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OBSERVATIONAL STUDY

Long-Term Follow-Up Results From PET/CT Surveillance
After Surgical Resection of Lung Adenocarcinoma
Manifesting as Ground-Glass Opacity

Kyung Bum Nam, MD, Tae Jung Kim, MD, PhD, Jeong-Soo Park, PhD, Myung Jin Chung, MD, PhD, and
Kyung Won Lee, MD, PhD

Abstract: The purpose of our study was to retrospectively evaluate the
value of '8F-fluorodeoxyglucose positron emission tomography/com-
puted tomography (FDG-PET/CT) for postoperative surveillance of
lung adenocarcinoma manifesting as ground-glass opacity (GGO).

From May 2003 to December 2007, 111 patients with surgically
resected lung adenocarcinoma manifesting as GGO were included.
Clinical findings of recurrence and survival, CT features, and maximum
standardized uptake value (SUVmax) were reviewed and compared
among 3 groups according to GGO proportion: Group I, GGO 100%);
Group II, GGO >50%; Group III, GGO < 50%. Disease-free survival
(DFS) was estimated using the Kaplan—Meier method. Diagnostic
performances of CT and PET/CT for recurrence were compared during
a long-term follow-up period of >5 years.

Recurrence was identified in Group III (18 of 53, 34%) but not in
Groups I (n=25) or II (n=33) over a mean follow-up period of 74
months. Group showed significant differences in GGO proportion,
SUVmax, and DFS duration (P < 0.001). PET/CT led to 6 false-positive
and 5 false-negative interpretations of recurrence. For surveillas
sensitivity, specificity, accuracy, positive predictive value, and
predictive value were 94.4%, 98.6%, 98.2%, 94.4%, and
respectively; for PET/CT, sensitivity, specificity,
predictive value, and negative predictive value
88.5%, 68.4%, and 93.5%, respectively. CT sho,
accuracy than PET/CT (P =0.0188).

FDG-PET/CT showed no clear adv;
veillance of lung cancer with pre
incidence of recurrence and freque
results.
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FS = disease-free
d-glass opacity,

Abbreviations: CT = computed tomograp!
survival, FDG = fluorodeoxygluco;
NSCLC = nonsmall cell lung ¢

8 Curative surgical resection
option for nonsmall cell lung cancer
rrence rates after curative surgical

ment. Several guidelines cover for follow-up and
of lung cancer resected with curative intent.®
e guidelines do not include '*F-fluorodeoxyglucose
emission tomography/computed tomography (FDG-
CT) in surveillance imaging protocols, it is currently part
of“clinical follow-up in many institutions based on studies
demonstrating the value of PET/CT in surveillance for patients
with NSCLC.>%°~13 However, these studies did not consider
the radiological and pathological characteristics of primary
tumors such as internal density or histologic subtypes.

Recent studies demonstrated that imaging features of lung
cancer are closely related to genomic characteristics and prog-
nosis.'*'® In particular, lung cancer manifesting as predomi-
nantly ground-glass opacity (GGO) represent adenocarcinoma
with lepidic subtype. PET/CT frequently shows negative
results for these lesions and is unlikely to detect lymph nodes
or distant metastasis because of their low prevalence.'”'® Thus,
the value of PET/CT for surveillance of resected GGO-domi-
nant lung cancer might be different from the value for solid lung
cancers. PET/CT should therefore be evaluated in detail for
diagnostic performance and potential limitations for this type of
cancer. To our knowledge, no study has specifically evaluated
the diagnostic utility of PET/CT surveillance for lung adeno-
carcinoma manifesting as GGO after curative surgery. The
purpose of our study was to determine the value of '*F-PET/CT
for postoperative surveillance of lung cancer manifesting
as GGO.

METHODS

Study Population

Our Institutional Review Board approved this retrospective
study and informed consent was waived. Given that lung cancer
manifesting as GGO may progress very slowly, the study
population was confined to patients followed for >5 years after
surgical resection at the time of medical record review. From
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May 2003 to December 2007, 574 consecutive patients under-
went curative surgery for primary NSCLC at our institution.
One author (K.B.N.) reviewed the electronic medical records to
obtain clinical and pathological information. Of 574 patients,
315 had pathologically confirmed lung adenocarcinoma. In
these patients, preoperative CT scans were screened by 1
thoracic radiologist (T.J.K. with 15 years of experience in chest
CT interpretation) and categorized into 2 groups: solid lung
cancer and lung cancer with GGO, according to internal density
of the primary tumor on CT.'" Lung cancer with GGO was
defined as a primary tumor containing GGO. After exclusion of
193 patients with solid lung cancer, 6 patients without post-
operative PET/CT, and 5 patients lost to follow-up, the final
study population was 111 patients with lung adenocarcinoma
with GGO. The same radiologist mentioned above measured
tumor size and GGO proportion from preoperative CTs. GGO
proportion was calculated as (1 —maximum diameter of the
solid component/total maximum diameter) x 100. The study
population was classified into 3 groups according to GGO
proportion: Group I, pure GGO (GGO 100%); Group II,
GGO >50%; and Group III, GGO < 50%. The final pathologi-
cal stages were assessed according to the seventh edition of the
Union for International Cancer Control and American Joint
Committee on Cancer TNM classification.*

Image Acquisition: CT and PET/CT

CT scans were performed using 1 of 3 CT scanners (iCT,
Brilliance 64, or Mx-8000 IDT; Philips Medical Systems, Best,
the Netherlands) with following parameters: 120 kVp, 100 to
150 mAs, pitch 0.75 to 1.75, and collimation 0.625 to 1.5 mm.
Images were reconstructed using a lung reconstruction,
ithm as I mm (thin section) or 3 mm (thick section). Po
trast CT scans using the same parameters were performed
the lower cervical area to the lower limit of t} d
intravenous injection of 80 to 100 mL iopromij
Schering, Berlin, Germany).

PET/CT used a dedicated PET/C
lips Medical Systems, Cleveland, O
least 6h before the PET scan
se < 140mg/kg. "|F-FDG (5.1

with PET images w
(120kV, 35mA, pitch
FDG accumulatig i

The standard surveillance regimen in our institution
includes history, physical examination, and a baseline CT scan
3 months after resection with follow-up CT every 6 months for
the first 2 years and annually thereafter for 5 years, which
conforms to recent guidelines. Use of contrast media in sur-
veillance CT was decided by surgeon’s preference. Postopera-
tive CT scans were interpreted for evidence of recurrence by 2
thoracic radiologists (T.J.K. and K.W.L., with 15 and 20 years’
experience in chest image interpretation, respectively) that were
blinded to clinical information and PET/CT findings. Recur-
rence decisions were made by consensus based on findings such
as new pulmonary nodules, lymphadenopathy, pleural effusion,
and extrathoracic mass. Lymph node assessment was based on
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the size criterion with short axis diameter > 10 mm defined as
abnormal. Necrosis within lymph nodes was defined as a sign of
malignancy, regardless of size.

Surveillance PET/CT was typically performed when recur-
rence was suspected, either by new symptoms or abnormal
findings on conventional imaging studies. If recurrence was not
suspected in routine surveillance, PET/CT was performed as
surveillance ~12 months after resection, then annually for 3 to 5
years by surgeon’s direction. Postoperative PET/CT scans were
interpreted by a nuclear medicine physician in our hospital for
evidence of recurrence. PET/CT was interpreted as positive for
recurrence if new hypermetabolic areas were detected com-
pared to prior PET/CT exams with suffi€@gnt activity to suggest
for a suspicious

quantitatively. No focal uptake
soft tissue was defined as neg

ng studies with a follow-
presence of metachronous
the Martini—Melamed

confirmed by biopsy o
up period of at lgast 1

s, CT features including lesion size and
SUVmax were compared using 1-way

e were calculated on a per-patient basis and
sing McNemar’s test. Disease-free survival (DFS)
after curative-intent surgery was analyzed and compared using
aplan—Meier method and log-rank test. Multivariate
logistic regression analysis was performed to identify indepen-
dent factors predicting recurrence. Forward stepwise selection
logistic analysis was used with iterative variable entry based on
test score P value < 0.05, removing variables with a probability
likelihood of 0.10. P values <0.05 were considered to indicate
statistical significance. All statistical analyses were performed
using the MedCalc, ver. 14 commercial software package
(MedCalc Software, Mariakerke, Belgium).

RESULTS

Demographics and Preoperative Imaging
Features

Preoperative characteristics and surveillance results for
111 patients are summarized in Table 1. Among the patients,
56 were men (mean age, 60 + 10 years; range, 27—81 years) and
55 were women (mean age, 60 + 10 years; range, 28—82 years).
Standard lobectomy was performed in 81 patients, segmentect-
omy in 9, and wedge resection in 21. The final pathological
stages included stage IA in 80 patients (72.1%), stage IB in 23
(20.7%), stage 11A in 3 (2.7%), stage 1IB in 1 (0.9%), and stage
IITA in 4 (3.6%). Preoperative CT scans were performed on all
patients with preoperative PET/CT on 102. All preoperative CT
and PET/CT scans were performed within 30 days before
surgery (range, 1-25 days, median 13 for CT; range, 1-24
days, median 12 for PET/CT). No differences were seen in sex
and age among groups. Tumor size, GGO proportion, and
SUVmax were significantly larger in Group III (GGO < 50%)
50%) than in Groups [ or IT (P < 0.001, respectively). All Group
[ patients had stage IA disease. Incidences of stage IA disease
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TABLE 1. Demographics, Preoperative Ground-Glass Opacity Proportion and SUVmax, and Surveillance Results for 111 Patients
With Resected Lung Adenocarcinoma

Group I Group II Group III P
(GGO 100%) (GGO > 50%) (GGO <50%) Value

Number (%) 25 (22) 33 (30) 53 (48)
Sex

Men 12 15 28

Women 13 18 25
Age 61 +8.6 (44-78) 59+9.5 (41-74) 614+9.9 (35-79) *0.534
Tumor size (cm) 1.540.6 (0.6-2.9) 2.0+0.6 (1.0-4.0) 2.64+0.9 (0.8-5.2) *<0.001
GGO proportion 100 66.2 +9.8 (52-85) 29.6+£11.9 (6— *<0.001
SUVmax 0.6+0.7 (0-2.4) 1.2+ 1.3 (0-6.6) *<0.001
Pathologic stage

IA 25 29 1<0.001

1B 0 3

JIV:N 0 1

11B 0 0

1IIA 0 0
DFS (months) 78.1 £10.0 (60—96) 76.1 £12.1 (61-109) *<0.001
OS (months) 78.1 +10.0 (60—96) 76.1+12.1 (61-109) *0.094
Recurrence 0 0 1<0.001

Data are numbers, with range in parentheses.
E)FS = disease free survival; OS, overall survival, GGO = ground-glass opacit

P values based on 1-way analysis of variance with Student—Newman
T P values based on comparisons between Groups I and 111 and Groups IT

significant considering multiple comparison setting.

were significantly higher in Groups I and II than G
(P <0.001, respectively).

Postoperative Surveillance and Sur

was performed with noncontrast
(n=545) CT scans. Mean num|
was 7.7+2.7 times (range, 4
up PET/CT was 4.6+1.4 4
interval between surgery
was 9.7 £+ 2.3 months

Recurrence was
Group I with

postcontrast
R CT scans

respectively). longer in Groups I and
I than Grg < 0.001, respectively), but
overall surV cantly different among groups
(P=0.094). ence was diagnosed by histological exam-

ination in 8 pati&@g and by serial imaging follow-up in 10.
Recurrences were f8@pd in 4 patients with stage IA disease, 8
with stage IB, 2 with stage IIA, and 4 with stage IIIA. Locor-
egional recurrences were found in 9 lesions in 9 patients,
including regional lymph nodes in 4, ipsilateral lung in 4,
and staple line in 1. Distant recurrences were found for 15
lesions in 9 patients, including pleural disease in 4, contralateral
lung in 4, spine in 2, and liver, kidney, adrenal gland, spleen and
brain in 1, respectively. Recurrence sites, detection methods and
treatment for recurrent diseases are in Table 2.

CT and PET/CT scans were available within 1 month of
recurrence diagnosis for all patients. In 13 patients, recurrence
was diagnosed by both CT and PET/CT scans. In 1 patient with
neurological symptoms, brain metastasis was not detected by
PET/CT and was diagnosed with brain MRI. One false-positive

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

to reactive lymph node enlargement and 1 false-
gegative result due to brain metastasis occurred for surveillance
? Six false-positive results and 5 false-negative results
occurred for surveillance PET/CT. Reasons for PET/CT
false-positive results were lung inflammation in 3 patients,
reactive lymph node in 2 (Figure 1), and degenerative arthritis
in 1. In these patients, the primary tumor had a mean SUVmax
in preoperative PET/CT of 1.1 (range, 0—1.8), whereas mean
SUVmax for false-positive results in surveillance PET/CT was
4.0 (range, 2.2—4.6). All 5 false-negative results were in Group
II1. Reasons for false-negative results in PET/CT were pulmon-
ary (n=3) and pleural seeding (n=1) nodules measuring
<5mm in diameter (Figure 2) and brain metastasis (n=1).
Detailed information on false-positive and false-negative
results for PET/CT is in Table 3. For surveillance CT, sensi-
tivity was 94.4%, specificity was 98.9%, accuracy was 98.2%,
positive predictive value was 94.4%, and negative predictive
value was 98.9%; for PET/CT, sensitivity was 72.2%,
specificity was 93.5%, accuracy was 90.1%, positive predictive
value was 68.4%, and negative predictive value was 94.6%.
CT showed significantly higher accuracy than PET/CT
(P=0.0188).

Predictors of recurrence were identified in multivariate
logistic regression analysis using the variables of pathological
stage (I vs II-11I), GGO proportion, and preoperative SUVmax.
GGO proportion was the only independent predictor of recur-
rence (odds ratio, 0.913; 95% confidence interval, 0.861-0.967;
P =0.002). Pathological stage (odds ratio, 9.680; 95% confi-
dence interval, 0.918—102.1; P=0.059) and SUVmax (odds
ratio, 1.006; 95% confidence interval, 0.669—1.513; P =0.977)
were not significant predictors.

During the follow-up period, 2 patients with metachronous
lung adenocarcinomas in Group II were diagnosed by both CT
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Nam et al Medicine * Volume 95, Number 4, January 2016

FIGURE 1. False-positive finding in PET/CT in a 57-year-old male
lobectomy. (A) CT image shows a ground-glass opacity (GGO) lesion
83%, Group Il). (B) PET/CT image shows a GGO lesion with faint flu
Surveillance CT scan performed 12 months after lobectomy shows
diameter (arrow). (D) Surveillance PET/CT scan performed at the sa
(arrow) with an SUVmax of 4.8. Endobronchial ultrasoun

involvement. The patients are followed postoperatively
GGO = ground-glass opacity, PET/CT = positron emission
uptake value.

and PET/CT scans, at 6 and 71 mon

ce of lung cancer man-
reasons for the lack of

e-negative results than surveil-
lance CT. In our S@hwrt of patients with surgically resected lung
adenocarcinoma fo ed <5 years postoperatively, no recur-
rence was found for IUng cancer with GGO >50%; recurrence
was diagnosed in patients with lung cancer with GGO < 50%
(18 out of 53, 34.0%). Compared with surveillance CT, which
detected all instances of recurrent diseases except for a single
brain metastasis, PET/CT resulted in 6 false-positive and 5
false-negative results.

The incidence of recurrence in our study population, which
was enriched for patients with lung adenocarcinoma with a
GGO dominant lesion was 16.2% (18 of 111), which was lower
than rates (24—30%) in the studies on resected stage I NSCLC
2223 byt comparable to rates (11—15%) in studies on resected
stage IA NSCLC.*"%° In addition to a lower incidence of
recurrence, all recurrences in our study occurred in patients

4 | www.md-journal.com

without evidence of recurrence. FDG =fluorodeoxy glucose,
mputed tomography, SUVmax=maximum standardized

with GGO < 50% (Group III). Our results are consistent with
previous studies that reported the GGO proportion in lung
adenocarcinoma correlates well with recurrence, nodal metas-
tasis, and overall survival.>’~>' Pretest probability is important
in determining appropriate use of imaging modality for diag-
nostic workup. Therefore, the value of surveillance PET/CT
might be limited in GGO dominant lung cancer because of the
low incidence of recurrence after curative surgical resection.

Several studies reported that PET/CT is useful for lung
cancer surveillance after surgery and has better sensitivity and
specificity than conventional imaging modalities.>~'* In con-
trast to these results, in our cohort of patients with surgically
resected adenocarcinoma manifesting as GGO, PET/CT
resulted in more frequent false-positive and false-negative
results than CT. False-negative results in our study might be
explained by following reasons. First, PET/CT examinations
have limited detection of small pulmonary or pleural nodules
because of spatial resolution.>? Second, FDG uptake values of
GGO dominant lung cancer are not high, making accurately
detecting less FDG-avid recurrent disease difficult. In addition
to false-negative findings, PET/CT examinations are sensitive
to nonspecific inflammation which frequently results in false-
positive findings, especially in a tuberculosis-endemic area.>*-*
False-positive PET/CT results in our study were mainly due to
nonspecific inflammation in the lungs or benign mediastinal
lymph nodes, resulting in lower specificity for PET/CT than
for CT.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Recurrence Characteristics in 18 Patients TABLE 3. Reasons for False-Positive and False-Negative
Results of PET/CT Scans

Characteristic Number

False-Positive Results False-Negative Results

Recurrence location

Locoregional 9 Causes Lung inflammation (n=23) Pulmonary nodules (n=3)
Reglonal lymph nodes 4 Reactive lymph node (n=2)Pleural seeding (n=1)
Ipsilateral lung 4 Degenerative arthritis (n = 1)Brain metastasis (n = 1)
Staple line 1 Group 1 2 0
Distant 15 GI'Ollp i 3 0
Pleural disease 4 Group 11T 1 5
Contralateral lung 4
Liver 1 PET/CT = positron emission tomograph puted tomography.
Kidney 1
Adrenal gland 1
Spleen 1
Spine 2 Preoperative SUVmax is r predictor of
Brain 1 recurrence in resected 1 Q wever, SUVmax was
Detection method not useful in predictj GO-dominant lung
Surveillance CT 17 cancers, which freq gative or less-avid FDG
PET/CT 13 uptake. Recurrept di e non-FDG-avid primary
Brain MRI ) 1 tumors also sh ngs. In contrast to SUV-
M%}?Odi by dé?gm’s‘? X max, in o SEEPEPTtion, an imaging biomarker
istologic diagnosis derived i CT, was an independent predictor
Serial imaging follow-up 10 . .
Treatment of recarrence of re minant lung cancer. We believe
CT is an important surveillance method,
Surgery ; t luation of GGO dominant
Chemotherapy 9 erative evaluation o ominan
Radiation therapy 2 . .
Chemo + RT 1 dy result.s sgggested thgt per.sonahzed surveillance
Others 3 sed on individual patient risk factors and tumor

Chemo = chemotherapy, MRI=magnetic resonance i udies reported the value of PET/CT for diagnosis
PET/CT = positron emission tomography/computed  tomo ostoperative recurrence in lung cancer,>*~'* and many
RT =radiation therapy. im$titutions now use PET/CT in routine surveillance protocols.

<

FIGURE 2. False-negative finding in PET/CT in a 65-year-old female patient with lung adenocarcinoma who underwent right upper lobectomy.
(A) CT image shows a mixed GGO lesion (arrow) with fissural retraction in the right upper lobe (GGO proportion: 38%, Group Ill). (B) PET/CT
image shows a GGO lesion with faint FDG uptake (arrow) with an SUVmax of 1.7. (C) Surveillance CT scan performed 9 months after lobectomy
shows a pleural based nodule suggesting pleural seeding (arrow). (D) Surveillance PET/CT scan performed at the same day with surveillance
CT shows no FDG uptake within the nodule. Pleural seeding was confirmed by the disease progression on follow-up imaging
studies. FDG=fluorodeoxy glucose, GGO =ground-glass opacity, PET/CT = positron emission tomography/computed tomography,
SUVmax = maximum standardized uptake value.
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However, these studies and current surveillance guidelines do 6. Gorenberg M, Bar-Shalom R, Israel O. Patterns of FDG uptake in
not consider the radiogenomic characteristics of lung cancer. post-thoracotomy surgical scars in patients with lung cancer. Br J
Primary tumor imaging characteristics such as internal density Radiol. 2008;81:821-825.

are closely related to biological and clinical behavior and 7. Kelsey CR, Marks LB, Hollis D, et al. Local recurrence after
patient prognosis. Typically, GGO dominant lung cancer surgery for early stage lung cancer. Cancer. 2009;115:5218-5227.
represents l.e.pldlc-predomlnant adepocarcmoma, Wthh has a 8. National Comprehensive Cancer Network. Practice Guidelines for
low probability of lymph node or distant metastasis and excel- Non-Small Cell Lung Cancer. Rockledge: National Comprehensive
lent prognosis after curative surgery. Therefore, the utility of Cancer Network; 2015.

PET/CT for Suwelllap(}e ofGGQ-domlnant lung cancpr may be 9. Choi SH, Kim YT, Kim SK, et al. Positron emission tomography-
different from th? utility for sqhd lupg cancer. Radl.og.enomlc computed tomography for postoperative surveillance in non-small
featu.res of the primary tumor, H_l(:lud_mg G_GO or solid internal cell lung cancer. Ann Thorac Surg. 2011;92:1826-1832.

denSIty’ could be a pronusing imaging biomarker for future, 10. Dane B, Grechushkin V, Plank A, et al. PET/CT vs. non-contrast CT

tailored surveillance pmtoco,ls'. . . . alone for surveillance 1-year post lobecto: r stage I non-small-
Our study has several limitations. First, the retrospective cell lung cancer. Am J Nucl Med Mol Imagi 13:3:408-416.

design unavoidably introduces the issue of inherent bias. To our
knowledge, no prospective randomized control study has eval-
uated the clinical utility of PET/CT for surveillance of lung
cancer after surgical resection. A regimen tailored to the
characteristics of the primary tumor should be considered

11. Hellwig D, Gréschel A, Graetel
and prognostic impact of FDG-PE
surgically treated non-sma er. Eur J Nucl Med Mol

and evaluated in future prospective studies. Second, the number 12 et al Assessment of
. . . after therapy using CT and
of recurrences in our study population might not be large
. . . Pol. 2013;81:214-220.
enough to evaluate the diagnostic accuracy of surveillance
13. et al. 18F-fluorodeoxyglucose

imaging modalities including CT and PET/CT. Further large-
scale studies are warranted. Third, the recurrence sites in our
study were mainly intrathoracic, and so the recurrences might
have been adequately detected with chest CT. Fourth, we used
low-dose CT protocol with thick-section reconstruction for
coregistration with PET images. The diagnostic quality CT
with full-dose and thin-section reconstruction might reduce

the false-negative PET findings for small pulmonary or . m YT, Kang CH, et al. Epidermal growth factor receptor
pleural nodules. iofWin lung adenocarcinomas: relationship with CT character-

nd histologic subtypes. Radiology. 2013;268:254-264.

hoi CM, Kim MY, Lee JC, et al. Advanced lung adenocarcinoma
arboring a mutation of the epidermal growth factor receptor: CT
findings after tyrosine kinase inhibitor therapy. Radiology.
2014;270:574-582.

17. Kim TJ, Park CM, Goo JM, et al. Is there a role for FDG PET in
the management of lung cancer manifesting predominantly as
ground-glass opacity? Am J Roentgenol. 2012;198:83-88.

phy/computed tomography is useful in

CONCLUSION

In conclusion, FDG-PET/CT showed no g

for postoperative surveillance of lung cang
nant GGO because of the low incidenc

18. Lee SM, Park CM, Paeng JC, et al. Accuracy and predictive features
of FDG-PET/CT and CT for diagnosis of lymph node metastasis of
T1 non-small-cell lung cancer manifesting as a subsolid nodule. Eur
Radiol. 2012;22:1556-1563.

19. Hansell DM, Bankier AA, MacMahon H, et al. Fleischner society:

The authors wis
L glossary of terms for thoracic imaging. Radiology. 2008;246:697-722.

Research Collab
Bundang Hospj 20. Goldstraw P. IASLC staging manual in thoracic oncology. Interna-
tional Association for the Study of Lung Cancer. Orange Park, FL:

Editorial Rx Press; 2009.
Siegel RL, et al. Global cancer statistics, 2012. 21. Martini N, Melamed M. Multiple primary lung cancers. J Thorac

REFERENC
1. Torre LA, Bra

CA Cancer J Clin! 5:65:87-108. Cardiovasc Surg. 1975;70:606—-612.

2. Benamore R, Shepherd FA, Leighl N, et al. Does intensive follow- 22. Nair VS, Barnett PG, Ananth L, et al. PET scan 18F-fluorodeox-
up alter outcome in patients with advanced lung cancer? J Thorac yglucose uptake and prognosis in patients with resected clinical stage
Oncol. 2007;2:273-281. TA non-small cell lung cancer. Chest. 2010;137:1150-1156.

3. Cho S, Lee EB. A follow-up of integrated positron emission 23. Um SW, Kim H, Koh W], et al. Prognostic value of 18F-FDG uptake
tomography/computed tomography after curative resection of non- on positron emission tomography in patients with pathologic stage I
small-cell lung cancer in asymptomatic patients. J Thorac Cardio- non-small cell lung cancer. J Thorac Oncol. 2009;4:1331-1336.
vasc Surg. 2010;139:1447-1451. 24. Ko KH, Hsu HH, Huang TW, et al. Predictive value of 18F-FDG

4. Colt HG, Murgu SD, Korst RJ, et al. Follow-up and surveillance of PET and CT morphologic features for recurrence in pathological
the patient with lung cancer after curative-intent therapy. Chest. stage IA non-small cell lung cancer. Medicine. 2015;94:¢434.
2013;143:¢437S-S54. 25. Shimada Y, Saji H, Yoshida K, et al. Pathological vascular invasion

5. Ginsberg RJ, Rubinstein LV, Group LCS. Randomized trial of and tumor differentiation predict cancer recurrence in stage IA non-
lobectomy versus limited resection for T1 NO non-small cell lung small-cell lung cancer after complete surgical resection. J Thorac
cancer. Ann Thorac Surg. 1995;60:615-623. Oncol. 2012;7:1263-1270.

6 | www.md-journal.com Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Medicine ¢ Volume 95, Number 4, January 2016

PET/CT Surveillance in Lung Adenocarcinomas

26. Tsuchiya T, Akamine S, Muraoka M, et al. Stage IA non-small cell

lung cancer: vessel invasion is a poor prognostic factor and a new
target of adjuvant chemotherapy. Lung Cancer. 2007;56:341-348.

27. Nishio R, Akata S, Saito K, et al. The ratio of the maximum high

attenuation area dimension to the maximum tumor dimension may
be an index of the presence of lymph node metastasis in lung
adenocarcinomas 3 cm or smaller on hgh-resolution computed
tomography. J Thorac Oncol. 2007;2:29-33.

28. Nakata M, Sawada S, Yamashita M, et al. Objective radiologic
analysis of ground-glass opacity aimed at curative limited resection
for small peripheral non-small cell lung cancer. J Thorac Cardiovasc

Surg. 2005;129:1226-1231.

29. Aoki T, Tomoda Y, Watanabe H, et al. Peripheral lung adenocarci-

noma: correlation of thin-section CT findings with histologic
prognostic factors and survival. Radiology. 2001;220:803-809.

30. Okada M, Nishio W, Sakamoto T, et al. Correlation between

computed tomographic findings, bronchioloalveolar carcinoma

A
&

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

34.

component, and biologic behavior of small-sized lung adenocarcino-
mas. J Thorac Cardiovasc Surg. 2004;127:857-861.

. Matsuguma H, Yokoi K, Anraku M, et al. Proportion of ground-

glass opacity on high-resolution computed tomography in clinical T1
NO MO adenocarcinoma of the lung: a predictor of lymph node
metastasis. J Thorac Cardiovasc Surg. 2002;124:278-284.

. Truong MT, Viswanathan C, Carter BW, et al. PET/CT in the

thorax: pitfalls. Radiol Clin North Am. 2014;52:17-25.

. Liao C-Y, Chen J-H, Liang J-A, et al. Meta-analysis study of lymph

node staging by 18 F-FDG PET/CT scan in non-small cell lung
cancer: comparison of TB and non-TB endemic regions. Eur J
Radiol. 2012;81:3518-3523.

Lee JW, Kim BS, Lee DS, et al. 18F-
lymph node staging of non-small-cell lung c!
endemic country: consideration
distribution pattern to improve spi
Imaging. 2009;36:1794-18

PET/CT in mediastinal
in a tuberculosis-
ification and

www.md-journal.com | 7



	Long-Term Follow-Up Results From PET/CT Surveillance After Surgical Resection of Lung Adenocarcinoma Manifesting as Ground-Glass™Opacity
	INTRODUCTION
	METHODS
	Study Population
	Image Acquisition: CT and PET/CT
	Postoperative Surveillance
	Statistical Analysis

	RESULTS
	Demographics and Preoperative Imaging Features
	Postoperative Surveillance and Survival

	DISCUSSION
	CONCLUSION
	Acknowledgments




