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ARTICLE INFO ABSTRACT

Keywords: Objectives: The purpose of this study was to investigate whether fluorodeoxyglucose (FDG) accumulation is
Lung cancer associated with the expression of microenvironmental factors in radiological pure-solid lung adenocarcinoma.
18F-FDG PET

Methods: We selected 50 cases involving patients with clinical stage IA radiological pure-solid lung adeno-
carcinoma who were examined with 18 F-FDG positron emission tomography (18 F-FDG PET) prior to surgery
and whose FDG-PET maximal standardized uptake values (SUVmax) were calculated. Tumor specimens were
analyzed by immunohistochemistry (IHC) for phosphorylated AKT (pAKT), glucose transporter type 1 (GLUT-1),
carbonic anhydrase IX (CA IX), podoplanin-positive cancer associated fibroblasts (PDPN + CAFs), and CD204-
positive tumor-associated macrophages (CD204+ TAMs). We compared the clinicopathological characteristics
and the immunophenotypes between two groups with high and low SUVmax.

Results: A multivariate analysis revealed that SUVmax was an independently significant prognostic factor
(P = .03). The 5-year overall survival (OS) and recurrence free survival (RFS) rates of the SUV max high and low
groups were 68.0% versus 100% ((P = .002; OS) 54.3% versus 90.8% (P < .001; RFS)), respectively. Vascular
invasion, pleural invasion, and the prevalence of solid predominant subtype tumors were more frequent in the
SUVmax high group. Additionally, the expression levels of GLUT-1 and pAKT in cancer cells were significantly
higher in this group (P < .001, and P < .001 respectively). Furthermore, the numbers of the tumor-promoting
stromal cells, i.e., PDPN + CAFs and CD204 + TAMs, were also significantly higher in the SUVmax high group
(P =.001, and P < .001 respectively).

Conclusion: Our results indicated that a close association exists between the SUVmax and expressions of not only
metabolism associated markers in cancer cells but also of tumor promoting markers in stromal cells among
patients with clinical stage IA adenocarcinoma with radiologically pure-solid nodules.

Tumor microenvironment

1. Introduction

The maximum standardized uptake value (SUVmax) on positron
emission tomography with [18F] fluorodeoxyglucose (18F-FDG PET) is
a promising modality for predicting the prognosis and invasiveness of
lung adenocarcinoma [1,2]. Especially in cases where tumors had pure-
solid appearances on thin-section CT scans, the SUVmax on PET re-
flected the levels of tumor invasiveness and had a great effect on the
prognoses [3]. The SUVmax has been shown to be associated with

histology in lung cancer. The low SUVmax levels correlated well with
lepidic predominance among clinical stage IA radiologic pure-solid lung
adenocarcinoma patients [4]. On the other hand, Kadota et al. reported
that, among patients with the same histological grade of stage I lung
adenocarcinoma based on the International Association for the Study of
Lung Cancer/American Thoracic Society/European Respiratory Society
(IASLC/ATS/ERS) classification, patients with high SUVmax were at a
higher risk of recurrence than those with low SUVmax [5]. Thus, the
SUVmax levels provide information on the biological behaviors among
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tumors beyond their histological differences.

The relationship between the cancer cell physiology and quantita-
tive FDG uptake on PET has been investigated. Compared to normal
cells, cancer cells often have higher rates of glucose metabolism to
support their rapid proliferation. Furthermore, under low oxygen
supply, highly proliferative tumor cells switch their glucose metabolism
pathway away from mitochondrial oxidative phosphorylation to gen-
erate lactate. 18 F-FDG uptake is seemingly regulated by the glucose
metabolism based on the data demonstrating that the overexpression of
glucose transporter type 1 (GLUT-1) is significantly correlated with this
uptake in human neoplasms [6]. Several studies have shown that higher
SUVmax on 18 F-FDG PET is associated with elevated tumor levels of
GLUT-1 and the results of the former study revealed that the amount
of 18 F-FDG uptake was closely correlated withPI3K/Akt/mTOR sig-
naling pathway [7,8].

Cancer tissue comprises not only of cancer cells but also of different
kinds of stromal cells, which are commonly found in association with
cancer cells [9]. While epithelium cells have been investigated for a
long time, it is not yet well known how stromal cells influence cancer
metabolism. A recent study has proposed a new idea called the “reverse
Warburg effect.” According to this theory, the epithelial cancer cells
instruct the normal stroma to transform into cancer-associated fibro-
blasts (CAFs); following this, aerobic glycolysis is induced in the CAFs,
which then produce energy-rich metabolites, such as lactate and pyr-
uvate, that are secreted and used by epithelial cells to generate ade-
nosine tri-phosphate (ATP) [10]. Lisanti et al. showed that CAFs in-
creased their glucose uptake when the cancer cells and fibroblasts co-
cultured, and they suggested that PET imaging of human tumors may be
specifically detecting the tumor stroma rather than epithelial cancer
cells [11]. In addition to fibroblasts, the tumor microenvironment
consists of various cell types, including tumor infiltrating lymphocytes
(TILs) and tumor-associated macrophages (TAMs) [12,13]. A former
study reported that FDG was actively entrapped in not only neoplastic
tissue but also tumor-related activated immune cells, such as the TILs
and TAMs [14,15].

Based on former studies, we speculated that FDG uptake might be
associated with stromal cell markers. We have previously reported that
podoplanin-positive CAFs (PDPN + CAFs) as well as CD204-positive
TAMs (CD204 + TAMs) have tumor-promoting functions in lung cancer
[16,17]. In this study, we tried to examine the correlation between
SUVmax on '®F-FDG PET and the expression of tumor promoting
stromal markers.

To this end, we only focused on radiologically pure-solid lung
adenocarcinoma to keep our subjects homogeneous.

2. Material and methods
2.1. Patients

To select the study participants, we retrospectively searched
through our institute’s database for patients who had undergone com-
plete tumor resections by lobectomy, and complete hilar and mediast-
inal lymph node dissection for clinical stage IA lung adenocarcinoma
between January 2006 and December 2012. Among 772 patients, 116
patients underwent a preoperative evaluation via 18 F-FDG-PET.
Patients who had previously received lung surgeries or preoperative
therapies, including chemotherapy and radiotherapy, were excluded
from this study. Any clinical stage IA lung adenocarcinoma case in-
volving a ground-glass opacity (GGO) component was excluded from
the study. The remaining 50 patients were retrospectively evaluated in
this study. This study was approved by the institutional review board of
the National Cancer Center (approval numbers 2018-021). Each patient
was informed that his or her clinical data could be used for various
studies and comprehensive informed consent was obtained on that
basis.
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Table 1
Univariate and multivariate analysis on factors influencing disease free sur-
vival.

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) P Value HR (95% CI) P Value
Age 1.02 (0.97-1.09) 0.42
Sex (male) 0.97 (0.33-2.76) 0.95
Smoking Index 1.00 (0.99-1.00) 0.16
Maximum tumor size 1.77 (0.66-4.76) 0.25
(cm)
Air-brinchogram 0.57 0.34
(absent) (00.18-1.83)
SUVmax 1.25 (1.10-1.43) <0.01 1.18 0.03
(1.02-1.38)
CEA (ng/mL) 1.09 (1.04-1.14) <0.01 1.06 0.03
(1.01-1.11)

2.2. Radiologic evaluations on thin-section computed tomography (CT)
scans

For all patients, thin-section CT scans were performed to assess the
clinical staging. The X-vigor CT system (Toshiba Medical Systems,
Tokyo, Japan) was used to perform the CT scans, and the CT images
were evaluated on a monitor display with a window level of 600
Hounsfield units and a window width of 1800 Hounsfield units. Tumor
sizes were determined preoperatively based on thin-section CT scans
with a 1-2 mm collimation in the lung window. In the current study, a
radiologic pure-solid tumor was defined as one that did not include a
GGO component, which in turn was defined as an area of increased
hazy density that did not obscure the underlying vascular structure
within the area being scanned.

2.3. FDG-PET/CT

As detailed in a previous study [18], the FDG-PET/CT examinations
were performed with a Discovery LS8 (GE Healthcare, Milwaukee, WI,
USA). The axial field of view (FOV) was 15.7 cm, and spatial resolution,
6.2mm of full-width-half-maximum. The PET scans were performed
using a two-dimensional acquisition mode from the thigh to the skull
base with seven bed positions. Each bed position included 1 min of
transmission scanning and 5 min of emission scanning.

The CT component of both the PET/CT scanners was a 16-row
multidetector CT scanner; CT images were acquired with a tube voltage
of 140kV, and the tube current was automatically set using the auto-
exposure control function to limit the number of standard deviations
caused by noise to 10. The attenuation corrections of the PET images
were performed using the data from the CT images. The PET images
were reconstructed via an iterative reconstruction with an ordered-
subset expectation maximization algorithm (two iterations, 14 subsets)
and were reformatted into transverse, coronal, and sagittal views. All
the PET and CT images were interpreted by experienced radiologists.

2.4. Histological evaluation

All specimens were fixed with 10% formalin or methanol via infu-
sion through the bronchial tree and then embedded in paraffin. The
tumors were sliced at approximately 5 mm intervals, and serial 4 pm
sections were stained with hematoxylin-eosin (H-E). The Alcian blue-
periodic acid Schiff and Verhoeff-Van Gieson (VVG) staining methods
were performed to visualize cytoplasmic mucin production and elastic
fibers, respectively. All the slides, each mounted with a section re-
presenting the maximum surface area of the tumor from each case,
were coded, masked for identifiable information, and reviewed by two
pathologists (T.I. and G.I.). Vascular and pleural invasions were de-
termined by VVG staining. Lymphatic permeation was determined via
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Fig. 1. Overall survival and recurrence free survival rates of the SUVmax high
and low groups. Kaplan-Meier curves showing overall survival (A) and recur-
rence-free survival (B) of patients according to the 18F-FDG uptake.

sections stained with H-E. Histological diagnoses were based on the 4th
revised World Health Organization (WHO) histologic classifications.
The specimens were classified as lepidic, acinar, papillary, solid, or
micropapillary according to the 4th edition of the WHO Classification of
Tumors of the Lung, Pleura, Thymus and Heart; the percentages of each
subtype were shown in the histology reports, with the subtype occu-
pying the largest area considered as the predominant subtype. The in-
vasive component was clearly defined according to the IASLC/ATS/ERS
consensus report. All the tumors were staged pathologically using the
8th edition of the TNM classification of lung cancer published by the
IASLC.

2.5. Immunohistochemical staining

Immunohistochemical staining was performed according to a pre-
viously reported method [19]. For the markers of carcinoma cells,
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Table 2
Clinicopathological differences between SUV max high and low.
Variables SUV max high SUV max low p-value
(SUVmax = 5.4) (SUVmax < 5.4)
(n =25) (n =25)
Age (range) 70 (76-93) 69 (76-81) 0.72
Gender
Male 13 (52%) 12 (48%) 0.99
Female 12 (48%) 13 (52%)
Smoking status
Never smoker 10 (40%) 14 (56%) 0.40
Ever smoker 15 (60%) 11 (44%)
CEA (ng/ml)
= 5.0 12 (48%) 21 (84%) 0.02
> 5.0 13 (52%) 4 (16%)
Radiological maximum 2.4cm (1.2-2.8) 1.9cm (1.1-3.0) 0.06
tumor size
Clinical T stage
cT1b 8 (32%) 14 (56%) 0.15
cTlc 17 (68%) 11 (44%)
Air-bronchogram 8 (32%) 12 (48%) 0.38
PN status
NO 19 (76%) 24 (96%) 0.09
N1-N2 6 (24%) 1 (4%)
Lymphatic permeation
Absent 18 (72%) 22 (88%) 0.29
Present 7 (28%) 3 (12%)
Vascular invasion
Absent 7 (28%) 21 (84%) < 0.01
Present 18 (72%) 4 (16%)
Pleural invasion
Absent 13 (52%) 22 (88%) 0.01
Present 12 (48%) 3 (12%)
Pathological maximum 2.5cm (1.0-3.2) 1.8cm (1.0-3.6) 0.01
tumor size
Pathological invasive size 2.3 cm (1.0-3.2) 1.5cm (0.2-2.5) < 0.01
Pathological stage < 0.01?
1A1 1 (4%) 7 (28%)
1A2 1 (4%) 12 (48%)
1A3 9 (36%) 2 (8%)
1B 7 (28%) 3 (12%)
1A 0 0
1B 1 (4%) 1 (4%)
1A 6 (24%) 0
Predominant subtype 0.01
lepidic 0 2 (8%)
acinar or papillary 15 (60%) 21 (82%)
solid 10 (40%) (8%)

PAKT (1:50, Cell Signaling Technology Inc.), GLUT-1 (1:500, SPRING
Bioscience), and carbonic anhydrase IX (CA IX) (1:500, Proteintech)
were evaluated. For stromal cell markers, CD204 (1:400, SRA-E5, Trans
Genic, Japan) was used as a tumor associated M2 macrophage marker,
and PDPN (1:50, D2-40, Acris Antibodies) was used as a tumor pro-
moting CAF marker.

2.6. Calculation of immunohistochemical scores

Immunostaining scores were the products of the staining-intensity
scores and percentages of positively stained cells, except for CD204 +
cells. The staining intensity scores were as follows: 0 (negative; total
absence of staining), 1+ (weak staining), and 2+ (strong staining);
these were multiplied by the percentages of immunohistochemically
stained tumor cells per section (0-100%), resulting in scores ranging
from 0 to 200. The numbers of CD204+ TAMs were counted under a
light microscope using high power fields (HPF, 400 x :0.0625 mm?/
field) because TAMs are countable. The averages of the number of
positive cells in 3 HPFs were recorded as the scores of CD204 + TAMs.
All the immunohistochemical slides were evaluated by two independent
pathologists (T.I. and G.1.). Both were unaware of the clinical and pa-
thological information.
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2.7. Statistical analysis

The cumulative overall survival and recurrence free survival rates
were estimated by the Kaplan-Meier method and compared using the
log-rank test. The date of surgical resection was set as the starting point
and the date of death or last date of follow-up as the end point.
Univariable and multivariable Cox regression analyses were performed
to assess the impact of the subgroups on overall survival for only
clinical and radiological factors. Unpaired t-test or chi-square test was
used to compare clinicopathological factors between two variables.
Mann- Whitney U test was used for immunostaining scores. For rank
correlation, we used Spearman’ correlation coefficient test. All the
statistical calculations were performed by JMP software (version 10.0,
SAS Institute, Cary, NC). Statistical analysis was considered significant
when the probability value was less than 0.05.

3. Results
3.1. Association between clinical factors and recurrence

Fifty patients with a median age of 69 years (range, 38-93), who
had clinical stage IA lung adenocarcinoma with lobectomies and lymph
node dissections were included in this study. Twenty-four (48%) were
male, and 26 (52%) were smokers. The median SUVmax of all the
primary tumors was 5.3 (range, 0-16.9). The average radiological
maximum tumor diameter was 2.1 cm. The numbers of patients at
clinical stage IA1, IA2, IA3 were 0, 22 (44%), and 28 (56%), respec-
tively.

Firstly, univariable and multivariable Cox regression analyses were
performed to assess whether SUVmax was the prognostic factor in this
cohort or not. The univariate analysis on the data associated with RFS
demonstrated that SUVmax (P < .01) and the serum carcinoembryonic
antigen (CEA) levels (P < .01) were significantly associated with poor
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Fig. 2. Proportion of histological subtypes in
each of the cases. Each of the cases were ar-
ranged according to the SUVmax. Blue: lepidic
predominant component, yellow: acinar and
papillary predominant components, and black:
solid predominant component (For interpreta-
tion of the references to colour in this figure
legend, the reader is referred to the web version
of this article).
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prognoses. The multivariate analysis revealed that SUVmax (hazard
ratio [HR], 1.18; 95% confidence interval [CI], 1.02-1.38; P = 0.03) as
well as CEA levels (HR, 1.06; 95% CI, 1.01-1.11; P = 0.003) were in-
dependent prognostic factors (Table 1).

3.2. Prognosis of patients according to 18 F-FDG uptake on PET

Furthermore, we divided the clinical stage IA pure-solid lung ade-
nocarcinomas into two categories based on the SUVmax. We considered
patients with “SUVmax > median” as the “SUVmax high group”
(n = 25). The same was done for patients with a “SUVmax < median,”
who were allocated to the “SUVmax low group” (n = 25).
Supplemental Fig. 1 shows representative thin-section CTs and PET-CTs
in patients with low and high 18 F-FDG uptakes. The median follow-up
time in censored cases was 5.2 years. The five-year OS (Fig. 1A) and
five-year RFS (Fig. 1B) rates were significantly higher in patients with
low 18 F-FDG uptakes than those in patents with high 18 F-FDG uptakes
(100% vs. 68.0%, P = 0.002; 90.8% vs. 48.9 and 54.3%, P < 0.001,
respectively)

3.3. Clinicopathological differences between the SUVmax high and low
groups

Table 2 presents the results of an evaluation of the relationships
between the data of the SUVmax high and low groups. Clinically, pa-
tients with low SUVmax showed significant serum CEA levels of 5ng/
mL or less (P = 0.02). The radiological maximum tumor sizes and the
number of clinical Tlc patients were considerably higher in the
SUVmax high group though the difference was not statistically sig-
nificant (P = 0.06, and 0.15 respectively). Pathologically, vascular and
pleural invasions were more common in patients with high SUVmax.
Median total and invasive tumor sizes were 2.5 and 2.3cm in the
SUVmax high group (range, 1.0-3.2 cm, respectively). Compared to the
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Fig. 3. Immunohistochemical staining for phosphorylated AKT (pAKT), glucose transporter type 1 (GLUT-1), podoplanin-positive cancer associated fibroblasts
(PDPN + CAFs), and CD204 positive tumor associated macrophages (TAMs) in specimens from the SUVmax high and low groups, respectively.

SUVmax low group, both total and invasive tumor sizes were sig-
nificantly large in this group. (P = 0. 01, and < 0.01 respectively) The
number of patients with pathological stage IB or higher was 14 (56%) in
the SUVmax high group and 4 (16%) in the SUVmax low group
(P < 0.01). A histological subtype evaluation revealed that solid pre-
dominant lung adenocarcinoma was more frequent in the patients with
high SUVmax (10 of 25 (40%)) than in those with low SUVmax (2 of 25
(8%)) (P = 0. 02). Fig. 2 presents the proportion of the histological
subtypes in each of the cases, which were arranged in the order of the
levels of SUVmax from left to right. A large proportion of tumors from
the cases with lower SUVmax were comprised of the lepidic pre-
dominant subtype. On the other hand, the solid predominant subtype
accounts for the largest proportion among the cases with higher
SUVmax.
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3.4. Correlations between SUVmax and immunochemical staining scores

GLUT-1 (Fig. 3A and B) and pAKT (Fig. 3C and D) expressions
within tumor cells were significantly higher in patients from the
SUVmax high group compared with in patients from the SUVmax low
group (P < 0.01). The staining scores (expressed as means = SD) of
PDPN + CAFs (Fig. 3E and F) in the SUVmax high and low groups were
16.4 + 19.8 and 4.8 = 10.5, respectively, and the corresponding
scores for CD204+ TAMs (Fig. 3G and H) were 37.9 = 34.2 and
14.8 + 15.9, respectively. These scores in the SUVmax high group
were significantly higher than those in the SUVmax low group
(PDPN + CAFs: P = 0.01, CD204+ TAMs: P < 0.01) (Fig. 4 and
Supplemental Table 1). We found a statistically significant correlation
between SUVmax with the expressions of PDPN + CAFs (rho = 0.51;
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Fig. 4. Inmunohistochemical scores of phosphorylated AKT (pAKT), glucose transporter type 1 (GLUT-1), carbonic anhydrase IX (CA 9), podoplanin-positive cancer
associated fibroblasts (PDPN + CAFs), and CD204 positive tumor associated macrophages (TAMs) according to the SUVmax.

P < 0.001) and CD204 + TAMs (tho = 0.43; P = 0.002). Also, GLUT-1
and pAKT expressions in cancer cells strongly correlated with SUVmax
(tho = 0.56; P < 0.001, and rho = 0.33; P = 0.02). (Supplemental
Fig. 2)

4. Discussion

Cancer cells frequently have predominantly glycolytic metabolisms
that are required for the growth of tumors as outlined by the "Warburg
effect." 18 F-FDG uptake on PET is seemingly regulated by glucose
metabolism, and previous studies have demonstrated the correlation
between tumor 18 F-FDG uptake and GLUT-1 expression in human
neoplasms. However, there are no studies on the correlation of 18 F-
FDG uptake with the number of stroma cells of the tumor micro-
environment. In this study, we examined the relationship between the
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microenvironmental factors and FDG uptake on PET, and we found that
the numbers of tumor promoting stromal cells such as the
PDPN + CAFs and CD204+ TAMs were higher in patients with high
SUVmax on 18 F-FDG PETs. To our knowledge, this is the first study to
investigate the correlation between the 18 F-FDG uptake and the
numbers of tumor promoting stromal cells.

In this study, GLUT-1 and pAKT expressions within tumor cells were
significantly higher in patients from the SUVmax high group. These
results agree with those of previous studies [7,8]. In addition, solid
predominant lung adenocarcinoma was more frequent in the patients
with high SUVmax (P = 0. 02). Former studies have reported on a
positive association between the SUVmax and histologic grade. Hattori
et al. revealed that the SUVmax was an independently significant
variable of lepidic predominant adenocarcinoma [4]. Kadota et al.
studied the association between the SUVmax and histologic grade based
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on the IASLC/ATS/ERS classification. Solid predominant invasive ade-
nocarcinoma had the highest SUVmax, followed by acinar, papillary,
and lepidic predominant adenocarcinomas [5]. Kaira et al. demon-
strated that the glucose metabolism in cancer tissues measured on 18 F-
FDG PET/CT is a significant biomarker of the aggressiveness of tumors
[20]. The results of these studies are consistent with our results.

Hypoxia can increase GLUT-1 levels and glucose uptake, and a re-
lation between expression of glucose transporters and FDG uptake has
been reported [21,22]. Therefore, the degree of tumor FDG uptake may
reflect the level of hypoxia. In this study, we investigated the impact of
tumor hypoxia on the uptake of FDG, as assessed by the expression of
the CAIX, and there was no correlation between FDG uptake and CAIX.
This result is consistent with previous studies [23,24]. According to
these studies, FDG uptake does not seem to reflect the level of hypoxia.

We have previously shown that solid predominant adenocarcinoma
displayed a higher number of tumor-promoting stromal cells,
PDPN + CAFs and CD204 + TAM:s, than the other subtypes [25]. Thus,
the higher number of tumor-promoting stromal cells in the SUVmax
high group may be due to the solid predominant histological subtype.
We validated the association between the SUVmax and expressions of
tumor-promoting stromal markers in a more uniform cohort excluding
the solid predominant cases (predominant acinar or papillary subtype,
n = 36), (Supplemental Fig. 3). The expressions of PDPN + CAFs
(tho = 0.45; P < 0.001) and CD204+ TAMs (rho = 0.43; P = 0.002)
significantly correlated with the SUVmax. Thus, an abundance of tumor
promoting stromal cells (PDPN + CAFs and CD204 + TAMs) might lead
to higher SUVmax regardless of the histological subtype.

Recent studies showed that the FDG uptake might also be increased
in non-cancerous stromal cells in tumors [26,27]. However, it is not
clear whether the cancer cells that were instructed by the tumor pro-
moting stromal cells take up FDGs or whether the tumor promoting
stromal cells directly integrate FDGs. We could not confirm the answer
to this question in this study. Thus, our next study will aim to in-
vestigate the relationship between stromal cells and glucose metabo-
lism.

In the tumor microenvironment, large amount of lactate is released
as a result of glycolysis. Then, lactic acid has been shown to shape the
functional phenotype of the immune cells [28]. Colegio et al. showed
that lactate induced the expression of ARG-1 and VEGF in TAMs, and
polarized their activation toward to M2 state [29]. These reports sup-
port our result that SUVmax correlate with the number of CD 204
TAMs.

According to the current study, the prognoses of radiologically pure-
solid adenocarcinoma were different based on the SUVmax levels
(Fig. 1 and Table 1). Moreover, the SUVmax levels correlated well with
the pathological invasiveness of the cancer and the histologic subtypes
based on the IASLC/ATS/ETS classification (Fig. 2 and Table 2) Our
findings are compatible with former studies. A recent review by Nair
et al. examined the effects of FDG uptake on the survival rates of pa-
tients with early-stage non-small-cell lung carcinoma (NSCLC), and
they found substantial evidence that the degree of FDG uptake in the
primary tumor is associated with prognoses in patients with early-stage
NSCLC [2]. Hattori et al. reported that SUVmax levels were the sig-
nificant clinical factors that were predictive of the pathological invasive
status—pleural invasion, lymphatic invasion, vessel invasion, and nodal
metastasis—of resected clinical stage IA radiologically pure-solid lung
cancer [4,30].

There were several limitations in the current study. This was a
retrospective study carried out at a single institution on an ethnically
homogenous population. The total number of cases was relatively
small. However, this is the first study to investigate the correlation
between the 18 F-FDG uptake and the number of tumor-promoting
stromal cells in lung adenocarcinoma. This study suggests that the
SUVmax might be used as a noninvasive tool to assess the tumor mi-
croenvironment including the frequency of tumor promoting stromal
cells.
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