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Abstract

Persistent pulmonary subsolid

nodules with solid portions of 5

mm or smaller: Natural course
and management

Jong Hyuk Lee
Department of Clinical Medical Science
The Graduate School

Seoul National University

Objective: To investigate the natural course of persistent pulmonary
subsolid nodules (SSNs) with solid portions <bmm and whether
“follow-up and surgical resection after interval growth” can have
negative influence on recurrence or overall death in patients with

persistent PSNs with solid component < 5mm.

Methods: From 2005 to 2013, the natural courses of 213 persistent
SSNs in 213 patients were evaluated. To identify significant
predictors of the interval growth, Kaplan—-Meier analysis and Cox
proportional hazard regression analysis were performed. Meanwhile,
125 part-solid nodules (PSNs) were evaluated for disadvantage of
delay in surgical resection only after the sole evidence of interval

growth on patient outcomes, using Cox-regression analysis.



Results: Among the 213 nodules, 136 were pure ground-glass
nodules (GGNs) (growth, 18; stable, 118) and 77 were part-solid
GGNs with solid portions <bmm (growth, 24; stable, 53). For all
SSNs, lung cancer history (p=0.001), part-solid GGNs (p<0.001), and
nodule diameter (p<0.00I) were significant predictors for the interval
growth. On subgroup analysis, nodule diameter was an independent
predictor for the interval growth of both pure GGNs (p<0.00I), and
part-solid GGNs (p=0.037). For part-solid GGNs, lung cancer history
(p=0.002) was another significant predictor of the interval growth.
Interval growth of pure GGNs >10mm and part-solid GGNs >8mm
were significantly more frequent than in pure GGNs <10mm
(p<0.001) and part-solid GGNs <8mm (p=0.003), respectively. With
respect to prognosis in PSNs, There were five equivocal cases of
recurrences. However, even if these 5 equivocal cases were actually
recurrences, there were no significant differences between these two
groups in terms of recurrence-free survival (p=0455) and overall
survival (p=0.155).

Conclusion: Natural course of SSNs with solid portions <5mm
differed significantly according to their nodule type and nodule
diameters, with which their managements can be subdivided. And
“follow-up and surgical resection after interval growth” did not show
negative influence on prognosis of patients with persistent PSNs with

solid components < b5mm.

Keywords: Ground-glass nodule; Lung adenocarcinoma;
Adenocarcinoma in Situ; Computed tomography; Follow-Up Studies;

Operation; Recurrence; Mortality

Student Number: 2015-22255
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Introduction

Persistent pulmonary subsolid nodules (SSNs) that persist or grow
over follow—up examinations of 3 months or longer can be
categorized into pure ground-glass nodules (GGNs) and part-solid
GGNs (1). Barring a few exceptions, they pathologically represent
invasive pulmonary adenocarcinoma or their preinvasive lesions such
as atypical adenomatous hyperplasia (AAH), or
adenocarcinoma-in-situ (AIS) (1-3), and along with the increased
utilization of CT in lung cancer screening and in daily clinical

practice, the detection of these SSNs is expected to increase (2).

According to recent Fleischner Society guidelines, persistent subsolid
nodules are categorized into three groups, pure ground-glass nodules
(GGNs), part-solid nodules (PSNs) with solid component < bmm,
and PSNs with solid component > 5mm (1). They recommend yearly
surveillance follow-up CT for persistent pure GGNs larger than 5
mm, and suggest that part-solid GGNs with solid portions < 5 mm
may also be followed-up with yearly surveillance CT, as these
nodules show a markedly indolent clinical course and a substantial
proportion of these nodules may not be clinically relevant
malignancies (1). However, such conservative management on these
nodules with high malignancy potential can take a risk of stage shift
and worse prognosis due to the resultant treatment delay. Indeed, one
retrospective study reported that a delay in surgical resection only
after the sole evidence of interval growth had no adverse effect on

patient outcomes (4).



Several previous studies have also investigated the natural course of
SSNs and reported its indolent clinical course as well as various
clinico-radiological factors that can be utilized to predict the interval
growth of these nodules (2, 5-15). However, although pure and
part-solid GGNs can show very distinct clinical behaviors with
different malignant probabilities (1, 16), these studies analyzed pure
GGNs and part-solid GGNs altogether without separate
sub-classification, or arbitrarily decided the cut-off values for the
evaluation of SSNs without elaborate categorization. In addition, there
have been no studies that have evaluated the natural course of
persistent SSNs with solid portions < 5 mm, classified in the new
Fleischner Society’s guidelines, and investigated the predictors for
interval growth of these nodules over follow—ups. Moreover, there has
been no study dealing with whether there would be any difference
regarding disease recurrence or patients’ survival between “follow—up
and surgical resection only after interval growth” and “immediate
surgical resection” in patients with persistent PSNs with solid
component < 5mm. Therefore, our study aimed to investigate the
natural course of persistent pulmonary SSNs with solid portions < 5
mm and whether “follow-up and surgical resection after interval
growth” can have negative influence on recurrence or overall death in

patients with persistent PSNs with solid component < 5mm.



MATERIALS AND METHODS

This retrospective study was approved by the institutional review
board of Seoul National University Hospital with a waiver of the

requirement for patients’ informed consent.

Natural course of persistent pulmonary SSNs

with solid portions < 5 mm

A search of our hospital's Ground-Glass Nodule registry (17-20)
between May 2005 and February 2013 was conducted. Two
radiologists (J.H.L. and C.M.P., with 4 and 17 years of experience in
thoracic radiology) reviewed all chest CT images of this registry and
patients who met all of the following criteria comprised our study
population: Patients with (a) SSNs confirmed as persistent on
follow-up CTs with a follow-up interval of 3 months or longer, (b)
SSNs ranging in diameter from 5 mm to 3 cm on their initial CTs,
(c) solid portions within SSNs, if any, 5 mm or smaller, and (d)
initial chest CTs demonstrating SSNs with slice thicknesses < 1.25
mm. Solid portions referred to the part of SSN showing increased
attenuation to the degree of obscuring the underlying pulmonary
vessels and airway walls within it. In this study, we used the
“average diameter” for SSNs' diameter, which is defined as the
average between the longest diameter of the SSNs and their
perpendicular short-axis diameter on axial CT images based on

Fleischner Society recommendations (1). The size of part-solid GGNs'’



solid portions was measured in its largest dimension. When patients
had multiple SSNs, only one dominant SSN was included according
to the following criteria: (a) Part-solid GGNs receive higher priority
than pure GGNs, (b) when there are two or more part—solid GGNss,
the nodule with the largest solid portion was selected, (c) when size
of solid components was similar, a PSN with the largest size was
selected, and (d) a pure GGN with the largest diameter was selected,

if there were no part-solid GGNs.

Finally, 213 persistent SSNs in 213 patients (mean age, 57.88 +
10.38 years; range 24 - 87 years) were included in this study
(median follow-up duration, 849 days; range, 90 - 2900 days). Of the
213 patients, 72 were men (mean age, 59.10 + 9.88 years; range 24 -
87 years) and 141 were women (mean age, 57.26 * 10.6 years; range
24 - 80 years).

One author (S.M.L., with 10 years of experience in thoracic
radiology) searched the electronic medical records and the radiology
information systems of our hospital for the clinical and demographical
features of the study patients including sex, age, smoking history,
lung cancer history, as well as a history of other cancers. If the
patients had a cancer history, the author investigated whether the
SSNs were detected synchronously or metachronously. Pathological
diagnoses of the surgically resected SSNs were also recorded. All
chest CT images were viewed by two radiologists (J.JH.L. and
C.M.P.) in consensus. The initial and all follow-up CT images were
displayed side-by-side on monitors using the Picture Achieving and
Communication Systems, and were compared. All SSNs and their

solid portions were evaluated through visual assessment at the lung



window setting (a level of 700 Hounsfield units and a width of 1500
Hounsfield units). The nodule type of SSNs (pure GGNs or part-solid
GGNs), multiplicity, location of SSNs and diameters of SSNs on
initial CT and follow-up CTs were also recorded. In this study,
interval growth of SSNs was designated when one of the following
was observed: (a) a size increase of > 2 mm in diameter was
identified on follow—up CTs compared with initial CT (21), (b) solid
portions in part-solid GGNs increased by 2 mm or greater compared
to the initial CT, or (c) solid portions newly occurred within the pure

GGNs (1, 5-9).

After that, all 213 SSNs were analyzed using Kaplan—Meier
analyses with the log-rank test based on the clinico-radiologic
features described above. To determine the independent predictors of
interval growth, multivariate Cox proportional hazard regression
analysis with backward stepwise selection was performed using input
variables with P-values < 0.10 at the log-rank test. Backward
stepwise selection was conducted with iterative entry of variables
based on the test results (p<0.05), and the removal of variables was
based on likelihood ratio statistics with a probability of 0.10.
Subsequently, the 213 SSNs were categorized into pure GGNs and
part-solid GGNs with solid parts < 5 mm, and subgroup analysis
was performed separately for each group in the same statistical
manner as described above, as these two groups have been reported
to have different malignancy probabilities, and assumingly different
natural courses (1, 16). In the part-solid GGN group, the cut-off
value of the solid portion was determined using ROC curve analysis.

Among the significant variables on the Cox proportional hazards



model, nodule diameter was selected for further categorization. For
each type of SSN, we divided the patients into three groups
according to their diameter on initial CT (<8mm; 8-10mm; >10mm)
and post hoc power analysis was performed for the results of
Kaplan—-Meier analyses with the log-rank test to confirm the most
significant cut-off diameter for growth. Finally, the annual cumulative
percentages of growing nodules were analyzed with respect to the
determined cut-off diameters in pure GGN and part-solid GGN

groups.

Prognosis comparison between “follow—up and
surgical resection only after interval growth” and
“immediate surgical resection” in patients with

persistent PSNs with solid portions < 5mm

One author (J.H.L.) searched the lung parenchymal operation records
of our hospital between April 2006 and February 2015 and selected all
pathologic information with the descriptive terms “pulmonary
adenocarcinoma”, “minimally invasive adenocarcinoma’, or preinvasive
lesion such as “atypical adenomatous hyperplasia”, “adenocarcinoma
in—situ” or “bronchioloalveolar carcinoma”. A total of 2959 pathologies
were identified and two radiologists (J.JH.L. and C.M.P.) reviewed all
pre—-operation chest CT images of these 2959 pathologies. Lesions
which met all of the following criteria comprised our study
population: Lesions with (a) appearance of PSNs ranging in size from
5mm to 30mm on initial chest CT and persistent over short-term

follow—up 3months or shorter, (b) solid components within PSNs,



5mm or smaller on initial CT, (c) initial chest CTs demonstrating
PSNs with slice thicknesses < 1.25 mm, (d) available post—-operative
CT scans to evaluate patients’ postoperative disease status. When one
patient had multiple PSNs with solid component < 5mm, only one
dominant nodule was included in the same manner as described
above. A total of 144 patients with 144 PSNs with solid parts Smm
or smaller were selected. Among this population, 19 patients with 19
PSNs (median follow—up period, 255 days; range 123 - 1150 days)
which were followed-up and surgically resected later without
evidence of interval growth on follow—up CTs, were excluded in this
study since this study aimed to investigate whether there would be
any difference regarding disease recurrence or patients’ survival
between “follow-up and surgery only after interval growth” and
“Immediate surgery” in patients with persistent PSNs with solid

component < 5mm.

Thus, 125 individuals (men:women=41:84; mean age, 59.9 + 9.1
years, range 38 — 80 years) with 125 PSNs (mean diameter, 13.16 +
5.32mm; range, 5 - 29.7mm) were finally included in this study
(figure 1) and they were categorized into two groups (interval growth
group vs. immediate surgery group). The interval growth group is
defined as PSNs which are designated when one of the growth
indications as described above. The immediate surgery group is
referred to group of the nodules with just short-term follow-up CT
demonstrating persistency of the nodules. Among the 125 patients, 54
patients were classified into “interval growth group” (median
follow—up period before surgery, 554 days; range, 90 - 3222 days)

and the remaining 71 were categorized into “immediate surgery
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group” (median follow-up period before surgery, 49 days; range, 25
- 91 days).

One author (J.H.L.) searched the electronic medical records and the
radiology information systems of our hospital for the clinical and
demographical features of this study population including age, sex,
smoking history, and history of malignancy. Pathological diagnoses
and stages of the surgically resected PSNs were also recorded. In
addition, the individuals’ survivals were investigated. Two radiologists
(JHL. and C.M.P.) reviewed all pre- and post-operation chest CT
images in consensus. All PSNs and their solid components were
evaluated through visual assessment at the lung window setting (a
level of =700 Hounsfield units and a width of 1500 Hounsfield units).
Multiplicity, location of PSNs and sizes of the nodules and their solid
components on initial CT and pre-operation follow-up CTs were
recorded. As for interval growth group, clinical tumor stage shift was
evaluated both based on whole nodule size and solid component’ size.
For evaluation of recurrence, all follow—up chest CTs after surgery
were evaluated at both lung and mediastinal window setting (a level

of 30 Hounsfield units and a width of 400 Hounsfield units).

Independent t-test, Wilcoxon rank sum test, Chi—-square test, and
Fisher's exact test were performed to analyze mean and proportions
of baseline clinical and radiological findings of the two groups, as
appropriate. To evaluate the influence of follow-up till interval growth
on recurrence and survival, Cox proportional hazard model was
performed (22). To control the potentially different baseline
characteristics between these two groups, rigorous adjustment for the

variables was conducted. For the continuous variables including age,
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size of the nodules, and solid components, restricted cubic spline
regression was performed for linearity assumption and proportional
hazard assumption (23-25). Sex, history of malignancy, smoking
history, location and position of the nodules, and multiplicity were
modeled as categorical variables, and log—log survival plot was used
for proportional hazard assumption. A P value < 0.05 was considered
to indicate a statistical significance, with all statistical analyses
performed using SPSS ver. 20.0 (SPSS Inc., Chicago, IL, USA) and
MedCalc ver. 12.0 (MedCalc Software, Mariakerke, Belgium).

Seven different CT scanners were used in this study (Sensation
16, SOMATOM Definition, Siemens Medical Solutions, Forchheim,
Germany; Brilliance-64, Ingenuity, Phillips Medical Systems, Best,
Netherlands; Aquilion One, Toshiba, Japan; Discovery CT750 HD,
LightSpeed Ultra, GE Medical Systems, Waukesha, Wis). All CT
examinations were performed with the following parameters: 120 kVp;
60-90 mAs; pitch of 0.75 - 1.5; and collimation of 0.625 - 1.25mm.
All image data were reconstructed using the medium-sharp
reconstruction algorithm with a thickness of 1.25mm or less. CT
scans were performed in the supine position at full inspiration. In the
case of contrast-enhanced CT, 100 mL of contrast medium was
injected at a rate 2 mL/sec. Intervals between follow-up CTs after
confirmation of SSNSs’ persistency were decided upon at the referring
physicians’ discretion (mean interval, 12.4 months; range, 6 months -

2 years).
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RESULTS

Natural course of persistent pulmonary SSNs

with solid portions < 5 mm

Clinical and initial radiological characteristics of the 213 patients and
213 persistent SSNs are summarized in Table 1. Among the 213
SSNs, 136 were pure GGNs, and 77 were part-solid GGNs with solid
portions < 5 mm on initial chest CT scans. With respect to nodule
growth, 42 nodules were classified to have shown growth and 171
were determined to have remained stable. Among the 42 SSNs
classified as having shown growth, nodule size increased in 22, new
solid portions occurred within the SSNs in 4, internal solid portions
increased in 4, and the remaining 12 showed a combination of these
patterns. For follow—up duration, there were 165, 112, 63, 40, and 24
nodules at 1, 2, 3, 4, 5 year’s follow—up, respectively, and 24 nodules

had been followed-up for more than 5 years.

Among the 213 nodules, 58 nodules were surgically resected (median
follow-up period before surgical resection, 557 days; range, 94 -

2903 days). Fourteen were invasive adenocarcinomas (pure GGN in 3,
part-solid GGN in 11), 5 were minimally invasive adenocarcinomas
(MIA) (pure GGN in 4, part-solid GGN in 1), 30 were AIS (pure
GGN in 19, part-solid GGN in 11), and 9 were AAH (pure GGN in 7,
part-solid GGN in 2). Twenty-seven of the 58 nodules were judged
to have shown growth prior to surgical resection and were confirmed

as invasive adenocarcinomas (n=5), MIA (n=3), AIS (n=17), and AAH
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(n=2), pathologically. The remaining 31 of the 58 nodules consisting
of 19 pure GGNs and 12 part-solid GGNs were resected without
evidence of growth. The mean diameter of these 19 pure GGNs and
12 part-solid GGNs were 8.83 mm (range, 5.0 - 144 mm) and 9.3
mm (range, 5.1 — 15.3 mm), respectively. Pathologically, 19 pure
GGNs turned out to be AAH (n=5), AIS (n=9), MIA (n=2), and
invasive adenocarcinomas (n=3). As for the 12 part-solid GGNs, there
were 2 AAH, 4 AIS, and 6 invasive adenocarcinomas. Meanwhile, the
15 SSNs showing interval growth on follow—ups (median, 19 months;
range, 3 — 63 months) were not resected owing to several reasons
such as patient’s refusal of surgery (n=10) or loss of follow—up
(n=5). These 15 nodules consisted of 4 pure GGNs (mean diameter,
9.08 mm; range, 7.4 - 12.3 mm) and 11 part-solid GGNs (mean

diameter, 11.45 mm; range, 5.7 - 17.8 mm).

On Kaplan—-Meier analysis with the log-rank test, lung cancer
history (p=0.002), nodule type of SSNs (p<0.00I) (Figure 2a), and the
diameter of SSNs (p<0.001) were shown to be significant variables
for SSN growth. Subsequent Cox proportional hazard regression
analysis revealed that lung cancer history (Hazard ratio (HR), 3.884;
p=0.001), part-solid GGNs (HR, 3.570; p<0.00I), and the diameter of
SSNs (HR, 3.576; p<0.001) were independent predictors for interval
growth of SSNs.

Table 2 demonstrates the results of univariate and multivariate
analyses on the growth of pure GGNs. The diameter of pure GGNs
(p<0.001) was a single significant variable associated with interval
growth on Kaplan-Meier analysis with the log-rank test. Subsequent

Cox regression analysis also revealed that their diameter (HR, 6.620;
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p<0.00l) was the only significant predictor for the interval growth of
pure GGNs. According to the analysis of the three subgroups based
on SSN diameters (<8mm; 8-10mm; =>10mm), a cut-off value of 10
mm was determined to be the most significant cut—off diameter in
terms of nodule growth (p<0.00I1, p=0.015). The annual cumulative
percentages of growing pure GGNs with a cut-off value of 10 mm is
demonstrated in Table 3. Pure GGNs > 10 mm on initial CT showed
significantly more frequent interval growth than pure GGNs < 10 mm
(12.9% vs. 1.9%, 30.4% vs. 4.0%, 42.0% vs. 10.9%, 42.0% vs. 13.5%,
71.0% vs. 135%, at 1, 2, 3, 4 and 5 year’s follow-up, respectively;
p<0.001) (Figures 2b).

Univariate and multivariate analyses on the growth of part-solid
GGNs with solid portions < 5 mm are summarized in Table 4. The
log rank test revealed that patient’s age (p=0.043), lung cancer history
(p<0.00D), diameter of part-solid GGNs (p=0.003), and solid portion
size (p<0.001) were significant variables associated with interval
growth. Subsequent Cox regression analysis demonstrated that lung
cancer history (HR, 5.917; p=0.002) and diameter of part-solid GGNs
(HR, 2.749; p=0.037) were independent predictors for interval growth
of part-solid GGNs, while the size of the solid portion (HR, 2.394,
p=0.094) did not show statistical significance. According to the
analyses of the three groups based on their diameters (<8mm;
8-10mm; >10mm), the most significant cut-off diameter in terms of
nodule growth was 8 mm (p=0.014, p=0.011). The annual cumulative
percentages of part-solid GGNs showing growth with a cut-off value
of 8 mm is presented in Table 3. Part-solid GGNs > 8 mm had a

significantly higher frequency of interval growth than those < 8 mm
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(11.5% vs. 11.5%, 38.0% vs. 21.5%, 43.6% vs. 21.5%, 78.9% vs. 21.5%,
789% vs. 21.5%, at 1, 2, 3, 4 and 5 year's follow-up, respectively;
p=0.003) (Figures 2c).

Prognosis comparison between “follow—up and
surgical resection only after interval growth” and
“iImmediate surgical resection” in patients with

persistent PSNs with solid portions < Smm

The baseline clinical and CT characteristics for 125 PSNs of 125
individuals and the comparison between the two groups were
summarized in the table 5. Among the 54 PSNs of interval growth
group, nodule size increased in 30 (mean increase of size, 3.96 *
1.54mm; range, 2.1 - 7.0mm), internal solid parts increased in 10
(mean increase of solid parts, 3.8 £ 3.75mm; range, 2.0 - 14.4mm)
and the remaining 14 showed a combination of the two patterns
(mean increase of nodule size, 45 * 1.78mm; range, 2.3 - 8.5mm;
mean increase of solid component, 3.84 + 2.44mm; range, 2.1 -
9.2mm). In the interval growth group, median time interval between
initial CT and occurrence of interval growth / surgical resection were
527 days (range, 90 - 1281 days) and 579.5 days (range, 91 - 3255
days), respectively. For reference, median time interval between last
pre-operative CT and surgery was 8 days (range, 1 - 73 days) for
interval growth group. And the median time interval between last
pre-operative CT scans and surgical resections was 17 days (range, 0
- 76 days) in the immediate surgery group. On the last CT before

surgery, size of solid component of interval growth group (4.44 +
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2.76mm; range, 1.5 - 16.9mm) was significantly larger than that of
immediate surgery group (3.49 £ 1.0lmm; range, 1.6 - 5.6mm;
p=0.02) though size of PSNs did not show difference (interval growth
group, 14.76 £ 5.06mm; immediate surgery group, 14.54 * 5.50mm; p
= 0823). Surgical and pathological results for these 125 nodules were
summarized in the table 6. There were five PSNs with invasion of

visceral pleura and no PSN with lymphatic or vascular invasion.

The median follow—up periods after surgical resection were 957.5
days (range, 158 - 2365 days) and 1277 days (range, 179 - 2543
days) in the interval growth group and immediate surgery group,
respectively. In the interval growth group, five PSNs showed clinical
stage shift based on the size of whole nodule during preoperative
follow—up period (initial size, 16.68 + 3.0lmm; range 13 - 20mm; size
after interval growth, 2292 * 257mm; range, 20.3 - 27mm), in
which tumor stage did not change based on their solid components’
size (initial solid size, 2.68 + 0.83mm; range 1.4 - 3.5mm; solid size
after interval growth, 4.12 +* 142mm; range, 3.2 - 6.6mm). These
five PSNs were clinical stage Tla on initial chest CT, which
progressed as clinical stage T1b after interval growth, which were
pathologically confirmed as adenocarcinoma (n=2), MIA (n=2), and

AIS (n=1).

There were five equivocal cases (4.0%) in which recurrences
occurred or not among 125 individuals. The profile of theses five
cases 1s summarized in table 7. Otherwise, there was no recurrence
on their post-operative follow-ups. Even if these 5 equivocal cases
were actually recurrences, there was no significant recurrence

difference between interval growth group and immediate surgery
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group (adjusted hazard ratio (HR) = 0.455; 95% confidence interval
(CD, 0.050 - 4.156; p=0.485). For survival analysis, four individuals
died (interval growth group, n=1; immediate surgery group, n=3).
There was no significant difference in the respect of survival (HR =
0.068; 95% CI, 0.001 - 3.616; p=0.185 (figure 3). For reference, five
individuals with above-mentioned PSNs of clinical stage shifts had

not equivocalness of recurrence or death.
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DISCUSSION

In our study, we found that lung cancer history, part-solid GGNs,
and the diameter of SSNs were significant predictors for the growth
of SSNs with solid portions < 5 mm. On subgroup analysis, nodule
diameter was observed to be a significant predictor of growth for
both pure GGNs and part-solid GGNs, with lung cancer history
shown to be another significant factor of growth for part-solid GGNs.
Pure GGNs > 10 mm and part-solid GGNs > 8 mm were also
shown to have a significantly higher cumulative percentages of
growth than pure GGNs < 10 mm (p<0.001) and part-solid GGNs <
8 mm (p=0.003), respectively. In addition, we proved that conservative
follow—up until confirmation of interval growth did not result in
disadvantage of recurrence or survival in the PSNs with solid

component < bmm.

Previous studies (2, 9) have also reported that the size of SSNs was
a significant predictor of nodule growth. Interestingly, Matsuguma et
al. (8) had reported that lung cancer history and nodule size were
significantly associated with nodule growth in pure GGNs, however
they were unable to find any significant predictors for nodule growth
in part-solid GGNs. In our study, nodule diameter was shown to be a
significant predictor of interval growth for both pure GGNs and
part-solid GGNs with solid portions < 5 mm. This discrepancy may
be due to the differences in SSN measurement methods between ours
and the previous study (8). In the previous study (8), the diameter of

SSNs was determined using only the maximal diameter, while we
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recorded the average diameter between the longest diameter and that
of the perpendicular short—axis diameter according to Fleischner
Society recommendations (1). Since the shape of SSNs could
frequently vary and appear as round, oval, or even spiculated rather
than spherical, determination of the diameter using both the largest
and their perpendicular short-axis diameters may better reflect the
actual size of the SSNs than only the maximal diameter. Although it
still remains debatable whether SSNs in patients with a lung cancer
history are second primary lung cancers or metastasis from previous
lung cancers, two previous studies (8, 9) suggested that they may in
fact be second primary lung cancers rather than metastasis.
Hiramatsu et al. reported that none of their patients with lung cancer
history had extrathoracic metastasis or bilateral multiple metastasis
and Matsuguma et al. also reported no recurrence on their patients’
follow—up periods except for only one patient (8, 9). In fact, all five
patients in our study who had a previous history of lung cancer also
showed interval growth of part-solid GGNs without any local
recurrence or other distant metastasis. Nevertheless, it remains
difficult to know confirmatively the exact relationship between lung
cancer history and growing SSNs owing to the lack of a pathological
diagnosis of growing SSNs and the small number of these patients
with both SSNs and previous lung cancer history. Further large

scaled studies would be necessary to address this issue.

In this study, pure GGNs < 10 mm showed a significantly lower
frequency of interval growth than those in the > 10 mm group, with
cumulative percentages of 1.9%, 4.096, 10.9%, 13.5%, 135% at 1, 2, 3,

4, and 5 year follow-ups, respectively. Therefore, considering their
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very slow growth rate (17) and the low incidence of interval growth,
pure GGNs < 10 mm may be best followed—up biennially after
one-year follow-up. Through the one-year follow-up, rapidly growing
pure GGNs, which may be biologically more aggressive and thus
clinically relevant malignancies, could be avoided from being missed,
while subsequent biennial follow-ups can reduce the cumulative
radiation dose as well as the monetary burden of the patients without
missing the growth of relatively indolent pure GGNs. Although there
may be nodules that show interval growth at second-year follow—up
CTs without detectable growth on first year follow—up, we believe
that as their growth rate may be low, the chance of a significant
delay in the diagnosis of clinically relevant malignancies would not be

substantially high.

The annual cumulative percentages of growing pure GGNs > 10
mm in our study was 12.9%, 30.4%, 42.0%, 42.0%, 71.0% at 1, 2, 3, 4,
5 year follow—ups, and this frequency is thought to be substantial.
Previous studies have reported that the growth of SSNs was
typically observed within the first 3 years in large pure GGNs (6, 8),
and revealed that pure GGNs > 10 mm may frequently be invasive
adenocarcinomas pathologically (16, 19). In this context, for pure GGN
> 10 mm, annual follow-up CT may be reasonable, as recommended
by the management guidelines of the Fleischner Society (1). For
part-solid GGNs with solid portions < 5 mm, interval growth can
occur frequently regardless of their diameter. Therefore, we believe
that annual surveillance should not be skipped for these persistent
part-solid GGNs. Particularly, in the case of part-solid GGNs > 8

mm, their interval growth was observed to occur consistently and
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frequently (11.5%, 38.0%, 43.6%, 78.9%, 78.9% at 1, 2, 3, 4, and 5
year follow—ups, respectively) and approximately 80% of these
nodules grew in 4 year follow-ups. Thus, immediate surgical
resection of theses nodules may not be unreasonable after

confirmation of their persistency.

With respect to prognosis comparison study, five PSNs with solid
component < bmm showed clinical stage shift during the follow—up
period before confirmation of interval growth. These 5 nodules were
demonstrated as clinical stage Tla on initial chest CT, which shifted
to clinical stage T1b after interval growth and turned out as
adenocarcinoma (n=2), MIA (n=2), and AIS (n=1), pathologically. In
spite of stage shift during follow—up, however, five individuals who
had these five nodules did not show disease recurrence after surgery
or die. It could be because surgical resection for theses nodules were
performed too early state to change patients’ prognosis, considering
three of these five PSNs consisted of MIA or AIS. It is widely
accepted that size of tumor is important for the prognosis prediction
of the patient with lung cancer (26). And according to previous
study, size of solid part is better prognostic factor than nodule size in
part-solid GGN (27). As suggested by previous study (27), if clinical
stages for these five PSNs are applied with solid part instead of
nodule size, they are all Tla without stage shift even after interval
growth. Considering this result, the fact that recurrence or death did

not occur in these five nodules can be explainable.

Meanwhile, when sizes of PSNs and solid components within them
were adjusted to minimize different baseline characteristics between

the two groups in the present study, recurrence and survival were
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comparable between the two. In addition, sizes of PSNs on the last
preoperative CT and pathologic sizes of the lesions reflecting actual
pathologic tumor sizes were not significantly different between the
two groups. In this context, nodules’ size itself can be better than the
presence of interval growth in terms of prognosis of patients with
PSN with solid component < bmm. However, although sizes of solid
components were different on the last preoperative CT between the
two groups with increased size of solid components in the interval
growth group, the patient’s prognosis was not significantly influenced
by it, unlike previous study (27). It may be because a little increases
in solid component’ size may not actually have significant effect on
patient’s prognosis to a certain degree. Actually, sizes of solid
components in the two groups are less than 10mm even on the last
pre-operative CT. Further large scaled studies would be necessary to

address this issue clearly.

Several limitations of our study should be mentioned. First, this
study was of retrospective design, and CT examinations or patients’
management were not uniformly performed. Second, in spite of our
relatively large study population, the number of growing nodules was
relatively small. Third, follow—up of SSNs was not uniform or quite
long. Fourth, we selected dominant nodules in one patient who had
multiple SSNs as dominant nodules are generally regarded to
determine a patient’s outcome and further management (1). However,
there may have been the possibility that non-dominant nodules would
show a different gwth rate or tendency than dominant lesions. Fifth,
study population of prognosis comparison study was limited to

surgically resected PSNs with solid component < 5mm. There must
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be PSNs with solid component < 5mm which were not resected
though they showed interval growth. Sixth, all SSNs showing
interval growth in our study were not resected nor were they
diagnosed pathologically, owing to patient’s refusal of surgery or loss
of follow—up. Lastly, there were five equivocal cases which had

recurrence or not in prognosis comparison study.

In conclusion, natural course of SSNs with solid portions < 5 mm
significantly differed according to nodule type and nodule diameters,
with which their managements can be subdivided. And “follow-up
and surgical resection after interval growth” did not show negative
influence on prognosis of patients with persistent PSNs with solid

components < bmm.

24 ] H_, T} ¢



REFERENCES

Naidich DP, Bankier AA, MacMahon H et al (2013)
Recommendations for the management of subsolid pulmonary
nodules detected at CT: a statement from the Fleischner
Society. Radiology 266:304-317

Kobayashi Y, Sakao Y, Deshpande GA et al (2014) The
association between baseline clinical - radiological characteristics
and growth of pulmonary nodules with ground-glass opacity.
Lung Cancer 83:61-66

Kim H, Park CM, Koh JM, Lee SM, Goo JM (2014)
Pulmonary subsolid nodules: what radiologists need to know
about the imaging features and management strategy. Diagn
Interv Radiol 20:47-57

Sawada S, Komori E, Nogami N, Segawa Y, Shinkai T,
Yamashita M (2009) Evaluation of lesions corresponding to
ground-glass opacities that were resected after computed
tomography follow-up examination. Lung Cancer 65:176-179
Lee SW, Leem CS, Kim TJ et al (2013) The long-term
course of ground-glass opacities detected on thin—section
computed tomography. Respir Med 107:904-910

Kobayashi Y, Fukui T, Ito S et al (2013) How long should
small lung lesions of ground-glass opacity be followed? J
Thorac Oncol 8:309-314

Chang B, Hwang JH, Choi Y-H et al (2013) Natural history
of pure ground-glass opacity lung nodules detected by

low-dose CT scan. Chest 143:172-178

25 "':l‘\-_i _'k.:.': ok



Matsuguma H, Mori K, Nakahara R et al (2013)
Characteristics of subsolid pulmonary nodules showing growth
during follow—up with CT scanning. Chest 143:436-443
Hiramatsu M, Inagaki T, Inagaki T et al (2008) Pulmonary
ground-glass opacity (GGO) lesions - large size and a history
of lung cancer are risk factors for growth. J Thorac Oncol
3:1245-1250

Park CM, Goo JM, Kim T]J et al (2008) Pulmonary nodular
ground-glass opacities in patients with extrapulmonary
cancers: what 1s their clinical significance and how can we
determine whether they are malignant or benign lesions? Chest
133:1402-1409

Henschke CI, Yankelevitz DF, Mirtcheva R, McGuinness G,
McCauley D, Miettinen OS (2002) CT screening for lung
cancer: frequency and significance of part-solid and nonsolid
nodules. AJR Am ] Roentgenol 178:1053-1057

Kim HK, Choi YS, Kim ], Shim YM, Lee KS, Kim K (2010)
Management of multiple pure ground-glass opacity lesions in
patients with bronchioloalveolar carcinoma. ] Thorac Oncol
5:206-210

Kim HK, Choi YS, Kim K et al (2009) Management of
ground-glass opacity lesions detected in patients with
otherwise operable non-small cell lung cancer. J Thorac Oncol
4:1242-1246

Ohde Y, Nagai K, Yoshida J et al (2003) The proportion of
consolidation to ground-glass opacity on high resolution CT is
a good predictor for distinguishing the population of

non-invasive peripheral adenocarcinoma. Lung Cancer

26 -':lx_i -k:::'.l.:i o



42:303-310

Aoki T, Tomoda Y, Watanabe H et al (2001) Peripheral lung
adenocarcinoma: correlation of thin—section CT findings with
histologic prognostic factors and survival. Radiology
220:803-809

Lee HJ, Goo JM, Lee CH, Yoo C-G, Kim YT, Im J-G (2007)
Nodular ground-glass opacities on thin-section CT: size
change during follow—up and pathological results. Korean J
Radiol 8:22-31

Song YS, Park CM, Park SJ, Lee SM, Jeon YK, Goo JM
(2014) Volume and mass doubling times of persistent
pulmonary subsolid nodules detected in patients without known
malignancy. Radiology 273:276-284

Lee SM, Park CM, Goo JM et al (2010) Transient part-solid
nodules detected at screening thin—section CT for lung cancer:
comparison with persistent part—solid nodules. Radiology
255:242-251

Lee SM, Park CM, Goo JM, Lee H-J, Wi JY, Kang CH
(2013) Invasive pulmonary adenocarcinomas versus preinvasive
lesions appearing as ground-glass nodules: differentiation by
using CT features. Radiology 268:265-273

Chae H-D, Park CM, Park S]J, Lee SM, Kim KG, Goo JM
(2014) Computerized texture analysis of persistent part-solid
ground-glass nodules: differentiation of preinvasive lesions
from invasive pulmonary adenocarcinomas. Radiology
273:285-293

Kakinuma R, Ashizawa K, Kuriyama K et al (2012)

Measurement of focal ground-glass opacity diameters on CT

27 -':lx_i -k:::'.l.:i o



images: interobserver agreement in regard to identifying
increases in the size of ground-glass opacities. Acad Radiol
19:389-394

Firth D (1993) Bias reduction of maximum likelihood
estimates. Biometrika 80:27-38

Durrleman S, Simon R (1989) Flexible regression models with
cubic splines. Stat Med 8:551-561

Govindarajulu US, Spiegelman D, Thurston SW, Ganguli B,
Eisen EA (2007) Comparing smoothing techniques in Cox
models for exposure - response relationships. Stat Med
26:3735-3752

Koehler EM, Sanna D, Hansen BE et al (2014) Serum liver
enzymes are associated with all cause mortality in an elderly
population. Liver Int 34:296-304

Rami-Porta R, Ball D, Crowley J et al (2007) The IASLC
Lung Cancer Staging Project: proposals for the revision of the
T descriptors in the forthcoming (seventh) edition of the TNM
classification for lung cancer. J Thorac Oncol 2:593-602
Hwang EJ, Park CM, Ryu Y et al (2015) Pulmonary
adenocarcinomas appearing as part-solid ground-glass nodules:
Is measuring solid component size a better prognostic

indicator? Eur Radiol 25:558-567

28 -':lx_i -k:::'.l.:i o



TABLES AND FIGURES

Table 1. Baseline clinical and radiological characteristics

of 213 patients and their 213 persistent pulmonary SSNs

Clinical Features of Patients

Radiological Characteristics

Follow-up 849 Multiplicity 99, 114
period, days | g0 9900) (multiple, | (465%, 53.5%)
single)
Sex 72, 141 Location of 69, 18, 36, 64,
(Male, Female) | (33.8%. 66.2%) PoNs 20
(RUL, RML, (32.4%, 8.5%,
RLL, LUL, 16.9%6, 30.0%,
LLL) 12.2%)
Age (years) 57.88 + 10.38 Location of 92, 121
(24 - 87) PONS (43.2%, 56.8%)
(central,
peripheral)

Smoking 143, 59, 11 Position 105, 33, 75
eyt er | (671%, 277% Ef;}'}?sfﬁﬁ (49.3%, 155%,
ever—-smoker, 5.2%) parenchymal) 35.2%0)

unknown)

Time of Type of SSNs

occurrence
Synchronous | 53 / 77 (68.8%) Pure GGN 136 (63.8%)
Metachronous | 24 / 77 (31.2%) | Part-solid GGN 77 (36.2%)

(solid portion
<5 mm)
Cancer history 77 (36.2%) Diameter of 8.23 = 2.88
SSNs (mm)
Lung cancer 16 (7.5%) Size of solid 242 £ 1.15
history” portion

(in part-solid

GGN) (mm)
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Note - Data are median (range) or mean * standard deviation

(range) or numbers (percentage).

“All 16 patients had history of surgically resection of lung cancer or
their = preinvasive lesion (Invasive  adenocarcinoma in 14,

adenocarcinoma—-in-situ in 2).

SSN, Subsolid nodule; GGN, Ground-glass nodule RUL, Right upper
lobe; RML, Right middle lobe; RLL, Right lower lobe, LUL, Left
upper lobe; LLL, Left lower lobe.
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Table 2. Univariate and multivariate analyses on the

growth of persistent pure GGNs

Univariate analysis  Multivariate analysis
No. of P-value HR 95%  P-value

Variables

patients CI
(n=136)
Sex Male 45 0.674
Female 91
Age >52 95 0.399
<52 41
Cancer Yes 50 0.051
history No 86
Lung Yes 11 0.232
cancer No 125
history
Time of Synchr 37 0.695

occurrence onous
(n=50) Metach 13

ronous
Smoking Never— 94 0.219

history smoker

(n=131) I;:rffliers 37
Multiplicity ~ Single 68 0.781

Multiple 68

Nodule >10 21 <0.001 6620 2582, <0.001
diameter 16.969

(mm) <10 115

GGN, Ground-glass nodule; No, Number; HR, Hazard ratio; CI,

Confidence interval
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Table 3. Annual cumulative number and percentages of
growing nodules according to nodule diameter for pure

GGNs and part-solid GGNs with solid portions < 5 mm

Type Nodule Cumulative number of growing nodules P-value

of size . .
SSNs (mm) (cumulative percentages of growing
nodules)
1 year 2 year 3 year 4 year b5 year
Pure <10 2 5 9 10 10 <0.001
GGN

(n=115) (1.9%) (4.0%) (109 (135 (135
(n=136) %) %) %)
>10 2 4 5 5 7

(n=21) (129 (304 (420 (420 (710
%) %) %) %) %)

Part-so | <8 3 7 7 7 7 | 0003
lid
GON | =) A15 @15 @15 (15 (15
with % % %) %) %)
olid | =8 4 10 11 16 16

portion B

(n=36) (115 (38.0 (43.6 (789 (789
<5mm %) %) %) %) %)
(n=77)

SSN, Subsolid nodule; GGN, Ground-glass nodule
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Table 4. Univariate and multivariate analyses on the

growth of persistent part-solid GGNs with solid portions

< 5 mm
Univariate Multivariate analysis
Variables analysis
No. of P-value HR 95% CI P-value
patients
(n=77)
Sex Male 27 0.517
Female 50
Age >52 53 0.043
<52 24
Cancer Yes 27 0.602
history No 50
Lung Yes 5 <0.001 5917 1.928, 0.002
cancer 18.164
history No 79
Time of Synchro 16 0.530
occurrence nous
(n=27) Metach 11
ronous
Smoking Never- 49 0.474
history smoker
Ever-s 22
(n:71) mOker
Multiplicity ~ Single 46 0.509
Multiple 31
Nodule >8 36 0.003 2.749 1.064, 0.037
diameter 7.104
(mm) <8 41
Size of >3 29 <0.001 2394  0.862, 0.094
solid 6.6483
portion <3 48
(mm)

GGN, Ground-glass nodule; No, Number; HR, Hazard ratio; CI,

Confidence interval
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Table 5.

individuals and

Baseline

clinical

characteristics

nodules with solid component < 5 mm

of 125

initial CT features of their part-solid

Variable Interval Immediate P-value
growth group | surgery group
(n=54) (n=71)
Age (years) 60.46 + 8.08 59.48 + 9.84 0.551
Sex Female, 31, 23 (57.4%, | 53, 18 (74.6%, 0.042
42.6%) 25.4%)
Male
History of No 34 (63.0%) 53 (74.6%) 0.159
. Yes 20 (37.0%) 18 (25.4%)
malignancy
Smoking Never 40 (74.1%) 61 (85.9%) 0.096
. Ever 14 (25.9%) 10 (14.1%)
history
Location RUL, 17, 4, 13, 14, 31, 2, 20, 13, 0.389
6 (31.5%, 5 (43.7%,
(Iobe) RML, RLL, | 7.49%, 24.1%, | 2.8%, 28.2%,
25.9%, 11.1%) | 18.3%, 7.0%)
LUL, LLL
Location Central, 26, 28 (48.1%, | 24, 47 (33.8%, 0.105
51.9%) 66.2%)
Peripheral
Position Subpleural, 23, 13, 18 42, 7, 22 0.063
(42.6%, 24.1%, | (59.2%, 9.9%,
Perifissural, 33.3%) 31.0%)
Parenchymal
Multiplicity Multiple, 11, 43 (20.4%, | 19, 52 (26.8%, 0.407
79.6%) 73.2%)
Single
Diameter (mm) 1148 + 4.78 1444 + 54 0.002
Size of solid component 253 £ 091 3.19 £ 0.95 <0.001

(mm)

RUL, right upper lobe; RML, right middle lobe; RLL, right lower
lobe; LUL, left upper lobe; LLL, left lower lobe
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Table 6. Surgical and pathological results of 125 part-solid

nodules with solid component < 5 mm

Variable Interval growth Immediate P-value
group (n=54) surgery group
(n=71)
Operation Wedge 22 (40.7%) 18 (25.4%) 0.112
name resection
Segmentec 7 (13.0%) 7 (9.9%)
tomy
Lobectomy 25 (46.3%) 46 (64.8%)
Pathological 11.8 + 3.7 11.8 + 5.1 0.930
size (mm)
Lymph No 45 (83.3%) 64 (90.1%) 0.259
Not 9 (16.7%) 7 (9.9%)
nodes
. evaluate
metastasis
Pathologic Tis 20 (37.0%) 25 (38.5%) 0.285
Tla 32 (59.3%) 33 (50.8%)
stage T1b 0 (0%) 4 (6.2%)
(n=119) T2a 2 (3.7%) 3 (4.6%)
Pathology | Pre-invasi 20 (37.0%) 31 (43.7%) 0.232
ve lesion
MIA 9 (16.7%) 5 (7.0%)
Invasive 25 (46.3%) 35 (49.3%)
adenocarci
noma

Pre-invasive lesion including atypical adenomatous hyperplasia and

adenocarcinoma in-situ

MIA: minimally invasive adenocarcinoma
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Table 7. Profile of five cases which were equivocal in
aspect of recurrence among 125 part-solid nodules with

solid component < 5 mm

Sizes of part-solid .
. Equivocal
nodule and solid i Comment
i L lesion
portion on initial CT

Patient had second primary
case 1 | 174 mm (3.7 mm) Lung nodule ) )
cancer (cholangiocarcinoma)

) Patient had adjuvant
case 2 28.6 mm (4.5 mm) Pleural lesion
chemotreatment

1. Patient had previous
cancer history (lung
adenocarcinoma)
case 3 75 mm (2.0 mm) Lung nodule
2. Equivocal lesion:
recurrence versus another

primary cancer

Equivocal lesion: recurrence
case 4 185 mm (4.6 mm) Lung nodule versus another primary

cancer

Equivocal lesion:

Second primary cancer
case 5| 171 mm (1.7 mm) | Lung nodule )
(Adenocarcinoma) versus

local recurrences
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Figure 1. Flowchart showing how study population was selected and

its retrospective manner. Numbers in parentheses are the numbers of

the part-solid nodules with solid component < 5 mm.

Lung parenchymal operation reports between April 2006 to
February 2015 (n=5100)

Other pathologic reports (n=2141)

Pathologic reports including “atypical adenomatous
hyperplasia”, “adenocarcinoma in-situ”, “minimally
invasive adenocarcinoma”, or “adenocarcinoma” (n=2959)

Inclusion criteria

a. appearance of part-solid nodules ranging in size from
Smm to 30mm on initial chest CT

b. solid portions < 5 mm on initial CT

c. initial chest CTs with thin-slice thicknesses < 1.25 mm

d. Available post-operative CT scans

Resection without growth on continuous follow-ups (n=19)

125 part-solid nodules with solid portion <5 mm in 125

patients
\

v
Interval growth group (11:54)| I Immediate surgery group (n=71) I
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Figure 2. Kaplan—Meier plot for time to nodule growth according to
nodule type in the SSNs (a), nodule diameter in pure GGN group (b)
and nodule diameter of part-solid GGN group (c). (a) Part-solid
GGNs show significantly higher cumulative percentages of growth
than pure GGNs. (b) In subgroup analysis, pure GGNs > 10 mm
show significantly higher cumulative percentages of growth than pure
GGNs < 10 mm. (c) Part-solid GGNs with solid portions < 5 mm
were best subcategorized with the cut-off diameter value of 8 mm in
terms of cumulative percentages of growing nodules, and those > &
mm show significantly more frequent growth over follow-ups than

those < 8mm.
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Figure 3. Plots for time to overall survival after surgical resection of

persistent part-solid nodule with solid component < 5 mm. No

significant difference is noted in the respect overall survival (p=0185)

between interval growth group and immediate surgery group.
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