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Abstract. [*F]fluorodeoxyglucose (FDG) positron emission
tomography (PET)/computed tomography (CT) has been
reported to have a low sensitivity in the initial diagnosis of
bronchoalveolar carcinoma (BAC) due to BAC's low metabolic
activity. The aim of this study was to assess the value of ['*F]
FDG-PET/CT in the detection of BAC recurrence. Between
February 2007 and September 2011, the [*FIFDG-PET/CT
scans that were performed on patients with known, histo-
logically proven BAC were studied. A total of 24 ['®F]
FDG-PET/CT scans were performed in 22 patients, including
16 males and 6 females, with a mean age of 6549 years. Among
the scans, 15 were performed to assess for possible recurrence
with equivocal findings in conventional imaging methods and
9 for restaging post-therapy. In all cases conventional imaging
studies (CT and MRI) were performed 5-30 days prior to
PET/CT. Among the 24 [®FIFDG-PET/CT scans, 18 were posi-
tive and 6 negative. Among the 15 ["*F]JFDG-PET/CT scans
performed for suspected recurrence, 34 lesions were detected
and the mean maximum standardized uptake value (SUVmax)
was 6.8+3.26. In nine scans, upstaging was observed, while
two were in agreement with the findings of the conventional
modalities. A greater number of lesions were detected in two
scans and fewer lesions were detected in one, with no change
in staging. Only one scan was negative. By contrast, in patients
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examined for restaging, there were only five lesions with a
mean SUVmax of 4.86+3.18. Agreement between the findings
of ["'FIFDG-PET/CT and the conventional modalities was
observed in 8 out of 9 cases. Although [*FIFDG-PET/CT has
been reported to have a low sensitivity in the initial diagnosis
of BAC, the present results indicate that when there is recur-
rence, the lesions become [*F]FDG avid. [*F]JFDG-PET/CT
may provide further information in patients evaluated for
recurrence and thus improve patient management.

Introduction

The term bronchioloalveolar lung carcinoma (BAC) was first
applied in 1960 to describe peripheral, well-differentiated lung
tumors that grew in a lepidic manner without distortion of the
lung architecture (1-3). In 1999, the World Health Organization
(WHO) established the more restrictive definition of BAC as
tumors with a pure lepidic spreading pattern and no evidence
of stromal, vascular or pleural invasion (4,5). This definition
was retained in the 2004 classification. According to this
definition, BAC is a carcinoma in situ and a tumor cannot be
classified as BAC if it is associated with lymphatic or systemic
metastases (4,6).

Positron-emission tomography (PET) utilizing the radio-
labelled glucose analog fluorine-18 (*F) fluorodeoxyglucose,
(FDG-PET) is a widely accepted imaging method in oncology.
The radiopharmaceutical [*F]FDG is transported as a glucose
analog and subsequently phosphorylated and trapped within
cancer cells, thus enabling the evaluation of glucose metabo-
lism with PET (7). It is known that the majority of malignant
tumors have a higher rate of glucose metabolism than normal
tissue and therefore exhibit higher FDG uptake than back-
ground tissue. Numerous studies have demonstrated that the
uptake of ['*F]FDG is associated with tumor grade and prolif-
eration status in a wide variety of tumors (8). Consequently,
[®FIFDG uptake varies widely, depending on the histological
type and aggressiveness of the tumor (8).
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[*F]FDG-PET/CT has become an established method for
staging patients with non-small cell lung cancer (NSCLC). It
has a sensitivity of ~98% in most series of lung cancer cases,
but in the literature ["*F]JFDG-PET/CT has been reported to
have a low sensitivity in the initial diagnosis of BAC due to
BAC's low metabolic activity (9). This is why BAC was consid-
ered to be one of the main reasons for false negative findings
when [®*F]FDG-PET/CT is used to assess solitary pulmonary
nodules (10,11).

Atpresent, there are no published data in the worldwide liter-
ature concerning the clinical usefulness of [*FIFDG-PET/CT
in the management of patients with confirmed BAC rather
than at the stage of the initial diagnosis. The purpose of the
present study is to assess the value of ['*FIFDG-PET/CT in
the detection of BAC recurrence and restaging following treat-
ment and to evaluate ['*FIFDG-PET/CT uptake at the sites of
metastasis and recurrence.

Materials and methods

Patients. This is a retrospective analysis of all the
[®FIFDG-PET/CT studies performed on patients with known,
histologically confirmed BAC between February 2007 and
September 2011. This study was approved by the Ethics
Committee of the Evangelismos General Hospital, Athens,
Greece. Written informed consent was obtained from the
patients. During that time, 24 ["*F]JFDG-PET/CT scans
were performed on 22 patients. Among the scans, 15 were
performed to assess for possible recurrence with equivocal
findings in conventional imaging methods and 9 for restaging
post-therapy, with 5 scans following surgery and 4 following
chemotherapy. In all cases, conventional imaging studies were
performed with at least one other imaging method 5-30 days
prior to PET/CT, including 27 chest CT scans, 7 abdominal CT
scans, 5 bone scans and 6 brain MRI scans.

PET/CT procedure and technical details. A standard
whole-body [®F]FDG-PET/CT approach was used for all
patients. The patients were asked to fast for at least 6 h
before the imaging study. The serum glucose concentration,
measured prior to [*F]JFDG administration, was <150 mg/dl
in all patients (range, 61-145 mg/dl). Image acquisition started
1 h after the intravenous injection of a dose of 5 MBq/kg
[F]FDG. All acquisitions were performed using an integrated
PET/CT scanner; the majority of scans used a Discovery ST
(General Electric Medical Systems, Little Chalfont, UK),
although three used a Biograph 6 (Siemens Medical Solutions,
Erlangen, Germany). A whole-body image from the mid-
femur to the base of the brain, typically divided into 6 bed
positions, was obtained. The PET emission images were
acquired with a 4-min acquisition period at each bed position.
The imaging system enabled the simultaneous acquisition of
47 transverse PET images per field of view, using 3.27-mm
intersection spacing, for an overall 15.7-cm transverse field
of view. The PET resolution was ~6.1 mm full width at half
maximum near the centre of the field of view. A 4-detector
row helical CT scanner (140 kV and 80 mA) was also included
in the PET/CT system. The resulting CT images were used not
only in image fusion, but also in the generation of an attenua-
tion map for attenuation correction. A PET scan was acquired
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in the two-dimensional mode. The field of view and pixel
size of the reconstructed images were 50 cm and 3.91 mm,
respectively, with a matrix size of 128x128. The reconstruction
method used was filtered back projection with a Hanning filter.
PET/CT scans were interpreted visually by a nuclear medicine
physician and a radiologist.

Interpretation. Standard whole-body PET/CT images were
reviewed on a Xeleris workstation in the transverse, coronal
and sagittal planes, along with maximum intensity projec-
tion images. For visual analysis, [*F]JFDG-PET/CT uptake
was considered to be abnormal if located outside the normal
anatomical structures or if the intensity was greater than the
background blood-pool activity or adjacent normal tissue.
In addition, the standardized uptake value (SUV) of the
lesions was measured on the standard whole-body PET/CT
in a semi-quantitative manner. SUV was calculated using the
following formula:

Cdc
SUV = —
G

w

where Cdc is the decay-corrected tracer tissue concentration
(Bg/g), di is the injected dose (Bq) and w is the patient's body
weight (g). The maximum SUV (SUVmax) was recorded for
each lesion after applying regions of interest (ROI) in the
transaxial attenuation-corrected PET slices, around the pixels
showing the greatest accumulation of [*F]FDG.

For diagnostic reasons, the lymph nodes were divided into
the following groups: cervical, axillary, hilar and peribron-
chial, other mediastinal lymph nodes (precarinal, subcarinal,
paratracheal, prevascular and aortopulmonary window) and
abdominal. The SUVmax was defined from the lesion with the
highest ['*F]JFDG uptake of each organ or every lymph node

group.

Data analysis. The imaging findings were classified as
true-positive for local recurrence or metastasis if confirmed by
one of the following criteria: a) positive histopathology results
from biopsies or resections; or b) the presence of a detectable
lesion at the corresponding site in follow-up conventional
imaging studies.

Statistical analysis. In order to compare the ['"*F]JFDG uptake
in the patients of the present study, ["*FIFDG-PET/CT scans
were randomly selected if they were performed between
June and September 2011 for the detection of possible recur-
rence in patients with a history of NSCLC, with any type
other than BAC. Statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS 17.0) software.
Two-tailed paired t-tests were used to compare the categories
of parameters. P<0.05 was considered to indicate statistically
significant differences.

Results

In total, 24 diagnostic [®F]JFDG-PET/CT scans were
performed in 22 patients and retrospectively reviewed. In all
cases there was histological confirmation of BAC following
surgical excision (lobectomy or sphenoid removal) in
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Table I. Patient characteristics and ["*F]JFDG-PET/CT findings.
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Age (years)/ Reason for Comparison ["*F]
Patient ID gender reference ["*FIFDG-PET/CT findings SUVmax FDG-PET/CT with CT
1 55/F Recurrence Mediastinal lymph nodes 24 Fewer lesions with no
Brain 70 change in staging
2 65/M Recurrence Negative - Downstaging
74/M Recurrence Lymph nodes: Upstaging
Lung hilar 17.5
Mediastinal 33
Axillary 42
4a 58/F Restaging after Cervical lymph 30 Same findings
chemotherapy nodes
4b Restaging after Negative - Same findings
chemotherapy
5 67/M Recurrence Lymph nodes: Upstaging
Hilar/peribroncheal 6.1
Mediastinal 79
Abdominal 55
Bones 6.9
78/F Recurrence Pulmonary nodule 3.7 Same findings
58/'M Restaging after Negative - Same findings
chemotherapy
8 67/M Recurrence Multiple pulmonary nodules 4.7 More lesions with no
Lung hilar lymph nodes 70 change in staging
Mediastinal lymph nodes 7.5
9a 69/'M Restaging after Negative - Same findings
chemotherapy
9b Recurrence Local recurrence 5.7 Fewer lesions with no
Mediastinal lymph nodes 6.7 change in staging
Bones 9.7
Adrenal gland 50
10 59/F Restaging after Negative - Same findings
surgery
11 49/M Restaging after Pulmonary nodule 34 Upstaging
surgery Mediastinal lymph nodes 5.8
12 70/F Recurrence Pulmonary nodule 10.0 Upstaging
Mediastinal lymph nodes 6.0
13 73/M Recurrence Local recurrence 9.8 Upstaging
14 52/M Restaging after Negative - Same findings
chemotherapy
15 76/M Recurrence Cervical/supraclavicular 3.8 Upstaging
lymph nodes
Axillary lymph nodes 11.5
Subcutaneous nodule 2.6
16 69/'M Recurrence Local recurrence 75 Same findings
Pulmonary nodules 90
17 75/M Recurrence Lymph nodes:
Peribroncheal 4.7 Upstaging
Mediastinal 4.0
18 55/M Recurrence Lung hilar lymph nodes 38 Upstaging
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Table I. Continued.
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Age (years)/ Reason for Comparison ["*F]
Patient ID gender reference ["*FIFDG-PET/CT findings SUVmax FDG-PET/CT with CT
19 77/M Restaging after Pulmonary nodule 2.1 Same findings
chemotherapy
20 60/M Restaging after Pulmonary mass 10.0 Same findings
chemotherapy
21 54/F Recurrence Pulmonary nodules 23 Upstaging
Local recurrence 10.5
Mediastinal lymph nodes 55
22 72/M Recurrence Lymph nodes:
Cervical/supraclavicular, 10.8 Upstaging
Lung hilar 11.3
Mediastinal 74

FDG-PET/CT, fluorodeoxyglucose-positron emission tomography/computed tomography; SUVmax, maximum standardized uptake value;

M, male; F, female.

21 patients and needle biopsy in the remaining patient. The
study group consisted of 16 male and 6 female patients, with
ages ranging between 49 and 78 years (mean, 65.1+8.9 years).
PET/CT scans were repeated when there was a suspicion of
new recurrence and the diagnosis was uncertain; thus, two
patients underwent a second PET/CT scan, 10 and 13 months
after the first, respectively. The study population characteris-
tics are shown in Table I.

Among the 24 [®F]FDG-PET/CT scans, 18 were posi-
tive and 6 negative. Among the positive [*FIFDG-PET/CT
scans, the lesions were located in lung nodules or masses
(8 cases), local recurrence in the surgical margin (4 cases),
pulmonary hilar and/or peribroncheal lymph nodes (6 cases),
mediastinal lymph nodes, including precarinal, subcarinal,
paratracheal, prevascular and aortopulmonary window
(10 cases), cervical/supraclavicular lymph nodes (3 cases),
axillary lymph nodes (2 cases), bones (2 cases), abdominal
lymph nodes (1 case), adrenal gland (1 case), brain (1 case) and
subcutaneous nodule (1 case).

Of the 18 positive scans, biopsies were performed in
9 cases and histological confirmation was achieved, while
5 of the remaining scans were classified as true-positive due
to the presence of a detectable lesion at the corresponding
site in follow-up conventional imaging studies. No data were
available for the remaining 4 cases. In cooperation with the
referral oncologists and after all the appropriate clinical and
laboratory examinations, other possible pathologies for these
patients were ruled out.

Among 15 patients examined with [*F]JFDG-PET/CT to
assess for suspected recurrence, the median follow-up between
the initial diagnosis and surgery and the [*F]JFDG-PET/CT
scan was 33.45 months (range, 4 months to 8 years). Of the
15 scans performed for suspected recurrence, upstaging was
observed in 9 and 2 were in agreement with the findings of
the conventional modalities. A greater number of lesions was
detected in 2 scans and fewer lesions were detected in one,
with no change in staging, while one [*FIFDG-PET/CT scan

Figure 1. [*FIFDG-PET/CT image of a 74-year-old male patient, 4 months
after the initial surgery. The [*F]JFDG-PET/CT performed to assess for sus-
pected recurrence showed increased uptake of [*F]FDG in the left axillary
lymph nodes (SUVmax = 4.2), right hilar lymph nodes (SUVmax = 17.5)
and lymph nodes in the anterior mediastinum, behind the sternum
(SUVmax = 3.3). The previously performed CT had not correctly assessed
the mediastinal lymph nodes due to their small size. FDG-PET/CT, fluorode-
oxyglucose-positron emission tomography/computed tomography; SUVmax,
maximum standardized uptake value.

was negative in a patient with equivocal findings in CT. The
[®F]-FDG PET/CT scans detected 34 lesions and the mean
SUVmax was 6.8+3.26 (range, 2.3-15.2).

There were a number of cases where [*F]JFDG-PET/CT
imaging led to upstaging. The detection of mediastinal lymph
nodes which were not detectable in previous CT scans led to
upstaging from NO or N1 to N2 (6 cases; Fig. 1, patient ID 3
Table I). The detection of distant metastases in the bone and
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Figure 2. [*F]FDG-PET/CT image of a 67-year-old male patient, 2 years after
the initial treatment. The [*F]JFDG-PET/CT performed to assess for sus-
pected recurrence showed increased uptake of [*FJFDG in the mediastinal
lymph nodes (SUVmax = 6.1), including the right paratracheal, precarinal,
subcarinal and right hilar lymph nodes (SUVmax = 7.9), a left superior
mesenteric lymph node (SUVmax = 5.5) and the body of the second lumbar
vertebra (SUVmax = 6.9). The previously performed CT had not revealed
the lesions in the vertebra and the mesenteric lymph node. FDG-PET/CT,
fluorodeoxyglucose-positron emission tomography/computed tomography;
SUVmax, maximum standardized uptake value.

abdominal lymph nodes resulted in upstaging from MO to M1
(1 case; Fig. 2, patient ID 5 Table 1), while in 2 cases ['*F]
FDG-PET/CT detected local recurrence and hilar lymph
nodes, which were considered to be posttreatment rather than
pathological lesions in CT. In patients where [*FJFDG-PET/CT
detected a greater number of lesions with no change in staging,
these findings were due to the detection of more mediastinal
Iymph nodes.

By contrast, among the patients examined for restaging
following surgery or chemotherapy/radiotherapy, there was
agreement between the findings of [*FIFDG-PET/CT and
conventional modalities in 8 out of 9 cases. In 3 cases, the
findings were in agreement with the findings of conventional
modalities, while 5 patients had negative *F-FDG PET/CT
scans, which was in agreement with the negative conventional
imaging performed the previous month. Consequently, there
was discrepancy between the findings of ["*FIFDG-PET/CT
and the conventional imaging methods in only one patient.
There were only 5 lesions with a mean SUVmax of 4.86+3.18
(range, 2.1-7.9).

Discussion

Although the revised WHO definition strictly defines BAC as
having absolutely no evidence of invasion, adenocarcinoma
may display a range of BAC features due to predominant
BAC with only a small focal area of invasion to a lesion that
has BAC features only at the periphery of the tumor (12,13).
Pure BAC, by definition, is not associated with lymph-node
or distant metastases (13). The original feature of adenocarci-
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noma with BAC features is the intrapulmonary dissemination
of the disease due to bronchial or lymphatic spread, leading
to a high frequency of local or regional evolution and rare
metastatic dissemination (13,14). Among patients with mixed
BAC tumors, 10-25% have mediastinal nodal involvement and
5% present distant metastases (14).

All the patients included in the present study had known
BAC, according to the referral oncologists, based on the
histological examination following surgery. Taking into
consideration the present data, we conclude that it is possible
that certain patients had mixed BAC with adenocarcinoma
components rather than pure BAC and that the pathologists
who examined the tumors did not separate the mixed type
from pure BAC. It is likely that the different classifications
used, concerning the pathological discrimination between pure
BAC and mixed type, are responsible for the large range in
the rates of incidence of BAC among various series (4,15-17).
Consequently, BAC is reported to account for 4-29% of
NSCLC (4,15-17). Studies have suggested an increase in the
incidence of BAC histology in the past 30 years (15,18). One
explanation for this apparent increase is that pathologists have
begun to report BAC features more frequently (4).

The present study showed that ["SFIFDG-PET/CT was
useful in the detection of suspected recurrence in patients
with BAC and clinical symptoms and/or equivocal findings in
conventional imaging methods, mainly CT. In 9 out of 15 cases
(60%), the ["*FIFDG-PET/CT scans upstaged the patients
to a higher TNM stage, identifying sites of recurrence in
organs or lymph nodes that were not detectable with previous
conventional imaging methods and taking advantage of the
whole-body scanning. By contrast, ["*FI[FDG-PET/CT did
not appear to be as useful for examining patients to assess for
restaging soon after surgery or chemotherapy. Only 1 case out
of 9 (11%) had different results from the conventional imaging
methods. This difference may be explained by the fact that if a
tumor recurs, it is definitely more aggressive than a pure BAC.

Due to the usefulness of ["*F]JFDG-PET/CT in the detec-
tion of BAC recurrence, we decided to focus on this indication.
Early detection of recurrence is important in order to make
early decisions for the appropriate treatment. Several studies
have been performed on the usefulness of [*FJFDG-PET
and [®F]FDG-PET/CT in the detection of recurrence in the
other subtypes of NSCLC, but not BAC, and have shown that
this method is able to confirm or exclude tumor recurrence
in cases with equivocal findings in CT, with a reported sensi-
tivity of 97-100% and specificity of 62-100% (19-20). Similar
results were observed in the present study for patients with
BAC who underwent [*F]FDG-PET/CT to assess suspected
recurrence.

In the literature, there are studies concerning the role of
[®F]FDG-PET and [®*F]JFDG-PET/CT in the detection of BAC
for the initial diagnosis, but not recurrence (21-25). The first of
these studies was in 1998 and showed that ["*F]FDG-PET was
not able to initially detect BAC as the mean SUV in BAC was
significantly lower compared with well- and poorly differenti-
ated adenocarcinomas (22,23,25). Only approximately half of
patients with BAC have a maximum SUV >2.5, the commonly
accepted threshold for distinguishing benign from malignant
lung lesions (14). This lower ["*FIFDG uptake appears to be
due to the low metabolic activity of BAC tumors and their
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slower proliferative activity in comparison with other types of
lung cancer (21,22,25).

With regard to adenocarcinomas with a BAC component,
a study that used the 1999 WHO definition demonstrated that
the diagnostic accuracy of [*FIFDG-PET was similar between
patients with adenocarcinoma with a BAC component and
those with other types of NSCLC, with a sensitivity of
~90% (21). However, metabolic imaging with [*FIFDG-PET
was less accurate in patients with pure BAC lesions (100%
BAC component) without invasive components (21,26).
However, the mean SUVmax for adenocarcinoma with a
BAC component was significantly lower compared with
other types of NSCLC. The mean SUVmax for adenocar-
cinoma with a BAC component was 7.2 while it was 13.33
in other types of NSCLC (P<0.0001) (21). Additionally, a
correlation was observed between [*FIFDG uptake and BAC
components (P=0.01) (21). The average SUV value of pure
BAC was lower (SUVmax = 3.5) than in non-BAC adeno-
carcinoma (SUVmax = 8.8) and squamous cell carcinoma
(SUVmax = 10.8) (22).

These findings are similar to the results of the present
study. The mean SUVmax of the 34 sites of recurrence with
["®FIFDG uptake was 6.8+3,26. In order to compare this
uptake, the [*FIFDG-PET/CT scans of 29 patients, performed
between June and September 2011 to assess suspected recur-
rence of NSCLC of any type except BAC, were randomly
selected. In total, 17 patients with adenocarcinoma and 12 with
squamous cell lung cancer were studied. The mean SUVmax
of the 49 sites of recurrence in this group of patients was
9.1£5.5. Tt is clear that the [®*F]JFDG uptake of BAC recur-
rence sites was lower than those of the other types of NSCLC.
An independent-sample t-test was performed to compare the
SUVmax of the two groups of patients. This showed that there
was a statistically significant difference in the scores for BAC
(mean, 6.8; SD, 3.26) and other types of NSCLC (mean, 9.1;
SD, 5.50); t(79)=-2.3, P=0.022.

The lower [*F]FDG uptake of BAC and adenocarcinomas
with a BAC component according to certain studies may
occur due to different levels and extents of expression of the
glucose transporter, Glut-1 (27). It is known that facilitative
glucose transport across the plasma membrane is mediated
by a family of structurally related proteins, known as facili-
tated diffusion glucose transporters, or Gluts (28). Glut-1
is the major glucose transporter expressed in NSCLC (28).
Glut-1 expression correlates with [*F]JFDG uptake and has
an essential role in high [*F]FDG accumulation. The degree
of cell differentiation is correlated with Glut-1 expression
and [®F]FDG uptake in adenocarcinoma of the lung, with
increased expression of Glut-1 associated with a lesser degree
of differentiation (28). The rate of glucose uptake via glucose
transporter is regulated under conditions associated with cell
proliferation, differentiation or transformation (28). Changes
in the rates of glucose uptake and the overexpression of
glucose transporters are also associated with adaptation to
hypoxia, partly due to increased dependency on glycolysis
as an energy source, a condition that may arise in rapidly
growing tumors (29). Consequently, Glut expression reflects
the biological behavior of cancer cells. It is reported that
enhanced ["®F]FDG uptake via the overexpression of Glut-1
may be associated with aggressive tumor behavior and poor
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prognosis for NSCLC. Glut-1 expression and ['*F]JFDG uptake
were significantly lower in BAC than in non-BAC cases (28).
A previous study showed that 85.7% of BACs were negative
for Glut-1 expression in histological examinations, while the
corresponding value for non-BAC adenocarcinomas was
only 4.3% (P<0.0001) (28).

As has already been mentioned, BAC is a source of
false-negative findings in [*FJFDG-PET/CT imaging. Several
studies have been performed using radiopharmaceuticals that
follow the lipid metabolism, such as !'C or '®F-choline (30-32).
Choline is an essential component of the phospholipids in the
cell membrane. Cancer cells are able to actively incorporate
choline to produce phosphatidyl choline to facilitate cancer
cell duplication. Certain malignant tumors show a high prolif-
eration rate with an increased cell membrane metabolism that
leads to increased choline uptake (30). However, until now,
studies have revealed no superiority of ''C or *F-choline over
[*FIFDG-PET/CT for detecting lesions with a BAC compo-
nent.

In conclusion, the present study indicates that in patients
with known lung cancer diagnosed as BAC, imaging with ["*F]
FDG-PET/CT was able to offer more information concerning
the detection of recurrence sites, with high accuracy. The
[®F]FDG uptake of BAC, as measured with the semi-quantita-
tive factor SUVmax, is lower than the uptake of the other types
of NSCLC but high enough to contribute to the accurate detec-
tion of recurrence. Although it is known from several studies
that ['*F]JFDG-PET/CT has a low sensitivity with regard to the
initial diagnosis of BAC, there are no other published data on
the role of [®*F]JFDG-PET/CT in the detection of recurrence for
this type of cancer.
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