VATS BASILAR SEGMENTECTOMY

Hybrid VATS Approach

Hilar dissection and intersegmental dissection are
performed by using mainly direct visualization
through the access thoracotomy (the skin incision is
around 50 mm in length), which we call hybrid
VATS.12 When the intersegmental plane is being di-
vided by electrocautery, direct visualization during
the hybrid VATS approach is extremely important,
because a 3-dimensional understanding of the pul-
monary anatomy is crucial to avoid ambiguous pro-
cedures. We believe that inappropriate segmentec-
tomy is the equivalent of nonanatomical large wedge
resection.

Identification of the Intersegmental Plane by
Selective Jet Ventilation

We have used a novel method that we developed
to detect the intersegmental plane during segmen-
tectomy, which uses selective jet ventilation under
bronchofiberscopy.? With this method, the segment
to be removed can be inflated, while the segments to
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Figure 4. Transection of the central anatomical
intersegmental plane made along the
intersegmental vein around the hilum. After
dissection of B9 + 10, the peripheral stump of
B9 + 10 is then lifted, and the anatomical
intersegmental plane is used to separate B9 + 10
from the hilum structure. V6, V8, and V9 are
separately exposed and taped. The lung
parenchyma, along with V6b, V6c, V8a, and V8b,
is divided by electrocautery to separate the
resected S9 + 10 from the preserved S6 and S8.
(Color version of figure is available online at http://
www.semthorcardiovascsurg.com.)

ADDITIONAL TECHNICAL PEARLS AND
COMMENTS

Key steps for performing radical segmentectomy
with lymph node dissection for early-stage non-
small cell lung cancer (NSCLC) are as follows: (1)
patient selection, (2) hybrid VATS approach, (3)
identification of the intersegmental plane by selec-
tive jet ventilation, and (4) transection of the in-
tersegmental plane by electrocautery.

Figure 5. Transection of the intersegmental plane
by electrocautery. Transection of the lung
. . parenchyma tissue is then started from the
Patient Selection ] peripheral site along the inflated and deflated line
We perform segmentectomy with hilar and medi- by electrocautery. This peripheral inflation-
astinal lymph node dissection for patients with  deflation cutting line must be connected to the
¢TINO NSCLC of 2 cm or less, even in good-risk ~ central anatomical intersegmental plane made
patients. When lymph node metastases are evident along the intersegmental vein around the hilum.

by frozen section analysis or the resection margin is V8 + 10 running toward the inflated S9 + 10 is
y Y & identified and finally divided. (Color version of

not sufficient, the surgical procedure must be con- figure is available online at http:/www.
verted to a lobectomy. semthorcardiovascsurg.com.)
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be preserved are kept deflated. This technique is
completely opposite to the conventional method and
allows for clear visualization of the anatomical in-
tersegmental line between the segment to be resected
and the one to be preserved. We can see the real
surgical margin in the inflated segment and obtain a
good surgical field because of the small volume of the
inflated lung, which does not interfere with the
VATS approach.
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VATS BASILAR SEGMENTECTOMY

Transection of the Intersegmental Plane by
Electrocautery

Dissection of the intersegmental plane by elec-
trocautery but not staples reduces local failure at
the margin. In addition, free cutting (not stapling)
of the lung parenchyma is favorable and makes the
preserved adjacent segments fully expansive to
preserve maximum pulmonary function after the
procedure.

nique: Selective segmental inflation via broncho-
fiberoptic jet followed by cautery cutting. ] Thorac
Cardiovasc Surg 133:753-758, 2007
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Steroid Receptor Expression in Thymomas
and Thymic Carcinomas
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Thymomas and thymic carcinomas, the most common epithelial tumors of the anterior mediastinum, are com-
prised mainly of various percentages of lymphocytes and epithelial cells. The normal thymus is primarily comprised of
lymphocytes and thymic epithelial cells. These lymphocytes are comprised mainly of immature T cells called thymocytes.
During T-cell ontogeny in the thymus, thymocytes undergo a process of positive (maturation) or negative (apoptosis)
selection. Epithelial cells play an active role in promoting T-cell maturation, cither through the action of their humoral
substances or through direct contact with thymocytes.

Glucocorticoids (GCs), a class of steroid hormones, are important regulatory molecules that control inflammation,
cell growth, and differentiation through the activity of a specific intracellular glucocorticoid recepror (GR)." In the nor-
mal thymus, GR is expressed in not only immature thymocytes but also epithelial cells.** In thymomas, GR expression is
also observed in both epithelial cells and lymphocyres by immunohistochemical analysis.* The administration of GCs
induces apoptosis in thymocytes.® The administration of prednisone, the most potent GC, has demonstrated dramatic
responses in patients with refractory thymoma.” "3

Other steroids such as estrogen or progesterone regulate cell proliferation and other biological functions in various
neoplasms derived from hormone-dependent tissues, such as breast and endometrial cancers.'* These biological effects are
in general mediated through initial interactions with native receptors. Estrogen receptor (ER) and progesterone receptor
(PgR), 2 representative sex steroid receptors, have been detected in homogenates of the mature human thymus.">'¢ In
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addition, previous reports have indicated that ERs are
intimately involved in the regulation of thymic tumor
development and progression.'”""* Therefore, it is impor-
tant to examine the expression of GR and other steroid
receptors in thymic tumors.

However, to the best of our knowledge, currently,
the clinicopathological significance of GR, ER, and PgR
expression in thymoma and thymic carcinoma is
unknown. In the current study, we immunohistochemi-
cally analyzed the expression of GR, ERa, ERB, PgR-A,
and androgen receptor (AR) in thymic epithelial tumors
(thymomas and thymic carcinomas). We also analyzed
the correlation between the expression of these steroid
receptors and clinical features. These data will serve as
background information for studies assessing the predic-
tive value of molecular markers of sensitivity to antihor-
mone therapy.

MATERIALS AND METHODS

Patient Population

This study included 140 patients who underwent surgical
resection for a thymic tumor at the National Cancer Cen-
ter Hospital in Tokyo, Japan between 1973 and 2009 for
thymic carcinoma and between 1999 and 2009 for thy-
moma (Table 1). An institutional review board approved
this study.

All hematoxylin-and-eosin—stained slides, special
stains, and the immunohistochemical analyses available
were reviewed. Histologic diagnosis was based on the clas-
sification schema of the latest edition of the World Health
Organization classification.*’

Microarray Construction

The most representative tumor areas were sampled for the
tissue microarray (TMA). The TMAs were assembled
with a tissue-arraying instrument (Azumaya, Tokyo,
Japan). To reduce sampling bias because of tumor hetero-
geneity, we used 2 replicate cores measuring 2.0 mm in
diameter from different areas of individual tumors.

Immunohistochemical Analysis

For immunohistochemical staining, 4 pm-thick sections
were routinely deparaffinized. The sections were exposed
to 3% hydrogen peroxide for 15 minutes to block endoge-
nous peroxidase activity and then washed in deionized
water for 2 to 3 minutes. Heat-induced epitope retrieval
was performed with citrate buffer solution (pH 6.0)
(Muto Pure Chemicals Co., Tokyo, Japan) for GR and
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PgR-A or with Target Retrieval Solution (pH 9.0) (Dako
Corporation, Carpinteria, Calif) for ERB and AR. After
the slides were allowed to cool at room temperature for
approximately 30 minutes, they wete rinsed with deion-
ized water. The slides were then incubated with primary
antibodies against GR (1:200, H8004; Perseus Proteo-
mics, Tokyo, Japan), ERP (1:100, EMRO2; Leica,
Wetzlar, Germany), PgR-A (1:400, 636; Dako Corpora-
tion), and AR (1:100, AR441; Dako Corporation) for
1 hour at room temperature. Immunoreactions were detected
using the Envision-Plus system (Dako Corporation) and
visualized with 3,3'-diaminobenzidine; counterstaining was
performed with hematoxylin. Immunohistochemistry (IHC)
for the ERa antibody (1:100, CONFIRM Estrogen
Receptor SP1; Ventana, Tucson, Ariz) was processed by the
BenchMark XT automated slide processing system (Ven-
tana) according to the manufacturer’s protocol.

IHC Scoring System

The THC signal was evaluated using the Allred score,
which assessed ERd! status in breast carcinoma by THC.?!
This system was used because it was easy to learn and
highly reproducible.®! Briefly, a proportion score was
assigned, which represented the estimated proportion
of positively staining tumor cells (0 indicates none;
1, < 1/100; 2, 1/100 to < 1/10; 3, 1/10 to < 1/3; 4, 1/3
to < 2/3;and 5, > 2/3 ). An intensity score was assigned
based on the average estimated intensity of staining in
positive cells (0 indicates none; 1, weak intensity [immu-
noreactivity was only observed at x 100 magnification];
2, intermediate intensity [immunoreactivity was detected
at X 40 magnification but was weaker compared with
positive controls]; and 3, strong intensity [immunoreac-
tivity was easily detected at x 40 magnification]). The
proportion score and intensity score were added to obtain
a total score that ranged from 0 to 8. A total score of > 3
was defined as positive for ERa, ERB, PgR-A, and AR
(Fig. 1). For GR, the Allred score was determined using
3 criteria (ie, total scores of > 3, > 4, and > 5, to explore
the best threshold).

Statistical Analysis

We analyzed thymomas and thymic carcinomas and cate-
gorized the former into 3 groups: type A + AB, type B1 +
B2, and type B3 thymomas because although type A and
AB and type B1 and B2 have similar clinical behaviors,
type B3 differs from the other types of thymoma. In addi-
tion, we combined Masaoka stage into 2 groups for the
analysis: stage I + II and stage III + IV according to the
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Table 1. Patient Characteristics According to ERa, ERB, PgR-A, AR, and GR IHC Score?

All GR IHC
Patients
Variable Positive Negative
Sex
Male 53 45 8
Female 87 71 16
Age,y
Median 57.4 58.0 54.9
Range 25-84 25-84 32-74
Histology
(WHO)
Type A +AB 57 47 10
Type B14+B2 40 36 4
Type B3 6 5 1
Thymic 37 28 9
carcinoma
Masaoka
stage
] 98 84 14
H+ v 42 32 10
Tumor size,
cm
Median 6.01 6.03 5.92
Range 1.5-13 1.5-13 1.5-9.0

P
62

.69

43

a7

.030

ERa IHC

Positive Negative

10

57.1
25-79

w

12

6.24
1.5-13

43
78

57.5
28-84

55
29

34

35

5.97
1.5-12.5

P
15

.67

<.001

021

ERp IHC

Positive Negative

44
63

59.0
25-84

25

26

81
26

5.79
1.5-125

24

52.2
28-76

15

"

17
16

6.72
3.5-13

P
A5

18

<.001

.008

.18

PgR-A IHC

Positive Negative P

67
67

OO -0

52
87

57.4
25-84

39

37

97
42

6.01
1.5-13

.20

47

.51

37

Positive Negative

13
20

56.3
25-79

14
13

26

6.16
1.5-12

AR IHC

40
67

57.8
28-84

27

W

72

5.97
1.5-13

P
.84

15

.029

21

.87

Abbreviations: AR, androgen receptor; ER, estrogen receptor; GR, glucocorticoid receptor; IHC, immunchistochemistry; PgR-A, progesterone receptor A; WHO, World Health Organization.

#Missing data were excluded from the analysis.
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Figure 1. Representative images of positive immunohistochemical staining for glucocorticoid receptor (GR), estrogen receptor B
(ERB), and androgen receptor (AR) are shown. (a) GR expression in type A thymoma is shown (x 20). (b) GR expression in type
B2 thymoma is shown (x 20). (c) GR expression in thymric carcinoma is shown (x 20). (d) ERB expression in type A thymoma is
shown (x 10). (e) ERp expression in type B thymoma is shown (x 10). (F) ERB expression in thymic carcinoma is shown (x 10).
(9) AR expression in type AB thymoma is shown (x 20). (h) AR expression in type B2 thymoma is shown (x 20). (i) AR expres-

sion in thymic carcinoma is shown (x 20).

presence of invasion or metastasis to other organs. The
Mann-Whitney U test for continuous variables and chi-
square tests for categorical variables were used. A P value
< .05 was regarded as statistically significant. Overall sur-
vival (OS) curves were calculated using the Kaplan-Meier
method. Univariate survival analysis was performed with
the log-rank test and Cox proportional hazards regression.
Each variable was analyzed using the multivariate Cox
model that was suitable for the variables with P < .10
from a Wald test of the univariate model. Statistical signif-
icance was set at P < .05.

RESULTS

Clinicopathologic Findings

A total of 140 cases of thymic epithelial tumors were stud-
- ied, including 57 type A + AB, 40 type B1 + B2, and 6

type B3 thymomas and 37 thymic carcinomas. The

patient cohort included 53 males and 87 females. The

mean age of the patients at the time of diagnosis was 57.4

years (range, 25 years-84 years). Tumor size ranged from

1.5 cm to 13.0 cm (mean, 6.01 cm) (Table 1). The
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median follow-up was 64.6 months (range, 0.03 months-
356.1 months). The 10-year survival rate in this patient
cohort was 74.0% (95% confidence interval, 63.0%-
85.09%), with 112 patients still alive at the time of last
follow-up.

GR, ERo, ERP, PgR-A, and AR Expression
Representative cases of positive expression of GR, ERB,
and AR for each histologic subtype are shown in Figure 1.
For GR expression, we used 3 criteria: Allred scores of >
3, >4, and > 5. For any of the criteria, no significant dif-
ferences were detected between GR expression and sex,
age, histologic subtype, or tumor stage (data not shown).
The difference between GR expression and tumor size
was significant for total scores > 5 and > 4 (P =.030 and
P = .043, respectively), but not for a total score > 3
(P = .110). GR expression and OS were found to have a
significant correlation only for a total score > 5 (P =
-0125). Thus, we adopted the total score > 5 as being
indicative of positive GR expression.

GR  expression was detected in 116 (82.9%)
patients, which included 47 (of 57 patients 82.5%)

4399



Original Article

Table 2. Coexpression Status for GR and ERB, GR and AR, or ERf and AR

ERp
Positive Negative
GR positive: TS >3
GR positive 102 31
Negative 5 2
GR positive: TS >4
GR positive 101 30
Negative 6 3
GR positive: TS >5
GR positive 91 25
Negative 16 8
AR positive: TS >3
AR positive 26 7
Negative 81 26

AR
P Positive Negative P
.75 22
30 103
3 4
.48 48
30 101
3 6
22 22
25 91
8 16
72 —

Abbreviations: AR, androgen receptor; ER, estrogen receptor; GR, glucocorticoid receptor; TS, total score for Allred score.

patients with type A + AB thymoma, 36 (of 40 cases;
90%) with type Bl + B2 thymoma, 5 (of 6 cases; 83.3%)
with type B3 thymoma, and 28 (of 37 cases; 75.7%) with
thymic carcinoma (P = .426). No significant difference
was recognized among the histologic subtypes.

ERo expression was detected in 19 (13.6%)
patients, which included 2 (of 57 cases; 3.5%) patients
with type A + AB thymoma, 11 (of 40 cases; 27.5%) with
type B1 + B2 thymoma, 3 (of 6 cases; 50%) with type B3
thymoma, and 3 (of 37 cases; 8.1%) with thymic carci-
noma (P < .001). Significant differences were detected
between type A + AB thymoma and other histological
subtypes; type Bl + B2 thymoma (P = .002), type B3
thymoma (P = .006), and thymic carcinoma (P = .046);
and type B3 thymoma and thymic carcinoma (P = .019).

ERP expression was detected in 107 (76.4%)
patients, which included 54 (of 57 cases; 94.7%) patients
with type A + AB thymoma, 25 (of 40 cases; 62.5%) with
type B1 + B2 thymoma, 2 (of 6 cases; 33.3%) with type
B3 thymoma, and 26 (of 37 cases; 70.3%) with thymic
carcinoma (P < .001). Significant differences were
detected between type A + AB and type Bl + B2
thymoma (P = .001), type B3 thymoma (P = .002), and
thymic carcinoma (P =.021).

PgR-A expression was detected in only 1 (0.71%)
patient. The thymoma was type B1 + B2 (1 of 46 cases;
2.2%). No significant difference was observed compared
with the other histologic subtypes.

AR expression was detected in 33 (23.6%) patients,
which included 14 (of 57 cases; 24.6%) patients with type
A + AB thymoma, 13 (of 40 cases; 32.5%) with type
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Bl + B2 thymoma, 3 (of 6 cases; 50%) with type B3
thymoma, and 3 (of 37 cases; 8.1%) with thymic carci-
noma (P = .029). A marginal difference was detected
between type B1 + B2 thymoma and thymic carcinoma
(P=.054).

With regard to coexpression status, no significant
differences were detected among the subtypes (Table 2).

In the association analysis between clinicopathologic
factors and hormone receptor expression, significant cor-
relations were observed between ERa expression and
tumor size (P = .021) and between ERP expression and
tumor stage (P = .008). The other dinicopathologic fac-
tors demonstrated no statistically significant correlation
with the expression status of any of the hormone receptors
(Table 1). In addition, no significant differences were
detected in the expression levels of GR, ERP, and AR
between type A and type AB thymomas or between type
B1 and type B2 thymomas (data not shown).

Correlation of OS With Clinicopathologic

Factors and Steroid Receptor Expression

We investigated whether there was a correlation between
OS and clinicopathologic factors or hormone receptor
expression (Fig. 2). The 10-year OS rates for patients with
type A + AB, type Bl + B2, and type B3 thymomas and
thymic carcinoma were 92.6%, 89.5%, 75.0%, and
42.5%, respectively (thymoma vs thymic carcinoma; P <
.0001) (Fig. 2a). Significant differences were found
between thymic carcinoma and type A + AB thymoma
and between thymic carcinoma and type Bl + B2
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Flgure 2. (a) Overall survival (OS) is shown according to histologic subtype (ie, type A + AB thymoma, type Bl 4+ B2 thymoma,
type B3 thymoma, and thymic carcinoma). (b) OS is shown according to Masaoka stage (ie, stage | + Il and stage Ill + V). (c) OS
is shown according to glucocorticoid receptor (GR) immunohistochemistry (IHC) score (positive indicates a total score > 5; nega-
tive, total score < 4). (d) OS is shown according to estrogen receptor a (ERx) IHC score (positive indicates a total score > 3; nega-
tive, total score < 2). (e) OS is shown according to ERB IHC score (positive indicates a total score > 3; negative, total score < 2).
(f) OS is shown according to androgen receptor (AR) IHC score (positive indicates a total score > 3; negative, total score < 2).

thymoma (both P < .0001), whereas no significant differ-
ence between thymic carcinoma and type B3 thymoma
was detected (P = .15). In addition, no significant differ-
ence was detected between type B1 + B2 and type B3 thy-
momas with regard to the 10-year OS rates (P = .30)
(data not shown). The 10-year OS rates for Masaoka stage
I + II and stage IIT 4 IV were 82.5% and 41.0%, respec-
tively (P < .0001) (Fig. 2c). With regard to negative and
positive hormone receptor status (Figs. 2¢-2f), the 10-year
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OS rates for GR were 65.7% and 75.6%, respectively
(P=.013);76.8% and 62.2%, respectively, for ERa (P=
.79); 74.3% and 71.9%, respectively, for ERB (P = .27);
and 71.1% and 85.0%, respectively, for AR (P=.31).
Multivariate analysis revealed that histologic sub-
type (P = .0039), tumor stage (P = .0012), and GR
expression (P = .0025) were significantly correlated with
the 10-year OS, whereas no significant correlation was
detected between the other variables and OS (Table 3).
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Table 3. Univariate, Multivariate, and Bootstrap Analysis of Survival

Univariate Analysis

Variable HR 95% Cl
Histology (WHO)

Thymoma vs thymic carcinoma 11.6 4.3-31.3
Masaoka stage

T+ Hvsill +1V 14.9 5.1-43.2
Sex

Male vs female 0.81 0.38-1.7
Age,y

Continuous 1.0 0.97-1.0
Tumor size, cm

Continuous 1.1 0.89-1.2
GR protein expression

Negative vs positive 0.35 0.15-0.83
ER« protein expression

Negative vs positive 1.2 0.40-3.4
ERp protein expression

Negative vs positive 0.64 0.29-1.4
AR protein expression

Negative vs positive 0.58 0.20-1.7

Multivariate Analysis
95% ClI P

<.0001 5.69 1.8-18.5 .0039
<.0001 2.66 1.5-4.8 .0012
.59 —_ f— —
.94 J— — —
.58 —
.013 0.24 0.10-0.61 .0028
79 —_

27 — — e

31 —_ — —_—

Abbreviations: 95% Cl, 95% confidencs interval; AR, androgen recentor; ER, estrogen receptor; GR, glucocorticoid receptor; HR, hazard ratio; WHO, World

Health Organization.

DISCUSSION

In the current study, high rates of GR and ERP expression
were observed in thymoma and thymic carcinoma. Fur-
thermore, multivariate analysis revealed that GR expres-
sion was associated with better prognosis in those patients
with surgically resected thymoma and thymic carcinoma.
In addition, we established possible critetia for GR expres-
sion in IHC.

To our knowledge, the underlying mechanism of the
better prognosis noted for patients with GR protein-
expressing tumors, including thymic epithelial tumors,
remains unknown. However, it has been shown that GCs
contribute in eliciting a positive clinical response in
patients with pediatric acute lymphoblastic leukemia or
metastatic prostate cancer.”>?® Moreover, some studies
have reported that the administration of GC demonstrated
a dramatic response among patients with thymic epithelial
tumors, indicating that GC acts a tumor suppressor
through the GR in thymic epithelial tumors.”"> There
have been conflicting results concerning the antitumor
effects of GCs. In some tumors, GCs assist tumor progres-
sion by inhibiting chemotherapy-induced or immunores-
ponse-induced apoptosis, promoting tumor growth*
and increasing cancer invasiveness.”>*” Conversely, GC
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induces tumor apoptosis by negatively affecting the tran-
scription of nuclear factor kappaB (WF-xB), an important
regulator of the immune system and antiapoptotic mecha-
nisms, in various cell lines and lymphocytes.?®3° In vitro
analysis revealed that GCs induce cell cycle arrest and apo-
ptosis in epithelial cells of thymic neoplasms.*

Similar to the results of the current study, some
tumors that express GR in other organs have shown favor-
able outcomes and a statistically significant correlation
with 08.3'3% In the correlation analysis of the current
study between GR expression score and clinicopathologic
factors, the patients with a higher GR expression score
demonstrated a more favorable outcome. This result sug-
gested that a low level of physiologic GCs may exert anti-
neoplastic effects. The possible effects of physiologic sex
steroids have been demonstrated in the progression of
breast and prostate cancers.>>*” Physiologic steroid hot-
mones can also affect systemic organs. Thus, the results of
the current study indicate that physiologic GCs may also
play a role in the inhibition of tumorigenesis of thymic
epithelial tumors.

The observed immunohistochemical positivity of
ERa was low (19 cases; 13.6%) compared with a previous
report in which approximately two-thirds of thymoma
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cases were positive.”® One possible reason for this discrep-
ancy is that because ERa expression was heterogeneously
distributed, areas with positive ERa expression could not
be easily detected on TMA, which was a tiny area com-
pared with the whole section. Another possible reason is
the differences in the specificity and sensitivity of the anti-
bodies used for ERat. The clone 6F11 that was used in the
previous study was not highly specific for ERa. Clone
GF11 recognizes the full-length protein. Because the full-
length ERB protein is homologous to the full-length ERa.
protein, clone 6F11 may recognize ERP as ERa, with par-
ticular binding in the DNA binding domain . Further-
more, we used a highly sensitive rabbit monoclonal
antibody (clone SP1) that demonstrated an 8-fold higher
affinity than the mouse antibody.>® Thus, the results of
the current study indicate that the immunohistochemical
positivity of ER« is not very high in both thymoma and
thymic carcinoma.

Unlike ERat expression, we detected high expression
of the ERP protein (76.4%). In addition, the results of the
current study demonstrated a high positivity (94.7%) in
type A + AB thymoma and a decreased positivity
(33.3%) in type B3 thymoma. This result indicates that
the high expression of ERa noted in the earlier mentioned
study may be because of a cross-reaction with ERB. To
the best of our knowledge, there was only 1 report pub-
lished to date analyzing ERP expression in thymomas,
and the expression rate was extremely low (7%)® com-
pared with that observed in the current study. This dis-
crepancy may be because of differences in the patient
population, source of antibody, dilution, method of anti-
gen retrieval, and scoring system. Among these, the most
likely factor was the difference in the source of antibody.
The clone EMRO2, which was used in the current study,
recognizes the C-terminus, whereas the clone 06-629 that
was used in the previous study recognizes the N-terminus.
Another possibility was the difference in the patient
population.

The issue of whether ERP is a target in tumor ther-
apy is controversial. However, there is increasing evidence
in several studies that ERP is significantly related to cancer
invasiveness. ERP expression has been frequently observed
in metastases of prostate cancer using IHC.? In addition,
in vivo and in vitro studies have demonstrated that ER}
exerts stimulative effects on breast cancer development
and metastasis.*" It has also been shown that ERP
negatively affects malignant cell tumorigenesis.'®*>43
Although to our knowledge the exact correlation between
ERP expression and tumor progression in thymic

Cancer  October 1, 201

epithelial tumors is still unclear, ERP is suggested as a
potential target in the treatment of ERB-positive thymo-
mas and thymic carcinomas.

In the current study, we found that PgR-A and AR
proteins were expressed at low levels in thymomas and
thymic carcinomas. The previous study also demonstrated
low expression rates of PgR-A (4%) and AR (15%).28
These results indicate that PgR-A and AR have low poten-
tial as targets for therapy and have little involvement in
thymoma and thymic tumorigenesis.

The results of the current study also demonstrated a
significant correlation of histologic subtype and tumor
stage with OS. There have been conflicting results
concerning prognosis among the histologic subtypes of
thymic epithelial tumors.*** Some reports have shown
that patients with type B3 thymoma have a worse progno-
sis than those with type B2 thymoma,***> whereas others
have reported no significant difference in survival between
these 2 groups.*** The results of the current study indi-
cated no difference in the 10-year OS rates between
patients with type B1 + B2 (89.5%) and type B3 (75.0%)
thymomas (P = .30), whereas significant differences (P <
.001) were noted between patients with type Bl + B2
(86% and 85%, respectively) and type B3 (38%) thymo-
mas in a previous report from our institution.** A possible
reason is the difference in the period of analysis; the analy-
sis of the current study was conducted between 1999 and
2009 for thymoma, whereas that of the previous report
was performed between 1962 and 2000.

The results of the current study demonstrated a high
rate of GR and ERP expression in thymomas and thymic
carcinomas. Furthermore, multivariate analysis revealed
that GR expression was associated with better prognosis in
patients with surgically resected thymomas and thymic car-
cinomas. These associations should be validated through
prospective studies that include greater numbers of cases.
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Multicenter analysis of high-resolution computed tomography and
positron emission tomography/computed tomography findings to
choose therapeutic strategies for clinical stage IA lung
adenocarcinoma

Morihito Okada, MD, PhD Haruhiko Nakayama, MD, PhD,” Sakae Okumura, MD, PhD ¢
Hiromitsu Daisaki, PhD," Shuji Adachi, MD, PhD,® Masahiro Yoshimura, MD, PhD," and
Yoshihiro Miyata, MD, PhD*

Objective: The detection rates of small lung cancers, especially adenocarcinoma, have recently increased. An
understanding of malignant aggressiveness is critical for the selection of suitable therapeutic strategies, such as
sublobar resection. The objective of this study was to examine the malignant biological behavior of clinical stage
IA adenocarcinoma and to select therapeutic strategies using high-resolution computed tomography,
fluorodeoxyglucose-positron emission tomography/computed tomography, and a pathologic analysis in the set-
ting of a multicenter study.

Methods: We performed high-resolution computed tomography and fluorodeoxyglucose-positron emission to-
mography/computed tomography in 502 patients with clinical TINOMO adenocarcinoma before they underwent
surgery with curative intent. We evaluated the relationships between clinicopathologic characteristics and maxi-
mum standardized uptake values on fluorodeoxyglucose-positron emission tomography/computed tomography,
ground-glass opacity ratio, and tumor disappearance rate on high-resolution computed tomography and component
of bronchioloalveolar carcinoma on surgical specimens, as well as between these and surgical findings. We used
a phantom study to correct the serious limitation of any multi-institution study using positron emission tomography/
computed tomography, namely, a discrepancy in maximum standardized uptake values among institutions.

Results: Analyses of receiver operating characteristic curves identified an optimal cutoff value to predict high-
grade malignancy of 2.5 for revised maximum standardized uptake values, 20% for ground-glass opacity ratio,
30% for tumor disappearance rate, and 30% for bronchioloalveolar carcinoma ratio. Maximum standardized
uptake values and bronchioloalveolar carcinoma ratio, tumor disappearance rate, and ground-glass opacity ratio
mirrored the pathologic aggressiveness of tumor malignancy, nodal metastasis, recurrence, and prognosis,
including disease-free and overall survival.

Conclusions: Maximum standardized uptake value is a significant preoperative predictor for surgical outcomes.
High-resolution computed tomography and fluorodeoxyglucose-positron emission tomography/computed to-
mography findings are important to determine the appropriateness of sublobar resection for treating clinical
stage IA adenocarcinoma of the lung. (J Thorac Cardiovasc Surg 2011;141:1384-91)

The standard treatment for operable non—small cell lung
cancer, even early clinical TINOMO disease, remains lobec-
tomy with dissection of the hilar and mediastinal lymph
nodes.' However, clinical investigations to date have dem-
onstrated that sublobar resection, which chiefly consists of
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radical segmentectomy with nodal dissection, might be fea-
sible for treating early lung cancers with the tangible advan-
tages of maintained lung function and a reasonable
p1r<>gnosis.2’3 To date, there are no means to preoperatively
identify early lung cancers that are biologically less
aggressive and may be better suited for a sublobar resection.
Recent advances in high-resolution computed tomogra-
phy (HRCT) and the widespread application of computed
tomography (CT) screening have enhanced the dlscovery
of small lung cancers, particularly adenocarcinoma.”
These early-stage cancers are biologically heterogeneous,
and the malignant aggressiveness is not well characterized
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Abbreviations and Acronyms
AUC = area under the curve
BAC = bronchioloalveolar carcinoma
CT = computed tomography

DFS = disease-free survival
FDG = F-18 fluorodeoxyglucose
FOV = field of view

GGO = ground-glass opacity
HRCT = high-resolution computed

tomography
maxSUV = maximum standardized uptake value

PET = positron emission tomography
ROC = receiver operating characteristic
SUv = standardized uptake value

TDR = tumor disappearance rate

at the time of diagnosis. This information should be consid-
ered in selecting the therapeutic strategy.

Positron emission tomography (PET)/CT with F-18
fluorodeoxyglucose (FDG) has become an integral part of
the non-small cell lung cancer evaluation.*® This
modality generates quantitative images based on glucose
metabolism reflecting the metabolic activity and
proliferative potential of malignant tumors, and providing
anatomic CT images. Small-scale studies have demon-
strated the role of FDG-PET/CT in assessing the biological
status of cancers, " but this requires confirmation in a larger
cohort. Therefore, assessed the biological nature of small
adenocarcinomas in more than 500 patients by using
HRCT and FDG-PET/CT and the pathologic findings of
surgical specimens in a multicenter setting. Because of the
heterogeneity of PET techniques and performance, we cor-
rected inter-institutional errors in maximum standardized
uptake values (maxSUVs) resulting from PET/CT scanners
of variable quality based on outcomes of a study using an an-
thropomorphic body phantom that conformed to National
Electrical Manufacturers Association standards.’

PATIENTS AND METHODS

We enrolled 502 patients (female, 279 [56%]; male, 223 [44%]; mean
age, 65.3 = 9.6 years) with clinical TINOMO stage IA adenocarcinoma of
the lung at 4 institutions between August 1, 2005, and December 31, 2009.
All patients underwent HRCT and FDG-PET/CT followed by curative RO
resection. The ethics committees at each institution approved this multicen-
ter study and the prospective database used in the analysis.

High-Resolution Computed Tomography

Chest images were obtained using 16-row multidetector CT indepen-
dently of subsequent PET/CT examinations. High-resolution images of
the tumors were acquired using the following parameters: 120 kVp,
200 mA, 1- to 2-mm section thickness, 512 X 512 pixel resolution, 0.5-
to 1-second scanning time, a high spatial reconstruction algorithm with
a 20-cm field of view (FOV) and mediastinal (level, 40 HU; width, 400
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FIGURE 1. maxSUV adjusted using experimental phantom (revised max-
SUV). Original maxSUV data were calibrated by multiplying calibration
factors based on phantom studies to correct inter-institutional SUV vari-
ability. MaxSUV ratio is expressed as maxSUV of each institute for max-
SUV of control institute (Institute 1). maxSUV, Maximum standardized
uptake value.

HU) and lung (level, 600 HU; width, 1600 HU) window settings.
Ground-glass opacity (GGO) was defined as a misty increase in lung atten-
uation without obscuring the underlying vascular markings, and we defined
the GGO ratio (%) as [1— (maximum dimension of consolidation of lung
windows/maximum dimension of tumor of lung windows)] X 100. Tumor
disappearance rate (TDR) (%) was defined as [1—(tumor area of the medi-
astinal windows/tumor area of the lung windows)] X 1002310

Fluorodeoxyglucose-Positron Emission Tomography/
Computed Tomography

The patients fasted for more than 4 hours before being intravenously in-
jected with 74-370 MBgq of FDG, and then relaxed for at least 1 hour before
FDG-PET/CT scanning. Blood glucose was calculated before tracer injec-
tion to confirm a level of less than 150 mg/dL.!" Patients with blood
glucose values of 150 mg/dL or greater were excluded from PET/CT
acquisition. Images were obtained in this study using Discovery ST
(GE Healthcare, Buckinghamshire, England), Aquiduo (Toshiba Medical
Systems Corporation, Tochigi, Japan), or Biograph Sensation16 (Siemens
Healthcare, South Iselin, NJ) integrated PET/CT scanners. Low-dose unen-
hanced CT images of a 2- to 4-mm section thickness for attenuation correc-
tion and localization of lesions identified by PET were obtained from the
head to the pelvic floor of each patient using a standard protocol. Immedi-
ately after CT, PET covered the identical axial FOV for 2 to 4 minutes per
table position depending on the condition of the patient and scanner perfor-
mance. All PET images with a 50-cm FOV were reconstructed using an
iterative algorithm with CT-derived attenuation correction. Variations in
standardized uptake value (SUV) among institutions were minimized using
the anthropomorphic body phantom. A calibration factor was analyzed by
dividing the actual SUV by the gauged mean SUV in the phantom back-
ground to decrease inter-institutional SUV inconsistencies, and the final
maxSUV used in this is referred to as revised maxSUV. The adjustment
of the inter-institutional variability in SUV narrowed the range from 0.89
t0 1.24 t0 0.97 to 1.18 when maxSUV ratio was expressed as the maxSUV
of each institute for the maxSUV of the control institute (Figure 1).
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FIGURE 2. ROC curves for positive predictive values of pathologic lymph node metastasis, lymphatic invasion, blood vessel invasion, or pleural invasion.
ROC curves are for revised maxSUV (A), GGO ratio (B), TDR (C}, and BAC ratio (D). maxSUV, Maximum standardized uptake value; GGO, ground-glass
opacity; TDR, tumor disappearance rate; BAC, bronchioloalveolar carcinoma; AUC, area under the curve; SUV, standardized uptake value.

Resected tumors were fixed in 10% formalin, embedded in paraffin, and
pathologically evaluated (including the largest cut) using hematoxylin—eo-
sin and Elastica van Gieson staining. The amount of bronchioloalveolar
carcinoma (BAC) areas proportionate to whole tumors was approximately
calculated as the BAC ratio. Independent observers and pathologists
blindly evaluated GGO and BAC ratios and TDR, and corrected discrep-
ancies among evaluations using mean values.

Receiver operating characteristic (ROC) curves of the revised maxSUYV,
GGO ratios, TDR, and BAC ratios to predict lymphatic, blood vessel, and
pleural invasion or nodal involvement were generated to determine the cut-
off values that yielded optimal sensitivity and specificity. The patient pop-
ulation was subdivided on the basis of the cutoff values of the revised
SUVmax, GGO, TDR, and BAC ratios derived from ROC curves. We per-
formed multiple logistic regression analyses to demonstrate independent
variables of maxSUV, GGO ratio, TDR, and BAC ratio relative to the pre-
diction of pathologic findings for high malignant grade and recurrence.
Survival was calculated using the Kaplan-Meier method, and differences
were determined using the log-rank test. Disease-free survival (DFS) was
defined as time from date of surgery until the first event (relapse or death
from any cause) or last follow-up. Overall survival was defined as time
from the date of surgery until death from any cause or last follow-up.

RESULTS

The primary tumor measured by HRCT was 20 mm or
less in diameter in 290 patients (58%) and 21 to 30 mm
in 212 patients (42%). Lymphatic permeation, blood vessel,
and pleural invasion was evident in 76 patients (15%), 92
patients (18%), and 56 patients (11%), respectively, and
lymph nodes were involved in 38 (8%) of them.

1386

The ROC curves identified optimal revised maxSUYV,
GGO, TDR, and BAC ratio cutoff values of 2.5 (area under
the curve [AUC], 0.877), 20% (AUC, 0.858), 30% (AUC,
0.870), and 30% (AUC, 0.873), respectively, for predicting
pathologic findings of high malignancy (Figure 2). Ata cut-
off value of 2.5, a high revised maxSUV significantly corre-
lated with male gender, a high CEA value, large tumor,
lymphatic invasion, vascular invasion, pleural invasion,
and lymph node metastasis (Table 1). Likewise, low TDR,
GGO, and BAC ratios were significantly associated with
a high CEA value, lymphatic, vascular, pleural invasion,
and lymph node metastasis. Possible predictors for lym-
phatic, vascular, and pleural invasion, and nodal metastasis
and recurrence were investigated (Table 2). Revised max-
SUV, GGO ratio, TDR, and BAC ratio were all significant
determinants for predicting lymphatic permeation, vascular
and pleural invasion, nodal metastasis, and recurrence.
However, the odds ratios indicated that revised maxSUV
and the BAC ratio revealed biological aggressive tumor
grade more effectively than GGO ratio and TDR.

A significant difference in DFS was identified (Figure 3)
between patients whose adenocarcinoma had revised max-
SUV 2.5 or less (n = 343; 3-year DFS rate, 96%) and
greater than 2.5 (n = 159; 3-year DFS rate, 77%;
P <.001). We also found significant differences in DFS be-
tween patients whose adenocarcinoma had GGO ratios of
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TABLE 1. Clinical characteristics of patients with cT1INOMO0 adenocarcinoma (n = 502)

Revised maxSUV GGO ratio TDR BAC ratio
Patients <2.5/>2.5 P >20%/<20% P >30%/<30% P >30%/<30% P
(n = 502) (n = 343/159) value (n = 304/198) value (n = 346/156) value (n = 304/198) value

Age (¥) 653 £9.6 653 +94/65.5+9.8 .8380 65.0+9.3/659 £ 10.0 2790 64.7 +£9.4/66.7+9.9 .0365 65.4 4 9.5/653+9.7 .9054
(means +SD)

Gender
Male 223 140/83 .0169 119/104 0032 144/79 .0597 113/110 <.0001
Female 279 203/76 185/94 202/77 191/88

CEA (ng/mL)
<5 449 321/128 <.0001 289/160 <.0001 324/125 <.0001 284/165 0003
>5 53 22/31 15/38 22131 20/33

Tumor size (mm)
T <20 290 218/72 .0001 183/107 1723 213/77 .0104 180/110 4178
<20 T <30 212 125/87 121/91 133/79 124/88

Ly permeation
positive 76 15/61 <.0001 13/63 <.0001 25/51 <.0001 12/64 <.0001
negative 426 328/98 291/135 321/105 292/134

V invasion
positive 92 16/76 <.0001 15777 <.0001 23/69 <.0001 11/81 <.0001
negative 410 327/83 289/121 323/87 293/117

P invasion
positive 56 12/44 <.0001 10/46 <.0001 14/42 <.0001 6/50 <.0001
negative 446 331/115 294/152 332/114 298/148

N metastasis
positive 38 10/28 <.0001 8/30 <.0001 10/28 <.0001 5/33 <.0001
negative 464 333/131 296/168 336/128 299/165

CEA, Carcinoembryonic antigen; Ly, lymphatic; ¥, blood vessel; P, pleural; ¥, lymph node; maxSUV, maximum standardized uptake value; GGO, ground-glass opacity; TDR,
tumor disappearance rate; BAC, bronchioloalveolar carcinoma.

TABLE 2. Analysis of possible predicters for Ly factor, V factor, P factor, N factor, and recurrence status

Factors total (n = 502) Favorable Unfavorable Odds ratio (95% CI) P value
Positive Ly factor (n = 76)
Revised maxSUV <25 >25 13.61 (7.41-25.01) <.0001
GGO ratio >20% <20% 10.45 (5.56-19.63) <.0001
TDR >30% <30% 6.24 (3.68-10.56) <.0001
BAC ratio >30% <30% 11.62 (6.07-22.25) <.0001
Positive V factor (n = 92)
Revised maxSUV <25 >25 18.71 (10.37-33.78) <.0001
GGO ratio >20% <20% 12.26 (6.78-22.17) <.0001
TDR >30% <30% 11.14 (6.57-18.88) <.0001
BAC ratio >30% <30% 18.44 (9.48-35.87) <.0001
Positive P factor (n = 56)
Revised maxSUV <25 >2.5 10.55 (5.39-20.68) <.0001
GGO ratio >20% <20% 8.90 (4.37-18.12) <.0001
TDR >30% <30% 8.74 (4.60-16.59) <.0001
BAC ratio >30% <30% 16.78 (7.03-40.03) <.0001
Positive N factor (n = 38) -
Revised maxSUV <25 >25 7.12 (3.36-15.07) <.0001
GGO ratio >20% <20% 6.61 (2.96-14.74) <.0001
TDR >30% <30% 7.35 (3.47-15.56) <.0001
BAC ratio >30% <30% 11.96 (4.58-31.22) <.0001
Positive recurrence (n = 29)
Revised maxSUV <25 >2.5 7.71 (3.22-18.46) <.0001
GGO ratio >20% <20% 8.25 (3.09-22.01) <.0001
TDR >30% <30% 4.66 (2.11-10.28) <.0001
BAC ratio >30% <30% 10.84 (3.71--31.66) <.0001

Ly, Lymphatic permeation; V, blood vessel invasion; P, pleural invasion; N, lymph node metastasis; maxSUV, maximum standardized uptake value; GGO, ground-glass opacity;
TDR, tumor disappearance rate; BAC, bronchioloalveolar carcinoma.
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FIGURE 3. DFS curves according to grade of revised maxSUV (A), GGO ratio (B), TDR (C), and BAC ratio (D). maxSUV, Maximum standardized uptake
value; GGO, ground-glass opacity; TDR, tumor disappearance rate; BAC, bronchioloalveolar carcinoma.

20% or more (n = 304; 3-year DFS rate, 97%) and less than
20% (n = 198; 3-year DFS rate, 80%; P <.001), between
those whose adenocarcinoma had TDR 30% or more
(n = 346; 3-year DFS rate, 95%) and less than 30%
(n = 156; 3-year DFS rate, 80%; P <.001) and between

those whose adenocarcinoma had BAC ratios of 30% or
more (n = 304; 3-year DFS rate, 97%) and less than
30% (n = 198; 3-year DFS rate, 80%; P <.001). Revised
maxSUV (P = .016) and GGO (P = .024) and pathologic
BAC (P = .005) ratios were significant prognostic factors
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FIGURE 4. Overall survival curves according to grade of revised maxSUV (A), GGO ratio (B), TDR (C), and BAC ratio (D). maxSUV, Maximum stan-
dardized uptake value; GGO, ground-glass opacity; TDR, tumor disappearance rate; BAC, bronchioloalveolar carcinoma.
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TABLE 3. Relationship between ground-glass opacity/tumor disappearance rate and revised maxSUYV as predictors for Ly factor, V factor, P factor,

N factor, and recurrence status

Revised Ly permeation V invasion P invasion N metastasis Recurrence
maxSUV [$UO) (S240) (S240) /) )
GGO <50% and TDR <50% <15 2/46 1/47 3/45 0/48 0/48
(n =259) (n = 48) 4%) 2%) 6%) ) )
<1.5<25 10/58 14/54 8/60 8/60 3/65
(n = 68) (15%) (21%) (12%) (12%) 4%)
2.5< 59/84 73/70 43/100 27/116 22/121
(n = 143) (41%) (51%) (30%) (19%) (15%)
>50% GGO or >50% TDR <15 2/178 /179 0/180 1/179 2/178
(n = 243) (n = 180) (1%) (1%) (V)] (1%) (1%)
<1.5<25 1/46 0/47 1/46 1/46 2/45
(n=47) (2%) () (2%) (2%) (4%)
2.5< 2/14 3/13 1/15 1/15 0/16
(n=16) (13%) (19%) (6%) (6%) 0)

maxSUV, Maximum standardized uptake value; Ly, lymphatic; ¥, blood vessel; P, pleural; N, Iymph node; GGO, ground-glass opacity; TDR, tumor disappearance rate.

for overall survival, whereas TDR (P = .056) was margin-
ally significant (Figure 4).

We examined the relationships between HRCT findings
and maxSUV for predicting tumor invasiveness, nodal me-
tastasis, and recurrence (Table 3). Generally, solid tumors
on HRCT with GGO 50% or less and TDR 50% or less
had high maxSUV and were more frequently associated

with high malignant grade, nodal metastasis, and recur-
rence. However, solid tumors with lower maxSUV were as-
sociated with low malignant grade and far less nodal
metastasis and recurrence. Among patients with tumors
showing GGO 50% or less and TDR 50% or less, 19%
and 15% of those with a revised maxSUV greater than
2.5 had nodal metastasis and recurrence, respectively,

ad

FIGURE 5. Tumor (1.5 cmin diameter) located at right middle lobe. A, HRCT findings show GGO ratio of 5%. B, PET/CT findings show no accumulation.
Microscope findings show BAC with mucin formation (C and D, staining with hematoxylin—eosin at X25 and X200 magnification, respectively).
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FIGURE 6. Relationship between tumor size and revised maxSUV level
in cTINOMO adenocarcinomas. A, All patients. B, Tumor size < 20 mm
and revised maxSUV < 3.0. Nodal metastasis (triangles); recurrence
(rhombi); lymphatic, vascular, or pleural invasion without nodal metastasis
(squares). maxSUV, Maximum standardized uptake value; N, lymrh node;

Ly, lymphatic; V, blood vessel; P, pleural.

whereas those with tumors showing revised maxSUV 1.5 or
less had neither nodal metastasis nor recurrence.

DISCUSSION

The frequency of identifying small lung cancezs has
recently increased since CT and enhanced scanning have
become routine procedures and surgeons have thus been
able to assess the advantages of sublobar resection, such
as radical segmentectomy instead of lobectomy.™™ The
biological malignancy of small adenocarcinoma has
generally been evaluated on the basis of HRCT findings.
The specificity, sensitivity, and accuracy of radiologic
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diagnoses with HRCT on lymphatic/vessel invasion and
nodal involvement of clinical TINOMO adenocarcinoma
have been examined in a large prospective study
(JCOG0201).'* The conclusions failed to corroborate pre-
determined criteria using GGO ratio and TDR for specific-
ity, and thus applicants for radical sublobar resection could
not be suitably confirmed on the basis of criteria generated
from HRCT findings. Therefore, the development of a novel
tool that surpasses the diagnostic ability of HRCT is a cur-
rent challenge.

Phase III randomized trials of standard lobectomy versus
experimental limited resection for small (<2 cm in diameter)
peripheral non-small cell lung cancers are ongoing in the
United States (CALGB-140503) and in Japan (JCOG0802/
WIOG4607L). Because the biological behavior of several
types of small lung cancers is aggressive, to detect indolent
lung cancers preoperatively with radiographic imaging is
important for the standardization of sublobar resection, al-
though accurate radiographic definition of tumor extension
and metastasis is challenging. We previously demonstrated
that maxSUV on FDG-PET/CT is a potentially promising
parameter of the degree of malignancy among cTINOMO
lung adenocarcinoma.”® However, relatively few patients
were analyzed and postoperative survival data were
obtained during a short period. We therefore performed an
extended, larger multicenter study. To our knowledge,
a large scale multi-institutional study of malignant tumor
grade analyzed using PET/CT has not been reported.

The present analyses revealed that adenocarcinoma with
high maxSUV and low GGO ratio, TDR, or BAC ratio is
more closely associated with lymphatic, vessel, pleural in-
vasion, lymph node metastasis, and recurrence. We also
found a closer association between serum CEA levels and
maxSUV, GGO ratio, TDR, and BAC ratio, which is preop-
eratively vital in uncovering patients at high risk of poten-
tial advanced disease.'*'* High maxSUV was also a poor
prognostic determinant for DES and overall survival.
These outcomes suggested that maxSUV can be a realistic
surrogate marker of tumor malignancy grade and that
FDG-PET/CT in addition to HRCT is a potent prognostic
modality with which to detect patients at high risk of recur-
rence after curative resection of small adenocarcinoma.

Because PET/CT imaging reflects metabolic activity as
glucose metabolism whereas HRCT generates only ana-
tomic images, findings of PET/CT could be more powerful
clinical predictors of biological tumor performance than
those of HRCT. Most solid tumors on HRCT have high
maxSUV and aggressive malignant behavior, whereas solid
tumors with lower maxSUV were less aggressive. Figure 5
shows a mucinous BAC with indolent behavior that ap-
peared as a solid tumor on HRCT with no accumulation
on PET/CT.

We analyzed the association between tumor size and
maxSUV in cTINOMO adenocarcinoma (Figure 6). A larger
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tumor was associated with a higher maximum SUV, and
both size and maxSUV can predict tumor invasiveness,
nodal metastasis, and recurrence. The figures show a notable
tendency of small adenocarcinoma with high maxSUV to
have more malignant features than larger adenocarcinoma
with low maxSUV.

One of the major limitations of multicenter trials using
PET is the wide variation in SUV among institutions.
Many factors, such as preparation procedures, scan acquisi-
tion, image reconstruction, and data analysis affect
SUV,'>'% although semiquantitative SUV in patients with
cancer is extensively applied to diagnose, stage, and
evaluate therapeutic effectiveness.*® Westerterp and
colleagues'’ reported that a discrepancy in SUV of up to
30% among institutions could create a significant problem
for multicenter studies. Inter-institutional variability in
SUV obtained in the present study was minimized using
an anthropomorphic body phantom. Therefore, quantitative
SUVs adjusted by phantom studies can be dependable, and
such correction will help to overcome one major limitation
of multicenter of PET studies.

CONCLUSIONS

The findings of HRCT and FDG-PET/CT are important to
select therapeutic strategies for treating c-stage IA adeno-
carcinoma of the lung, and maxSUV on FDG-PET/CT is
an especially significant preoperative predictor for surgical
outcomes. Sublobar resection might be performed in pa-
tients with adenocarcinoma with maxSUV 1.5 or less, and
lymphadenectomy is required for tumors with maxSUV
greater than 1.5.
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