stage I
located on the periphery of the lung. They speculated that
this was the main reason that the limited resection group
had a higher recurrence rate. Others have reported that
infratumoral vessel invasion is correlated with a poor
prognosis in patients with NSCLC [22, 23].

Therefore, if we could select patients with tumours without
aggressiveness, and if we could select patients with a low risk
of relapse and were able to predict relapse, limited resection
might be successfully performed without recurrence. In our
series, clinical stage IA tumours with the GGO pattern on CT
or Jow FDG uptake on PET had a low rate of relapse, and
clinical stage JA tumours with high FDG uptake on PET in
patients with a high serum CEA level (>20 ng/ml) had a high
rate of relapse. These findings suggest that combined
evaluation of preoperative GGO area on CT, FDG uptake on

Fig. 7 A patient in group IV: a
CT image shows the solid pat-
tern; b PET image shows high
FDG uptake. The CEA Jevel
was 142 ng/ml. Cell dedifferen-
tiation, aggressiveness (vascular
invasion), and lymph node in-
volvement were seen. The pa-
tient showed recurrence

4 months after surgery

PET, and serum CEA level is important when p]amiing
appropriate surgical treatment, especially less-invasive surgi-
cal interveéntion. Limited resection might be successfully
performed without recurrence in patients with the GGO
pattern or low FDG uptake lung cancer.

It has been reported that the proportion of GGO areas on
thin-section CT scans is a strong predictor of recurrence and
survival in patients with clinical TINOMO adenocarcinoma
[6-8], and thus could be a useful index for planning a limited
surgical resection in these patients [24]. A greater extent of
GGO in a nodule correlates with improved prognosis. We
found that the GGO area were well correlated with
histological prognostic factors, such as vascular invasion
and pleural invasion, and were well correlated with the risk
of recurrence. The incidence of vascular invasion and pleural
invasion, and the risk of recurrence in lung adenocarcinomas
with the GGO pattern were significantly lower than in those
with the solid patfern. The patients with the GGO pattern had
a significantly better prognosis. These results are compatible
with findings reported previously [6-8, 24].

Kim et al. [6] have reported that the extent of GGO in a
nodule is greater in bronchioloalveolar carcinomas than in
other adenocarcinomas and a greater extent of GGO
correlates with an improved prognosis: Bronchioloalveolar
carcinoma is, however, classified into three histological
subtypes (goblet cell, Clara cell, and type 2 pneumocyte),
and the Clara cell subtype shows the solid but not the GGO
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pattern [25]. In our study, some bronchioloalveolar carcino-
mas showed the solid pattem on CT (Table 2). Therefore,
some of the patients with lung adenocarcinoma with the
solid pattern on CT had a favourable prognosis. In our study,
there were also two groups of patients with lung adenocar-
cinoma and the solid pattern on CT, a relapse group and a
non-relapse group. Among the patients with lung adenocar-
cinoma with the solid pattern on CT, the risk of recurrence in
those with high FDG uptake was significantly higher than in
those with low FDG uptake. Therefore, FDG uptake had
significant value in predicting increased relapse in lung
adenocarcinomas with the solid pattern on CT.

However, this study had limitations. First, a visual scoring
system was used to interpret the FDG uptake within the
primary lesions. Visual interpretation is, however, sufficient
for characterizing solitary pulmonary nodules, and quantita-
tive analysis does not improve the accuracy [13, 14]. Second,
this was a moulticentre study with large variations i the
capacity of the machines and the image processing. It has
been reported that SUV measurements are affected by the
applied method for both image reconstruction and attenua-
tion correction [26, 27]. Furthermore, it is uncertain whether
and to what degree the geometry and specifications of
different PET tomographs from different manufacturers
might affect the accuracy and reproducibility of SUV
measurements [27]. For these reasons, a visual grading
system was used to inferpret FDG uptake within the primary
lesions, and the SUV threshold was not used. Third, the
extent of GGO was derived from a crude linear estimate that
ignored tumour shape and may not have truly depicted the
percentage area of GGO. The diameter measure is meaning-
less for nonspherical tumours. More importantly, the ratio of
diameters is not linearly related to the true volume ratio.
However, our method modified from that of Aoki et al. [7]
was simple, and intra- and interobserver reproducibilities
were excellent.

The current results suggest that the combination of FDG
uptake on PET, GGO area on CT, and serum CEA level
may provide accurate information regarding risk of vascular
invasion, pleural invasion, lymph node metastasis, and
recurrence in clinical settings in which limited surgical
resection or adjuvant therapy is desirable. Further studies
assessing patient survival after limited surgical resection are
recommended. : '

Conclusions

In patients with T1 lung adenocarcinoma, combined
evaluation of preoperative FDG uptake, GGO area, and
serum CEA level may enable patients at a low and at a high
risk of postoperative recurrence to be identified. Our
observations are of potential interest for the development
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of rational pre- or postresection treatrnent strategies based
on the estimated risk of recurrence of patients with
surgically resected T1 lung adenocarcinoma.
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