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(3.9%) were distant. Age, sex, and whole tumor size on
HRCT were not significantly different between patients
with solid and mixed tumors. Solid tumors were signifi-
cantly correlated with a large solid component size,
a high SUVmax, and the presence of lymphatic, vascular,
and pleural invasion and lymph node metastasis
(P <.001, P <.001, P <.001, P < .001, P < .001,
P = .001, respectively; Table 1).

Local recurrence occurred in 5 patients (3.6%) with solid
tumors (1 involving the bronchial stump and 4 involving the
mediastinal lymph nodes) and 4 patients (1.3 %) with mixed
tumors (1 involving the residual lung after segmentectomy
and 3 involving the mediastinal lymph nodes). A significant
difference in DFS was identified between patients with
solid tumors (n = 137; 2-year DFS, 83.1%) and those
with mixed tumors (n = 299; 2-year DFS, 94.2%;
P = .0006; Figure 1, A).

After matching for solid component size, there were 97
well-matched solid and mixed tumor pairs. Significant dif-
ferences were identified in whole tumor size, SUVmax, and
lymphatic, vascular, and pleural invasion between the 2 tu-
mor types (P <.001, P <.001, P = .008, P = .029, P = .003,
respectively, Table 2). Solid tumors were significantly cor-
related with a small whole tumor size, a high SUVmax, and
the presence of pathologic invasiveness.

Furthermore, a difference in DFS was identified between
patients with solid tumors (n = 97; 2-year DFS, 83.5%) and

TABLE 1. Comparison of solid and mixed tumor characteristics in all
cohort patients

Solid tumors  Mixed tumors

(n =137) (n = 299) P

Age (y) 65.5 + 10.5 65.7 + 8.8 .85

Sex 12
Male 71 (51.8%) 130 (43.5%)

Female 66 (48.2%) 169 (56.5%)

‘Whole tumor size (cm) 2.1+06 20+ 0.6 .69

Solid component size (cm) 2.1 £ 0.6 1.14+£07 <.001

SUVmax 49433 26+29 <.001

Lymphatic invasion <.001
Negative 89 (65.0%) 270 (90.3%)

Positive 48 (35.0%) 29 (9.7%)

Vascular invasion <.001
Negative 79 (57.7%) 264 (88.3%)

Positive 58 (42.3%) 35 (11.7%)

Pleural invasion <.001
Negative 100 (73.0%) 278 (93.0%)

Positive 37 (27.0%) 21 (7.0%)

Lymph node metastasis <.001
Negative 114 (83.2%) 284 (95.0%)

Positive 23 (16.8%) 15 (5.0%)

Procedure .001
Lobectomy 111 (81.0%) 190 (63.5%)
Segmentectomy 9 (6.6%) 48 (16.1%)

Wedge resection 17 (12.4%) 61 (20.4%)

SUVmax, Maximum standardized uptake value.

those with mixed tumors (n = 97; 2-year DFS, 91.8%;
Figure 1, B) after matching for solid component size.

After matching for SUVmax, there were 96 well-matched
solid and mixed tumor pairs. No significant differences in
clinical characteristics, except for solid component size,
were found between the 2 tumor types (Table 3).

A difference in DFS was identified between patients with
solid tumors (n = 96; 2-year DFS, 87.1%) and those with
mixed tumors (n = 96; 2-year DFS, 90.4%:; Figure 1, C) af-
ter matching for SUVmax.

After matching for solid component size and SUVmax,
there were 79 well-matched solid and mixed tumor pairs.
No significant differences in clinical characteristics, except
for whole tumor size, were found between the 2 tumor types
(Table 4).

Furthermore, there was no difference in DFS between pa-
tients with solid tumors (n = 79; 2-year DFS, 87.0%) and
patients with mixed tumors (n = 79; 2-year DFS, 83.9%;
Figure 1, D) after matching for solid component size and
SUVmax.

Figure 2 shows examples of solid and mixed tumors with
the same solid component size (1.0 cm). Regardless of tu-
mor type, tumors with low SUVmax were not associated
with lymphatic invasion, whereas those with high SUVmax
were.

DISCUSSION

The present study demonstrated, as expected, that solid
tumors were associated with highly malignant variables,
such as large solid component size, high SUVmax, and lym-
phatic, vascular, and pleural invasion and lymph node me-
tastasis in all cohort patients. In addition, patients with
solid tumors had worse DFS than those with mixed tumors.
A retrospective study has previously shown that pure solid
tumors have malignant potential with nodal or pleural in-
volvement and worse DFS compared with predominantly
solid tumors with a GGO component.”” Other studies
have also revealed that tumors with a predominant GGO
component are less invasive and have a more favorable
prognosis in patients with clinical stage IA lung adenocar-
cinomas.*®'* Our study is consistent with these findings.

With regard to the tumor size on HRCT, solid component
size is more useful than whole tumor size for predicting
pathologic invasiveness and prognosis. In our previous
study, solid component size was found to have a higher pre-
dictive value for lymphatic, vascular, and pleural invasion
compared with whole tumor size; furthermore, solid com-
ponent size was an independent prognostic factor for
DFS.° It was not clear whether mixed tumors and solid tu-
mors have similar malignant behaviors and prognoses when
both have the same solid component size on HRCT. There-
fore, we conducted a matched analysis to compare solid and
mixed tumors after matching for solid component size in
both tumor types. Even after matching for solid component
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FIGURE 1. DFS curves of patients according to tumor type on HRCT. A, In all cohort patients, 2-year DFS of 94.2% (mean DFES of 47 months; 95%
confidence interval [CI], 46-48 months) and 83.1% (mean DFS of 42 months; 95% CI, 39-45 months) were identified for mixed and solid tumors, respec-
tively (P = .0006). B, In patients matched for solid component size, 2-year DES of 91.8% (mean DFS of 46 months; 95% CI, 43-48 months) and 83.5%
(mean DFS of 42 months; 95% CI, 38-45 months) were identified for mixed and solid tumors, respectively. C, In patients matched for SUVmax, 2-year
DFS of 90.4% (mean DFS of 42 months; 95% CI, 39-44 months) and 87.1% (mean DFS of 42 months; 95% CI, 38-46 months) were detected for mixed
and solid tumors, respectively. D, In patients matched for solid component size and SUVmax, 2-year DFS of 83.9% (mean DFS of 43 months; 95% CI, 40-
47 months) and 87.0% (mean DFS of 43 months; 95% CI, 40-47 months) were detected for mixed and solid tumors, respectively.

size in both tumor types on HRCT, solid tumors were more
frequently correlated with high SUVmax and malignant be-
havior compared with mixed tumors. In addition, the DFS
of patients with solid tumors was worse than that of patients
with mixed tumors. This means that solid tumors have more
malignant potential than mixed tumors even if both tumor
types have the same solid component size on HRCT. This
is a new finding. SUVmax on PET/CT is reported to be
a predictor of malignant behavior and prognosis in cases
of lung adenocarcinomas.®'"'#!517 SUVmax on PET/CT
is a preoperative factor, whereas lymphatic, vascular, and

pleural invasion are postoperative factors. We have
previously reported that SUVmax is a significant predictor
of malignant behavior,>!!-1%16.17

We experimentally performed a matched analysis to
compare solid and mixed tumors after matching for SUV-
max. In this matched model, solid tumors and mixed
tumors had similar clinical characteristics except solid
component size, but there seemed to be a difference in
DFS. Although both tumor types have the same SUVmax,
solid tumors seem to have a worse potential than mixed
tumors.
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TABLE 2. Comparison of solid and mixed tumor characteristics in
patients matched for solid component size

Solid tumors  Mixed tumors

(n=97) n=297) P

Age (y) 64.9 + 104 66.1 + 10.0 .63

Sex .054
Male 50 (51.5%) 36 (37.1%)

Female 47 (48.5%) 61 (62.9%)

‘Whole tumor size (cm) 1.8 £ 0.5 23+05 <.001

Solid component size (cm) 1.8 £ 0.5 1.8+£05 N/A

SUVmax 48 +34 3.04+25 <.001

Lymphatic invasion .008
Negative 63 (64.9%) 81 (83.5%)

Positive 34 (35.1%) 16 (16.5%)

Vascular invasion .029
Negative 62 (63.9%) 76 (78.4%)

Positive 35 (36.1%) 21 (21.6%)

Pleural invasion .003
Negative 71 (73.2%) 88 (90.1%)

Positive 26 (26.8%) 9 (9.9%)

Lymph node metastasis 13
Negative 82 (84.5%) 90 (92.8%)

Positive 15 (15.5%) 7 (7.2%)

Procedure .38
Lobectomy 74 (76.3%) 83 (85.6%)
Segmentectomy 7(7.2%) 8 (8.2%)

Wedge resection 16 (16.5%) 6 (6.2%)

SUVmax, Maximum standardized uptake value; N/A, not applicable.

TABLE 3. Comparison of solid and mixed tumor characteristics in
patients matched for maximum standardized uptake value

Solid tumor Mixed tumor

(n = 96) (n = 96) P
Age (y) 654 + 10.4 65.5+9.3 94
Sex 26
Male 49 40
Female 47 56
‘Whole tumor size (cm) 20+06 2.1+06 24
Solid tumor size (cm) 2.0+ 0.6 1.5+ 07 <.001
SUVmax 40426 40+£26 N/A
Lymphatic invasion A2
Negative 65 74
Positive 31 22
Vascular invasion 47
Negative 62 67
Positive 34 29
Pleural invasion 071
Negative 70 81
Positive 26 15
Lymph node metastasis .54
Negative 80 84
Positive 16 12
Procedure .50
Lobar resection 77 73
Segmentectomy 6 15
‘Wedge resection 13 8

SUVmax, Maximum standardized uptake value; N/A, not applicable.

TABLE 4. Comparison between solid and mixed tumor characteristics
in patients matched for solid component size and maximum
standardized uptake value

Solid tumor  Mixed tumor
(n=179 n=179 P
Age (y) 64.4 + 10.7 66.0 £ 8.9 27
Sex .62
Male 37 (46.8%) 41 (51.9%)
Female 42 (53.2%) 38 (48.1%)
‘Whole tumor size (cm) 1.84+05 22+05 <.001
Solid component size (cm) 1.8£05 1.8+0.5 N/A
SUVmax 37424 37+26 N/A
Lymphatic invasion 31
Negative 53 (67.1%) 60 (75.9%)
Positive 26 (32.9%) 19 (24.1%)
Vascular invasion 1.0
Negative 56 (70.9%) 56 (70.9%)
Positive 23 (29.1%) 23 (29.1%)
Pleural invasion 71
Negative 62 (78.5%) 65 (82.3%)
Positive 17 21.5%) 14 (17.7%)
Lymph node metastasis .80
Negative 67 (84.8%) 69 (87.3%)
Positive 12 (15.2%) 10 (12.7%)
Procedure 15
Lobar resection 61 (77.2%) 66 (83.5%)
Segmentectomy 5(6.3%) 8 (10.1%)
Wedge resection 13 (16.5%) 5(6.3%)

SUVmax, Maximum standardized uptake value; N/A, not applicable.

In a next step, we evaluated whether mixed tumors ex-
hibited malignant behavior and prognosis similar to those
of solid tumors after matching for solid component size
and SUVmax. In this matched model, solid tumors and
mixed tumors had similar clinical characteristics and DFS.
As shown in Figure 2, tumors with equivalent solid compo-
nent size and SUVmax had the same malignant behavior (eg,
lymphatic invasion), regardless of type. The DFS of patients
with solid and mixed tumors was also comparable after
matching for solid component size and SUVmax. These
findings indicate that solid tumors and mixed tumors show
similar biological behavior and prognosis when both have
the same solid component size on HRCT and the same SUV-
max value on PET/CT. In other words, solid component size
on HRCT and SUVmax on PET/CT are important factors for
evaluating malignant behavior of clinical stage IA lung ad-
enocarcinomas before surgery, and this is regardless of the
GGO proportion. Solid and mixed lung adenocarcinoma tu-
mors with low SUVmax reflect pathologic noninvasiveness
and may be good candidates for sublobar resection. We have
previously reported, in the same population who were eval-
uated in the current study, that tumors with SUVmax less
than 1.5 were not associated with lymph node metastasis
or recurrence,'>!® and we recommend that individuals
with clinical stage JA lung adenocarcinomas with
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Solid tumor

Whole tumor size 1.0 cm

SUVmax 1.1
Solid component size 1.0 cm
A Negative for lymphatic invasion

Mixed tumor

Whole tumor size 2.8 cm SUVmax 1.1

Solid component size 1.0 cm
C Negative for lymphatic invasion

Solid tumor

Whole tumor size 1.0 cm

SUVmax 2.9
Solid component size 1.0 cm
B Positive for lymphatic invasion

Mixed tumor

Whole tumor size 2.6 cm SUVmax 2.9

Solid component size 1.0 cm
D Positive for lymphatic invasion

FIGURE 2. Examples of solid and mixed tumors on HRCT. A, Whole tumor size = solid component size: 1.0 cm, SUVmax: 1.1. This solid tumor was
negative for lymphatic invasion. B, Whole tumor size = solid component size: 1.0 cm, SUVmax: 2.9. This solid tumor was positive for lymphatic invasion.
C, Whole tumor size: 2.8 cm, solid component size: 1.0 cm, SUVmax: 1.1. This mixed tumor was negative for lymphatic invasion. D, Whole tumor size: 2.6
cm, solid component size: 1.0 cm, SUVmax: 2.9. This mixed tumor was positive for lymphatic invasion. SUVmax, Maximum standardized uptake value.

SUVmax less than 1.5 should undergo sublobar resection
with adequate surgical margins.'®

One of the strengths of this study is the use of PET/CT in
all patients. PET/CT, which is the diagnostic tool of choice
for patients with non—small cell lung cancer, improves the
sensitivity of preoperative staging and reduces the fre-
quency of futile thoracotomies.'® In addition, SUVmax on
PET/CT is a known prognostic factor for non—small cell
lung cancer, especially for adenocarcinoma.®!!'%1617 For
patients with clinical stage IA lung adenocarcinoma who
do not undergo PET/CT, tumor type (solid or mixed) is an
important factor for predicting malignant behavior and
prognosis. Because the follow-up period was short in this
study, long-term follow-up is needed to confirm the DFS
results.

CONCLUSIONS
In cases of clinical stage IA lung adenocarcinoma, solid
tumors are more malignant than mixed tumors even after

matching for solid component size in both tumor types.
However, solid tumors have the same malignant potential
and prognosis as mixed tumors when both tumor types are
matched for solid component size on HRCT and SUVmax
on PET/CT.
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New Dedicated Bifurcated Silicone Stent
Placement for Stenosis Around the Primary
Right Carina

Masahide Oki, MD, FCCP; and Hideo Saka, MD, FCCP

Background: Silicone stenting has been widely used to palliate respiratory symptoms in patients
suffering from airway stenosis. Although many types and shapes of stents have been developed,
there is no ideal stent for stenosis around the carina between the bronchus to the right upper
lobe and the bronchus intermedius (primary right carina). The purpose of this study was to eval-
uate the feasibility, efficacy, and safety of a new silicone stent designed for treating airway ste-
nosis arcund the primary right carina.

Methods: We recruited 16 patients with suspected stenosis around the primary right carina. Ten
of the patients met the inclusion criteria for inserting the study stent. All stenting procedures
were performed with a rigid and flexible bronchoscope under general anesthesia.

Results: The study stent could be mounted successfully on the primary right carina in all 10 patients.
Five patients underwent stenting using only the new stent, and the other five underwent stenting
with it on the primary right carina and a silicone Y stent on the main carina. The dyspnea index
improved in eight of the 10 patients, including one who was mechanically ventilated. Early complica-
tions developed in three patients (temporary pneumonia in two and retention of secretions in
one), and late complications occurred in two patients (granuloma formation in one and hemop-
tysis in one).

Conclusions: Stent placement with the new silicone stent designed to fit on the primary right carina
is feasible, effective, and acceptably safe.

Frial registry: UMIN-Clinical Trials Registry; No.: UMING0O0001776; URL: www.umin.acjp/ctr

CHEST 2013; 144(2):450-435

Cen{ra} airway obstruction often leads to severe
symptoms such as dyspnea or suffocation, and so
immediate and appropriate treatment is necessary.
Bronchoscopic treatment of central airway stenosis,
such as using argon plasma coagulation, electrocautery,
a cryoprobe, or a high-pressure balloon, has become
widespread, and its usefulness has been well estab-

Manuseript received November 20, 2012; revision accepted
February 11, 2013,

Affiliations: From the Department of Respiratory Medicine,
Nagoya Medical Centex, Nagova, Japan.

Preliminary data were presented previously with slides at the CHEST
2012 Annual Meeting, October 20-25, 2012, in Atlanta, Georgia.
Funding/Support: The authors have reported to CHEST that
no funding was received for this study.

Correspondence to: Masahide Old, MD, FCCE, Department of
Respiratory Medicine, Nagoya Medical Center, 4-1-1 Sannomaru,
Naka-ku, Nagoya 460-0001, Japan; e-mail: masahideo@aol.com
© 2013 American College of Chest Physicians. Reproduction
of this article is prohibited without written permission from the
American College of Chest Physicians. See online for more details.
DOL: 10.1378/chest.12-2834

450

lished.' However, the effects are often temporary,
so stent implantation is often performed to maintain
the reestablished airway patency. Of the currently
available two main types of airway stents, made of
either silicone or metal, ' silicone stents have been
widely used for both malignant and benign airway ste-
nosis, because of some advantages over metallic stents:
easy removal or replacement, easy adjustment of the
length by cutting with scissors, lower costs, less frequent
granulation tissue formation, and durability. Silicone
stents that require a rigid bronchoscope for insertion
have generally been placed into the airway within easy
reach, including into the trachea, the right main stem
bronchus, the left main stem bronchus, and the bronchus
intermedius. The right upper lobe bronchus usually
branches off at sharp angles from the right main stem
bronchus, and it is barely accessible using a rigid bron-
choscope. Therefore, there has not been ideal stenting to
maintain the patency of the right upper lobe bronchus.
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Several investigators have reported the usefulness
of stenting using silicone Y stents for stenosis around
the carina between the bronchus to the right upper
lobe and the bronchus intermedius (primary right
carina).> However, the main carinal angle is different
from the angle of the primary right carina in some
patients, so %h(, limbs of the Y stent analogous to the
main carinal angle may not fit the primary 1’1ght carina.
In addition, commermaiiy‘ available Y stents designed
for placement in the trachea may be too large to place
in the right main stem bronchus. Thus, dedicated
bifurcated stents with exclusive limb angles or sizes
would be needed for more ideal st(,ntm;ﬂ The pur-
pose of this study was to evaluate the feasibility, effi-
cacy, and safety of a new silicone stent deug,zaed for
the treatment of airway stenosis around the primary
right carina.

MATERIALS AND METHODS

Patients and Methods

We carried out a prospective }nciumnarv study at Nagoya
Medical Center. This study was approved by the institutional
review board of Nagoya M edmai Center (‘adenisﬁcn. 2009-254)
and was registered with the University Hospital Medical Informa-
tion Network-Clinical Trials Registry (No.: UMINOCOG01776)
before its start. From }u}v 2009 to August 2011, 16 patients with
airway stenosis around the primary ught carina requiring stent
p]acem(‘nt to maintain airway patency were enro Hed in this x‘md}/
Patients were excladed if ﬂ;e\ were not expected to be palli-
ated by using the study stent because of the narrowing of the
p(‘nphuﬂ airway, including the segmental bronchi of the right
upper, middle, or lower io‘m,. Patients with large bronchi, who
were expected to do better with commercially available tracheal
Y stents, were also excluded. Six patients were judged to meet
such exclusion criteria during the stenting procedure, and, thus,
no attempt was made to insert the stud\; stent. The remaﬁning
10 patients, for whom the study stent insertion was attempted, were
analyzed. Written informed consent was obtained from all patients.

Procedures

The prototype silicone stent {(Novatech) {Fig 1), which was
designed to adapt to the primary right carina. was used. The outer
diameters of the study stent limb for the right main stem bron-
chus, bronchus intermedius, and right upper lobe bronchus were
13 mm, 10 mun, and 9 mm, respectively. Stent placement was per-
formed using a rigid and flexible bronchoscope under general
anesthesia. After the stenotic lesion was examined by a rigid or
flesible bronchoscope, ' the airway lumen was then reestablished
by bronchoscopic procedures combining ar gon plasma coagn-
lation, electrocautery, cryorecanalization, balloon dilatation, or
rigid bronchoscopic debulking. If there was no patency of the
distal airway, the study stent was not inserted, and instead, the
treatment deemed appropriate in clinical practice was given. After
that, the diameter and length of the stenotic airway were mea-
sured using a Hexible bronchoscope, a balloon-type endobronchial
ultrasound probe. and a preprocedural chest CT scan, as we
described previouslyd If the study stent was judged appropriate
for insertion, it was cut to the length measured.

The study stent was placed on the primary right carina using
either the pushing or the pulling methods.?

journal.publications.chestnet.org

Ficure 1. Dedicated bifurcated silicone stent for the stenosis
around the primary right carina.

Pushing method: Using a stent introducer system, the study

stent was inserted into the right main stem bronchus just above
the primary right carina. The stent was then grasped with a rigid
forceps dlld pushed so that the peripheral limbs of the stent sad‘
dled the primary right carina.

Pulling method: Before stent insertion, the imb of the study
stent for the right upper lobe bronchus was cut shorter than the
limb for the bronchus intermedius, The rigid bronchoscope was
advanced as far as possible toward the bronchus intermedius, and
the stent was then pushed out from the stent introducer into the
bronchus intermedius. After that, the stent was grasped with the
rigid forceps and carefully withdrawn until a imb slipped into
the right upper lobe bronchus. Finally, the stent was pushed to fit
on the primary right carina.

If the lesion could not be maintained with only the study stent
(eg, extensive stenosis including trachea or left main stem bron-
chus), we inserted additional stents with the technique described
previously™s If the primary physician judged it necessary, antibi-
otics were given after the stenting, Nebulization using acetyleysteine
to prevent mucus retention was performed, as well as the usual
silicone stenting.

Assessments

The primary end point was feasibility and the secondary end
points were the efficacy and safety of the novel silicone stent
deswned for the treatment of au‘wav stenosis around the pmmu‘y
ng}it cariva, The feasibility of the study stent placement (number
of cases with successful stent 3l<1cunc3)t/x winber of cases in which
the study stent insertion was attempted), changes in pulmonary
function before and after stenting, changes in the dyspuea index
before and after stenting, and frequency of adverse events were
analyzed. Pulmonary function testing and dyspnea index grading,
which have been used to assess the efficacy of stenting, > were
performed within 48 h before stenting and within 1 week after.
Grading of the dyspnea index was assessed by fact finding on the
spot, as follows: grade 0, asymptomatic while d}mbuw stairs;
grade 1, symptomatic while hmbmg stairs; grade 2, symptomatic
after walking 100 m on flat ground; grade 3, symptomatic with the
least effort (eg, talking, getting dressed); and grade 4, symptonatic
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in bed, at rest. The follow-up of clinical course or prognosis was =
conducted to the degree possible. If adverse events occurred, the = ©ww E v ow
details were recorded, and all events were assessed as to whether g TEE ORET OZE&8R
they were related to the study procedures. »
£E
RESULTS é g § 2 24
Patients and Procedures ;f § ‘2 %) ;g’ é’ /% % /% % g
A total of 10 patients (five men and five women; E ( g § OETES
mean age 65 years, range 46-80 vcars) underwent - E ;3
stenting using the study stent. The details are shown T
in Tabie 1. All patients had a malignant disease: lung g &
cancer in five, breast cancer in one, colon cancer in ~ ¢k
one, esophageal cancer in one, malignant lymphoma 8 .2
in one, and malignant fibrous }nstlowt<>1”ﬁcz in one. ;5 % =
The study stent could be placed on the primary right E %5
carina in all patients (100%). Five patients undezwent & < c:
stenting using only the study stent (Figs 2-4), and the 0 0TB% 000 ocoo 4
other five underwent stenting using the study stent ) AL ZZZ ZEZZ "ij
and other stents (Y stent on the main carina in four, "é = = E
Y stent on the main carina and straight stent in the g £ = EEZEZE 2
left main stem bronchus in one, Fig 5). Median sur- - B 3 §2S8¢8 5
vival after the procedure at the time of data collection 5 S % ERS E E é 2
was 198 days (range, 13-836 days). ”§\ g nlEggg % EsEssgs gl %
Eﬁlcmy PE 2 ZOZZ L wwwzgé
- . g A % = " ’5
Details of the effectiveness before and after stent- § 8 i;:" E B e E«% "5%‘ 22
ing are shown in Table 2. Pulmonary function testing S|z _§ 3 % EE EgE ¢ s g é E
before and after stenting could be performed in elght TlTEe 3 '—::2 z =Zs Z§585% g ”%
patients; it could not be periormed in one patient who R g TigT s 2E &
was mechanically ventilated and another who devel- S “ T g =
oped severe myelosuppression due to prior chemo- [ Elgon .ne Lo9.l%%
therapy. FEV, and/or FVC improved in six of eight H % f Axx TRTOTREX Sz
patients (75%). S EB L 2o none|wE
Ry L owman o oo oo oo m%
Safczz‘y ,i —_ R A AAad x——’f\INfN,g{g
@ Elomw worw rmroroeo |
No complications occurred during the actual stent- =z Bg) S g g 2 cg ¢ §F§ ? £ &

. SRR N1 v B &L g X
ing procedures. Early complications occurred in B REEEE £E5€ SEE4\5¢
three patients (pneumonia in two and retention of Fomem mEmm mmEs T; E
secretions in one). One patient with malignant fibrous g Z 2
histiocytoma, who underwent stenting with the com- 5 === =8 *Z;'é—: 2 5
bination of the study stent and the Y stent, suffered s$: 285 EEZE ¥
from pneumonia in the right upper lobe lung. The 3§28 SSF Szagls g
other patient with lung cancer, who also underwent I Y i é Sp iz g 3
stent placement using both the study stent and the = "§ £ A §G z & 2 e
Y stent, developed pneumonia in the left lung. These 27 2 X E 0 sw 5%
patients received IV antibiotic therapy, and the pneu- TS T AZ3|72%
monias resolved immediately. One patient with breast = 9E%
cancer who presented with superior vena cava syn- flmsm Smm eS| Bl
drome and right pleural effusion suffered from reten- - £ 0
tion of secretions. Specific therapy (eg, bronchoscopy) N e mw meo wewmo|BEE
other than nebulization was not performed until the owerE o weE FEEE § ERs
stent removal because of the tumor response to radi- . g gﬁ
ation therapy 63 days after stent placement. Z g =

Late complications were observed in two patients. g g s E
One patient underwent additional stenting because Elmae wre rooI TP
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PICUR? Broachoscopic views and CT image of patient 1 in

Tables 1 and 2. A, Brouchoscopic view before stent placement,
showing the zwhi main stem bronchus and the B invaded by
colon cancer. B Bmu{hmcoym view alter stent pia( ement o the
primary right carina. C, CT image after stent placement on the
primary right carina. BI = bronchus intermedius; MC = main carina;
RULB = right upper lobe bronchus.

of the progression of esophageal cancer 230 days
after stenting. During the procedure, mild granulation
tissue at the right upper lobe bronchus was observed
and treated with argon plasma ('oag{uhnon Another
patient developed hemoptysis and died 55 days after
stenting. Tha patient had experienced hemaptysix
before stcmma so it may have been related to the
progression of | SqUAMOoUs cell lung cancer.

DisSCUSSION
Stenting has been widely performed to maintain
airway patency in patients suffering from central air-
way stenosis or obstruction caused by various benign

A B

FIGURE 3. onnchoscoplc views of Ipahent 2 in Tables 1 and 2.

A, Bronchoscopic view before stent placement, showing the orifice
of the RULB and the BI obstructed v €50] hdgecxl cancer. B, Bron-
choscopic view after stent piacemont on the primary right carina.
See Figure 2 legend for expansion of abbreviations.

journal.publications.chestnst.org

FIGURE 4. onndmsmpic views of patient 4 in Tables 1 and 2.
AL Bronchoscopic view before t placement, showing the LM&)B
compressed by lung cancer (: ade ﬂncammoam\ B, onnchmmpv
revealing stenotic bronehi around the privoary right carina. C and
D, Bromhoscopn views after stent placement on the pnman
right carina. LMSB = left main stems bronchus: RMSB = right
main stem brouchus. See Figure 2 legend for expansion of other
abbreviations.

or malignant diseases. We often encounter patients
with stenosis of the right upper lobe bronchus, which
could lead to atelectasis or obstructive pneumonia.
Although many types and shapes of stents have been
developed,'™2! “there is no ideal stent for the stenotic
airway around the primary right carina to facilitate
ventilation and the clearance of secretions from the
right upper lobe lung. Several investigators have
introduced a “window” method, using a fenestrated
silicone? or metallic® stent toward the right upper
lobe bronchus to ventilate. Certainly, the window
punched out in the stent wall, which is located at the
orifice of the right upper lobe bronchus, makes ven-
tilation and expectoration possible. However, it is
useless in maintaining the airway patency or in pre-
venting restenosis of the right upper lobe bronchus,
In addition, tumor or Uranuldtlon tissue is likely to
extend into and obstnmt the window mxmedlatelv
Furthermore, the location of the window is likely to
move from the orifice of the right upper lobe bronchus
because migration of straight stents occurs frequently.
In the past few years, a method using a silicone Y stent
to straddle the primary right carina was reported.>?
This method has overcome the drawbacks of the “win-
dow” method, and is quite effective in certain cases.
However, commercially available Y stents are designed
to fit the airway around “the main carina, but not the sizes
and limb angles in some patients. Some investigators*

CHEST /144 /2/AUGUST 2013 453

Downloaded From: http://journal.publications.chestnet.org/ by a Wakayama Medical University User on 05/22/2014

m—-214



F1GURE 5. Bronchoscopic views and chest roentgenogrars of patient 8 in Tables 1 and 2. A, Bronchoscopic
view before stent placement, xnowmg the trachea and the RMSB invaded by lung cancer (squamous cell
carcinoma). B, Bronchoscopic view of additional radiopaque Y stent on the main carina. C. Broncho-
scopic view of the primary right carina after stent piaaement The right main bronchial mb (arrows) of
the additional Y stent was inserted into the right main stem bronchial limb of the study stent. I, Chest
roentgenogram before stent placement, shomng s atelectasis of the right upper lobe lung. E and F, Chest
roentgenograms after stent placement. Rarimpaquo studs (arrows) of the study stent and a Y stent can
be seen. See Figure 2 and 4 legends for expansion of other abbreviations.

have reported the usefulness of a Montgomery T-tube
in place of a stent for the primary right Lanncé stenosis,
because the rectangular imb of a Montgomery T-tube
resembles the primary right carinal angle. However, its
drawback is anatomic; the diameter of the right main
stem bronchus is different from that of the bmmhus
intermedius.

Our study demonstrated that the new bifurcated
silicone stent could be placed on the primary carina

or “pulling” method, the techniques for inserting a
Y stent on the main carina.’! Thus, the study stent can
be inserted by a physician familiar with Y stent place-

ment. Although our study was designed to assess only
the effectiveness just after the g)mcedme stenting
with the study stent achieved good clinical eiﬁc&(}

The dyspnea ‘index improved immediately in eight
of the 10 patients, and the pulmonary function test
improved in all but two patients who suffered pneu-

monia or mucus retention at the time of the evalua-
tion. The two patients who developed pneumonia

and fit well; it could be successtully placed on the pri-
mary right carina in all patients with the “pushing”

Table 2—Efficacy Before and After Stenting

Dyspnea Indexs Before
{After} Stenting

Supplemental O, Before
{After) Stenting, L/m

FEV, Before (After)
Stenting, mL

FVC Before (After}

Patient No. Stenting, mL

1 2(1) 0 (0) 1,090 (1,370) 1,350 (1.790)
2 2(0) 2.(0) 1,260 (2,650) 1,700 (3.630)
3 3(2) 0(0) 1,850 (1,210) 2,830 (2,280)
4 2(2) 0{0) 1,380 (1,700) 2,760 (3,020}
5 4(2) 4(0) 750 (1,630) 1,050 (2.,150)
6 4(3) 1(1) N/A N/A

7 14D 0{0) 1,560 (1,080) 1,750 (1,750}
$ 4(1) MV (0) N/A N/A

9 2(1) 0 (0) 1,040 (1,390) 1,540 {1,410)
10 2(1) 0 (0} 1,710 (1,790} 2,050 {2,410)

MV = mechanical ventilation; N/A = not available; O, = oxygen.
“Dyspnea index: 0, asymptomatic while climbing stairs; 1, symptomatic while climbing stairs; 2, symptomatic after walking 100 m on flat ground;
3, symptomatic with the least effort (e.g. talking, getting dressed); 4, symptomatic in bed, at rest.
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had extensive stenotic lesions, so they underwent
stenting with a combination of the study stent and a
Y stent. The tracheal limbs of the Y stents used in
these patients (50 mm and 35 mm) were somewhat
longer than the tracheal limb of the Y stent used in
patients who previously underwent stent placement
with a combination of the two Y stents in our institu-
tion (median, 20 mm; range, 15-30 mm).5 The pneu-
monias resolved immediately with antibiotic treatment,
with no relapse. However, stent length should be min-
imized while covering the whole stenotic region to
prevent mucus retention or pneumonia.

A limitation of the current preliminary study is
that its team has extensive practical experience in
performing stenting procedures. All stenting proce-
dures were performed by one of the current authors
with > 10 years of experience in stenting procedures,
who was familiar with Y stent placement on the main
carina and/or the primary right carina. To insert this
stent, a certain amount of experience and skill is
needed. Other limitations are the small sample size
and use of a single stent of one size. Larger studies
with different-sized stents are warranted,

CONCLUSIONS

Our findings suggest that placement of this new sil-
icone stent designed to fit on the primary right carina
is feasible, effective, and acceptably safe.
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Abstract

Background: Although rapid on-site cytologic evaluation
(ROSE) is widely used during endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA), its
role remains unclear. Objectives: The purpose of the pres-
ent study was to evaluate the efficacy of ROSE during EBUS-
TBNA in the diagnosis of lung cancer. Methods: One hun-
dred and twenty patients highly suspected of having lung
cancer who had hilar/mediastinal lymphadenopathy or a
tumor adjacent to the central airway were enrolled in this
study and randomized to undergo EBUS-TBNA with or with-
out ROSE. Results: Twelve patients with visible endobron-
chial lesions were excluded in the analysis. Thus, a total of
108 patients (55 in the ROSE group, 53 in the non-ROSE
group) were analyzed. Additional procedures including
EBUS-TBNA for lesions other than the main target lesion
and/or transbronchial biopsy in the same setting were per-
formed in 11% of patients in the ROSE group and 57%in the
non-ROSE group (p < 0.001). Mean puncture number was
significantly lower in the ROSE group (2.2 vs. 3.1 punctures,

p < 0.001), and mean bronchoscopy time was similar be-
tween both groups (22.3 vs. 22.1 min, p = 0.95). The sensitiv-
ity and accuracy for diagnosing lung cancer were 88 and
89% in the ROSE group, and 86 and 89% in the non-ROSE
group, respectively. No complications were associated with
the procedures. Conclusions: ROSE during EBUS-TBNA is as-
sociated with a significantly lower need for additional bron-
choscopic procedures and puncture number.

Copyright © 2013 S. Karger AG, Basel

Introduction

Transbronchial needle aspiration (TBNA) is a well-
established procedure for evaluating lesions adjacent to
the central airway. Since the development of TBNA with
a flexible bronchoscope in the late 1970s [1], the proce-
dure has been improved with various techniques or de-
vices to increase the diagnostic accuracy. Rapid on-site

Preliminary data were previously presented with slides at ERS 2012
Annual Meeting in Vienna. Trial Registration: UMIN-Clinical Trials
Registry; Identifier: UMINO000001334, http://www.umin.ac.jp/ctr/in-
dex.htm.
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cytologic evaluation (ROSE) during TBNA has been
suggested as one such way. It has been reported to be ef-
fective, as it increases the diagnostic vield [2, 3], decreas-
es the number of needle passes [4, 5], obviates the need
for additional diagnostic procedures [4-7], reduces the
complication rate of bronchoscopy [5] and reduces the
cost [6]. Although its role is controversial [8], many in-
vestigators recommend the use of ROSE during TBNA
[9, 10].

Development ofan endobronchial ultrasound (EBUS)
bronchoscope has enabled ‘real-time’ TBNA by con-
firming the position of the needle tip under EBUS imag-
ing during the TBNA procedure, allowing for a more
highly accurate TBNA procedure than by the conven-
tional TBNA. Although EBUS-guided TBNA (EBUS-
TBNA) is a relatively new procedure, many studies have
reported its usefulness for hilar/mediastinal explora-
tions [11-13], and it has been rapidly popularized. Many
bronchoscopists use ROSE routinely during EBUS-TB-
NA as well as conventional TBNA in the current clinical
practice [12, 13], and some authors recommend the use
of ROSE during EBUS-TBNA [14]. However, no pro-
spective comparative studies focused on the utility of
ROSE during EBUS-TBNA have been reported, and so
its role has remained unclear. We conducted this pro-
spective randomized study to further clarify the role of
ROSE during EBUS-TBNA in the diagnosis of lung can-
cer. The primary endpoint was the frequency with which
additional bronchoscopic procedures can be eliminated
in the same setting. Secondary endpoints were the diag-
nostic accuracy of EBUS-TBNA for lung cancer, the di-
agnostic yield of EBUS-TBNA, number of needle passes,
time of the procedures, and the frequency of complica-
tions.

Patients and Methods

Patients

We carried out a prospective study which was approved by the
institutional review board of Nagoya Medical Center (identifier:
2008-175) and registered with the UMIN-Clinical Trials Registry
(identifier: UMING00001334). Included in this study were 120 pa-
tients suspected of having lung cancer along with metastatic lymph
nodes or tumors, 10 mm or greater in the shortest diameter on
chest computed tomography, all of which were easily accessible
with EBUS-TBNA. All patients with lung cancer diagnosed patho-
logically prior to bronchoscopy were excluded. Patients who had
obviously bronchoscopically visible endobronchial lesions were
also excluded. Randomization for EBUS-TBNA with or without
ROSE was performed by minimization with stratification factors
including lymph node location (subcarinal lymph node vs. other),
lymph node size (20 mm or greater vs. less than 20 mm) and ex-

EBUS-TBNA with or without ROSE for
Lung Cancer

aminer experience (staff pulmonologists vs. pulmonary residents
5years or less after receiving their MD). All patients provided their
written informed consent.

Procedures

Bronchoscopic procedures were performed under local anes-
thesia with lidocaine and conscious sedation with intravenous
midazolam by staff pulmonologists or supervised pulmonary
residents. EBUS-TBNA was performed in the same manner we
previously described [15, 16]. After insertion of the EBUS bron-
choscope (BF-UC260F-OL8; Olympus, Tokyo, Japan) into the
trachea directly or through an endotracheal tube, a balloon at-
tached on the transducer was inflated with saline solution. The
balloon was then brought into contact with the airway wall and
moved in all directions to identify the lesions for sampling.
When the target lesion was visualized by EBUS, a 21- or 22-gauge
needle was passed through the working channel of the broncho-
scope, which was then advanced through the tracheobronchial
wall into the lesion under real-time EBUS visualization. After
stylet removal, suction was applied using a syringe while ma-
nipulating the needle back and forth within the lesion. After the
sampling, the suction was released slowly and the needle was
retracted.

The specimen collected in the lumen of the needle was first
pushed out with the central stylet and then blown by air with a
syringe onto a glass slide. The visible tissue fragment on the glass
slide was then collected and transferred into numbered separate
containers filled with formalin for histologic examination. The
remaining specimen on the glass slide was smeared with anoth-
er glass slide, then the residual specimen stored at the lumen of
the needle and catheter was then washed and flushed into saline
for culture [15-17]. In patients assigned to the ROSE group, one
glass slide was used for ROSE and another was submitted for
permanent cytologic examination with Papanicolaou stain. For
ROSE, a cytotechnologist evaluated the cell material of the air-
dried smears on-site with a quick staining method (Diff-Quik;
Kokusaishiyaku, Kobe, Japan). Additional passes were made af-
ter the ROSE result was identified. The decision as to termina-
tion or additional samplings was made by the examiner based
on the ROSE results. In patients assigned to the non-ROSE
group, all smeared cytologic specimens were fixed in 95% alco-
hol for cytologic examination. Three punctures were defined as
a standard number in the study protocol, and additional punc-
tures or additional bronchoscopic procedures such as EBUS-TB-
NA for other lesions or transbronchial biopsy (TBB) for periph-
eral pulmonary lesions were performed if the examiner consid-
ered it necessary. The location of the lymph node examined {18],
the number of punctures and the time of the procedure were
recorded.

Diagnosis

Each histologic and cytologic specimen was interpreted sepa-
rately by an experienced pathologist. ‘Suspicious’ findings were
regarded as negative in our analysis. The final diagnoses were es-
tablished by pathological evidence from biopsy (e.g. bronchoscop-
ic, radiological or surgical procedures), microbiological analysis or
clinical follow-up. Benign diagnoses for patients without a defini-
tive diagnosis by EBUS-TBNA were confirmed by radiclogical size
stability and clinical compatibility during the follow-up period for
at least 6 months after bronchoscopy.
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Table 1. Characteristics of patients and lesions

Patients
Male/female
Age, years
Smoking history
Never-/ex-/current-smoker
Lesion size
Mean, mm (range)
<20/220 mm
Location of lesion targeted
2R
2L
3p
4R
4L
7
10R
10L
11R
11L
12R
Central parenchyma

55 53

Lesions other than the main target lesion 210 mm accessible by EBUS-TBNA

With/without
Side of suspected primary lesion
Right/left
Primary disease
Benign/malignant
Primary lung cancer/others
Bronchoscopy
Initial bronchoscopy/previous nondiagnostic bronchoscopy
Examiner
Staff pulmonologist/resident

44/11 39/14 0.50
68.0+7.5 (51-84) 66.5+10.8 (34-84)  0.39
9/18/28 4/20/29 0.37
254+11.7 (10-60)  23.4+10.6 (10-67)  0.35
18/37 20/33 0.69
5 3
1 0
1 5
22 15 0.2
1 3
13 16 0.44
1 2
2 2
6 5 0.8
3 0
0 1
0 1
39/16 36/17 0.83
42/13 38/15 0.58
2/53 7146 0.09
51/4 43/10 0.09
44/11 37/16 0.27
50/5 49/4 1

Data are presented as n or means £ SD (range).

Statistical Analysis

Based on our own experience, we estimated that 33% of pa-
tients in the ROSE group and 75% of those in the non-ROSE group
would have to undergo additional procedures. Demonstration of
superiority with a statistical power of 90% at a two-sided signifi-
cance level of 0.05 would require 66 patients. We considered that
about 50% of the endoscopically visible lesions would be excluded
from the analysis, and thus enrolled a total of around 120 patients
with 60 in each group.

Means and percentages were presented as appropriate. Diagnos-
tic yields, diagnostic sensitivity, specificity, positive predictive value,
negative predictive value and accuracy were calculated using the
standard definitions on a per-patient basis. Dichotomous variables
were analyzed using Pearson’s x* test or Fisher’s exact test, and con-
tinuous variables were analyzed using Student’s t test. Statistical anal-
yses were performed using a statistical software program (PASW Sta-
tistics 18; SPSS Inc, Chicago, IlL, USA). Results were considered sta-
tistically significant when the p value was less than or equal to 0.05.
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Results

Patients and Lesions

Between August 2008 and April 2011, a total of 120
patients were enrolled in this study and randomized to
undergo EBUS-TBNA with or without ROSE. Twelve
patients with a bronchoscopically visible endobronchial
lesion were excluded from the analysis. Thus, a total of
108 patients (55 patients in ROSE group, 53 patients in
non-ROSE group) were included in this analysis. Char-
acteristics of patients and lesions in each group were
summarized in table 1. There was no statistically signifi-
cant difference in the baseline characteristics between
the groups.
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Table 2. Procedural details

Mean puncture number for main target lesion
Additional procedures
EBUS-TBNA for other lesions
TBB for peripheral lesions
EBUS-TBNA for other lesions and TBB for peripheral lesions
Sole diagnosis provided by additional procedures
Bronchoscopy time, min

2.2+0.9 (1-6) 3.1+0.4 (3-5) <0.001
6 30 <0.001
2 26
4 3
0 1
0 3

22.3+15.9 (9-94) 22.1+7.7 (11-56) 0.95

Data are presented as n or means * SD (range).

Table 3. Final diagnosis and EBUS-TBNA results

Malignant
Primary lung cancer
Adenocarcinoma 10
Squamous cell carcinoma 15
Large cell carcinoma 1
Non-small cell carcinoma 3
Small cell carcinoma [
Metastatic carcinoma 0
1
0

bt

Malignant lymphoma
Mediastinal tumor

fo—

*—-‘OHU:WO\T#

oy

(renal cell carcinoma)

(germ cell tumor)

Benign
Epithelioid cell granuloma with/without necrosis 1

(1 tuberculosis) 1

(1 unspecified)

Nondiagnostic
Epithelioid cell granuloma® 1
Nonrepresentative samples

(1 Iung cancer) 1
(5 lung cancers, 12
1 amyloid tumor,

1 atypical carcinoid)

(1 lung cancer)

(5 lung cancers, 1 mediastinal cancer,

1 granuloma, 1 abscess, 4 unchanged with
8-30 months of follow-up)

One was diagnosed by BBUS-TBNA for second target lesion. ® Sarcoidal reaction.

Comparison of Procedures

Procedural details in each group are summarized in
table 2. Punctures for the main target lesion were signifi-
cantly fewer in the ROSE group than in the non-ROSE
group (mean: 2.2 vs. 3.1 punctures, p < 0.001). In the
ROSE group, 6 of 55 patients (11%) underwent addition-
al procedures (2 EBUS-TBNA for other lesions, 4 TBB) in
the same setting according to the negative result of ROSE,
while in the non-ROSE group, 30 of 53 patients (57%)
underwent additional procedures (26 EBUS-TBNA for
other lesions, 3 TBB, 1 both EBUS-TBNA and TBB;
p < 0.001). Of the 30 patients who underwent additional
procedures in the non-ROSE group, 3 (10%) were diag-

EBUS-TBNA with or without ROSE for
Lung Cancer

nosed solely by the additional procedures. Mean bron-
choscopy time was similar in each group (mean: 22.3 vs.
22.1 min, p = 0.95).

Diagnostic Performance

Pathological results of EBUS-TBNA and the final di-
agnosis per-patient basis are detailed in table 3. Two pa-
tients with a final diagnosis of lung cancer were given a
histological diagnosis of epithelioid cell granuloma by
EBUS-TBNA, which was suggested to be a sarcoidal reac-
tion. The overall diagnostic yield of EBUS-TBNA in the
ROSE-group and the non-ROSE group was 85% (47 of
55) and 75% (40 of 53), respectively (p = 0.23).
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Table 4. Diagnostic value of EBUS-TBNA for lung cancer

Sensitivity 88 86
Specificity 100 100
Positive predictive value 100 100
Negative predictive value 40 63
Accuracy? 89 89

Data are presented as %. 2 p = 0.95 using x? test.

The diagnostic accuracies of EBUS-TBNA in the diag-
nosis of lung cancer are shown in table 4. Of the 82 pa-
tients with lung cancer diagnosed by EBUS-TBNA, a pos-
itive EBUS-TBNA result was obtained from N3 lymph
nodes in 11 patients, N2 lymph nodes in 59 patients, N1
lymph nodes in 11 patients and parenchyima in 1 patient.

Accuracy of ROSE

The diagnostic accuracy of ROSE as positive or nega-
tive in the diagnosis of malignancy for the final patho-
logical diagnosis on per-lesion bases was calculated. Two
false-positive cases and 2 false-negative cases resulted.
The sensitivity, specificity, positive predictive value, neg-
ative predictive value and accuracy were 96,78, 96,78 and
93%, respectively.

Safety
No complication was observed to be associated with
bronchoscopy.

Discussion

To our knowledge, this is the first randomized study on
the effect of ROSE during EBUS-TBNA in the diagnosis of
lung cancer. This study demonstrated that during EBUS-
TBNA ROSE reduced the puncture number or obviated
the need for additional bronchoscopic procedures, but it
was not associated with the total bronchoscopy time. We
could not demonstrate differences in diagnostic accuracy
or complication rate in this small study. Our study showed
the usefulness of EBUS-TBNA as the initial diagnostic test
for the pathological confirmation of lung cancer as well.

ROSE feeds back valuable information to the exam-
iner on the adequacy of cytologic samples at the time of
needle aspiration procedures, which indicates whether
the procedure should be repeated or not. In conventional
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TBNA, many investigators have reported the usefulness
of ROSE, but the role is controversial [8, 9]. For example,
several authors have reported that ROSE increases the di-
agnostic yield [2, 3]. The examiner can modify the tech-
nique by changing the puncture site, puncture depth or
angle based on the ROSE results, which might increase
the diagnostic yield. The results of recent randomized
studies contradicted the diagnostic efficacy of ROSE dur-
ing conventional TBNA [5, 7]. In a randomized study in-
cluding 168 patients, Trisolini et al. [5] demonstrated no
significant difference between TBNA with and without
ROSE in terms of diagnostic yield or sample adequacy. In
addition, procedure time on TBNA with ROSE was sig-
nificantly longer than TBNA without ROSE due to pro-
cessing, and careful review of the slides despite the use of
ROSE was associated with fewer biopsy sites. The same
investigators noted that the benefit of ROSE during
TBNA was avoidance of additional biopsy which was as-
sociated with complications. Yarmus et al. [7] also found
similar results in their randomized study of 68 patients.
The value of ROSE during EBUS-TBNA may be small-
er than that during conventional TBNA in terms of diag-
nostic yield because of the high diagnostic yields of EBUS-
TBNA regardless of using ROSE. In fact, it was reported
that 7 aspirates maximized the yield of conventional
TBNA for the diagnosis and staging of lung cancer [19],
while a study [20] concerning EBUS-TBNA demonstrat-
ed that 3 aspirates per lesion were sufficient to obtain op-
timal results for the staging of lung cancer. The result may
suggest that the optimal yield is obtained by 3 aspirates
regardless of using ROSE. Griffin et al. [21] also found
that ROSE during EBUS-TBNA did not increase the di-
agnostic yield in their retrospective study. They also re-
ported that ROSE during EBUS-TBNA did not decrease
the number of lesions sampled per patient. To the con-
trary, our study demonstrated that during EBUS-TBNA
ROSE reduced the puncture number per lesion or the
number of lesions aspirated. In our clinical practice with-
out ROSE, we prefer performing EBUS-TBNA for plural
lesions to performing EBUS-TBNA for a single lesion to
increase the diagnostic yield if there are multiple evalu-
able lesions [16]. If we use ROSE, we can judge the neces-
sity of further needle passes or diagnostic procedures
from the ROSE results. In our study, EBUS-TBNA for
multiple lesions was performed in only 5% of patients
with enlarged evaluable lesions other than the main target
lesion in the ROSE group, against 75% of patients in the
non-ROSE group. However, the clinical benefit might be
limited. EBUS-TBNA is extremely safe, so the additional
punctures can be performed without additional compli-
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cations. In addition, ROSE could not shorten the bron-
choscopy time because preparing and reviewing slides for
ROSE took time.

Our study demonstrated the usefulness of EBUS-TB-
NA as the initial diagnostic test for lung cancer as well.
Diagnosis of lung cancer as well as its staging is one of the
common indications for EBUS-TBNA. We often encoun-
ter patients with a small peripheral primary lung cancer
with bulky mediastinal lesions. In addition, some lung
cancers, especially small cell lung cancers, present medi-
astinal masses without a distinct primary parenchymal le-
sion [22]. Furthermore, the result of EBUS-TBNA plays
an important role not only for the diagnosis but also the
mediastinal staging. Surgical resection is not the treat-
ment of choice for most patients with the positive result
of N3 lymph nodes, N2 lymph nodes or N1 Iymph nodes
in small cell lung cancer. While many investigators have
reported the accuracy of EBUS-TBNA for the staging of
lung cancer [11, 12], little has been reported on the role
of the procedure in the diagnosis of lung cancer. Lee et al.
[22] retrospectively evaluated the diagnostic accuracy of
EBUS-TBNA for lung cancer. They reported excellent ac-
curacy and sensitivity of 98 and 97%, respectively. Our
study again demonstrated the high accuracy of EBUS-TB-
NA in the diagnosis of lung cancer with or without ROSE.
Despite the high accuracy, we must carefully interpret the
pathological findings of epithelioid cell granulomas. In
our study, sarcoidal reaction at the targetlesion was found
in one patient with lung cancer in each group. It may be
difficult to distinguish between sarcoidosis and sarcoidal
reaction from only pathological samples. If a specimen is
obtained with a sarcoid-like appearance from enlarged
lymph node in patients with suspected lung cancer, an-
other biopsy for the primary lesion should be performed.

The limitation of our study was that the primary end-
point was the frequency for eliminating the need for ad-
ditional bronchoscopic procedures, but not the diagnos-
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introduction
Lung cancer is a leading cause of cancer-related morbidity and mor-
tality in the world. Although the disease is predominantly caused by
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tobacco smoke, approximately 25% of all lung cancers worldwide are
not attributable to this etiology. In fact, approximately 30% of Japanese
patients with non-small-cell lung cancer (NSCLC) are never-smokers,
as observed in a study that consisted of more than 20,000 patients.’
Lung cancer in never-smokers differs significantly from that of smokers
in clinical characteristics and in the distribution of oncogenic abnormal-
ities, and it has been suggested to be a distinct disease.”

Although several possible explanations have been proposed, the
cause of lung cancer in never-smokers remains unclear. Explanations
include environmental tobacco smoke (ETS) exposure,® radon,*
wood smoke,” occupational exposure,® oncogenic virus,”® genetic
change,” and sex hormone.'®'" A Japan Public Health Center—
based prospective study showed that, in Japan, second-hand smoke
exposure is clearly related to the development of lung adenocarci-
noma in never-smokers.” The study identified a statistically signifi-
cant dose-response relationship between the quantity and the inten-
sity of husbands’ smoking and their wives’ incidence of lung cancer.
Our previous study with a detailed questionnaire in a prospective
way enhances this finding that the development of epidermal growth
factor receptor (EGFR) mutations is significantly associated with the
dose of ETS exposure in never-smokers.'* However, there are con-
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flicting data published on the relationship between ETS and EGFR
mutations in never-smokers with NSCLC. A study from Korea
showed opposite results, in which the development of the mutation
was inversely proportional to the ETS'?; although, in the United
States, there was no association between them.'® A study with a
well-designed and standardized questionnaire in a larger sample size
is required to conclude this issue.

An oncogenic role for the HPV has been widely investigated in
NSCLC.” Although all the published reports were retrospective anal-
yses with potentially significant limitations and bias, the systematic
review nevertheless suggested that the development of lung cancer in
Asia can be attributed to some extent to HPV. Moreover, a different
detection rate was observed geographically even within east Asia,
with a higher rate in the southern area than in the northern regions.
There is a substantial need to confirm these findings by using a
standardized HPV detection methodology in a prospective study in
Japanese patients.

The association between sex and lung cancer carcinogenesis is also
an important consideration. Although studies provide conflicting
results on the strength of this association, it has been postulated that
women are more vulnerable to tobacco smoke-associated carcino-
gens than men. The large SWOG study S0424 was originally de-
signed to address this issue by using a detailed questionnaire and
NSCLC tissue specimens from smoker and never-smoker men and
women with newly diagnosed stage I, stage I1, or stage I1I NSCLC,*?
in which polycyclic aromatic hydrocarbons and aromatic amines of
DNA adducts are measured to quantitate levels of DNA damage
stratified by sex and the smoking status. Cigarette smoke contains a
large number of carcinogens, and polycyclic aromatic hydrocarbons
and aromatic amines are among the most important contributors to
the carcinogenic process. The Japan Molecular Epidemiology for
lung cancer (JME) study follows and extends the concept of S0424
by using a similar approach that will allow for direct comparison of
data in the future.

Sex hormones, including estrogen and progesterone, have been
suggested to play an important role in lung carcinogenesis. Results of
epidemiologic studies showed that women were predominant in
number in the never-smoking subpopulation. Further, results of
large randomized studies suggest that estrogen plus progestin therapy
is associated with an increased risk of lung cancer. The prospective
Vitamins and Lifestyle Study followed a cohort of more than 36,000
peri- and postmenopausal women during 6 years of follow-up.'®
After adjusting for smoking and other confounding factors, the in-
cidence of lung cancer was increased for those who used estrogen plus
progestin. The risk was proportional to the duration of hormone
exposure (hazard ratio 1.48 [95% CI, 1.03-2.12] for those with =10
years of exposure to estrogen plus progestin).

In terms of biologic function, estrogen receptors (ER) are ex-
pressed in diverse normal and neoplastic tissues, and mediate growth
and maturation of normal tissue. A number of studies have noted
expression of ERs in a large portion of lung tumors. In a couple of
studies, the development of FGFR mutations was significantly asso-
ciated with expression of ER 8 in NSCLC surgical specimens.'®"!
There have been no studies that systematically evaluated ER expres-
sion in lung cancer and its relationship with genetic mutations or
environmental and reproductive risk factors.

Identification of driver mutations in NSCLC has been instrumen-
tal in improving treatment strategies. ALK (anaplastic lymphoma
kinase) gene translocations have been demonstrated to be critical
targets and biomarkers for crizotinib efficacy,'” similar to EGFR
mutations for gefitinib and erlotinib, and the discovery of other mu-
tations for treatment is ongoing. The Lung Cancer Mutational Con-
sortium in the United States'® and the Lungscape project in the
European Union'? are currently exploring new molecular targets for
treatment in lung cancer. Powerful tools for genome-wide character-
ization have been developed, including next-generation sequencing,
which enables comprehensive examination of somatic mutations as-
sociated with carcinogenesis. The Cancer Genome Atlas is an ongo-
ing global project that uses this technology to distill essential driver
abnormalities from the background noise.’® A focus of the JME
study is to explore new driver mutations by using advanced technol-
ogies and approaches now available with regard to sex of the patient
and tobacco smoke exposure. The association between oncogenic
abnormality profiles and drug sensitivity and prognosis will also be
examined.

In addition, the JME study is designed to investigate the rela-
tionship between ethnicity and NSCLC carcinogenesis. It is clear
that NSCLCs are different in tumor biology between Caucasian
and Asian patients. Gandara et al*' showed that there was a sig-
nificant difference in survival and toxicities between the US and
the Japanese patients treated with carboplatin and paclitaxel in a
“common arm” trial, in which the study design, eligibility crite-
ria, and staging were similar. The median overall survival in the
metastatic disease was 12 and 14 months for Japanese patients vs.
9 months for US patients (P = .0006).%' As for EGFR mutations,
the frequencies appear to be highly distinct; the high detection
rate in Asia was reported consistently across publications. Differ-
ent influences of smoking status on the development of NSCLC
also was observed between the United States and Japan in popu-
lation-based prospective studies. In a comparison of the Japanese
cohort with US Cancer Prevention Study II during the same
period,*” Japanese never-smokers had an increased risk of lung
cancer, whereas Japanese current smokers were at a lower risk of
the cancer compared with those in the United States. To elucidate
the mechanistic contributions of ethnic differences, there is a
need to collaborate in comprehensive and global approaches for
examining development of NSCLC as well as the clinical behavior
and outcome.

Objectives

The primary objective of this study is to assess surgical lung
specimens from patients with stage I, stage II, stage ITIA, or stage
IIIB NSCLC for driver mutations, expression of HER2 and ER «
and ER B, the presence of smoking-associated DNA adducts, and
evidence of HPV, and to explore new molecular markers by using
next-generation sequencing. By using information collected be-
fore surgery on patient demographics, smoking history and occu-
pational exposures, carcinogenic mechanisms will be elucidated
in never-smokers and ever-smokers. Secondary objectives are to
examine whether the relapse rate, disease-free survival, and overall
survival time differ among the patients with different mutational
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