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OBJECTIVE. The objective of our study was to investigate the utility of FDG PET/CT
for the preoperative staging of subsolid non—small cell lung cancers (NSCLCs) with a solid
portion size of 3 cm or smaller.

MATERIALS AND METHODS. We retrospectively enrolled 855 patients with patho-
logically proven NSCLCs manifesting as subsolid nodules with a solid portion of 3 cm or
smaller on CT. We then compared the diagnostic performances of FDG PET/CT and chest CT
for detecting lymph node (LN), intrathoracic, or distant metastases in patients who underwent
preoperative chest CT and FDG PET/CT. After propensity score matching, we compared the
diagnostic performance of FDG PET/CT in the group who underwent both chest CT and FDG
PET/CT with that of chest CT in patients who did not undergo FDG PET/CT.

RESULTS. There were LN metastases in 25 of 765 patients (3.3%) who underwent surgical
LN dissection or biopsy and intrathoracic or distant metastasis in two of 855 patients (0.2%). For
LN staging, FDG PET/CT showed a sensitivity of 44.0%, specificity of 81.5%, positive predic-
tive value of 9.6%, negative predictive value of 97.0%, and accuracy of 79.9%, which were lower
than those of chest CT for accuracy (p < 0.0001). FDG PET/CT could not accurately detect any
intrathoracic or distant metastasis. After propensity score matching, the diagnostic accuracy for
LN staging of FDG PET/CT in the group who underwent both CT and FDG PET/CT was lower
than that of chest CT in the group who did not undergo FDG PET/CT (p = 0.002), and the diag-

nostic accuracy for intrathoracic and distant metastases was not different (p > 0.999).
CONCLUSION. FDG PET/CT has limited utility in preoperatively detecting LN or dis-
tant metastasis in patients with subsolid NSCLCs with a solid portion size of 3 cm or smaller.

DG PET/CT is recommended for

the initial staging workup of me-

diastinal lymph node (LN) and

distant metastases in patients
with non—small cell lung cancer (NSCLC)
[1, 2]. It is recommended because evidence
suggests that FDG PET/CT enables more ac-
curate LN staging and detects unexpected
distant metastases, which in turn reduce the
futile surgery rate during the preoperative
staging of NSCLC [3-6].

Pathologic analysis shows that most per-
sistent subsolid nodules (SSNs) are pulmo-
nary adenocarcinomas or their preinvasive
lesions [7, 8]; on CT, the inner solid parts
of SSNs correlate well with invasive adeno-
carcinoma components [9]. In fact, the size
of the solid portion in subsolid NSCLCs is
a powerful prognostic factor, which offers
more prognostic value than does the size of
the entire tumor [10, 11]. Accordingly, the
lung cancer staging system described in the

recent 8th edition of the TNM classification
suggests that the clinical T category of sub-
solid lung cancers should be based on the
size of the solid portion, instead of the size
of the entire tumor, and defined the clinical
T1 category of subsolid lung cancers as those
having an inner solid portion size of 3 cm or
smaller on preoperative CT [12].

Because patients with subsolid NSCLCs,
particularly those with no solid part or small
solid parts, are often in the early stage of dis-
ease, which has a low probability of LN or dis-
tant metastasis [13, 14], FDG PET/CT might
offer limited value in cancer staging in this
population. Previous studies reporting the di-
agnostic performance of preoperative PET/CT
in SSNs focused on SSNs with no or small
solid portions [13—15], which do not account
for the current clinical T1-category subsolid
NSCLCs. Moreover, no study has compared
the accuracies of FDG PET/CT and of chest
CT without FDG PET/CT for the preopera-
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tive staging of clinical T1-category subsolid
NSCLCs. Therefore, we investigated the util-
ity of FDG PET/CT for the preoperative stag-
ing of clinical T1-category subsolid NSCLCs
in the 8th edition of TNM classification sys-
tem by comparing its diagnostic performance
for detecting LN and distant metastases with
that of preoperative chest CT.

Materials and Methods
Patients and Clinical Data Collection

The Institutional Review Board of Seoul Na-
tional University Hospital approved this retrospec-
tive study and waived the requirement for patient
informed consent. From our SSN registry [16-20],
we identified 947 patients (368 men and 579 women;
median age, 62.0 years [25th—75th percentile, 55.0—
68.0 years]) who met the following inclusion criteria:
first, patients with pathologically proven NSCLC or
preinvasive lesions identified between March 2003
and July 2015; and, second, primary tumors appear-
ing as SSNs with a solid portion diameter of 3 cm
or smaller on thin-section CT (slice thickness < 1.5
mm) (Fig. 1). We excluded 88 patients: patients with
other dominant solid lung cancers (synchronously or
metachronously) and patients with resected subsolid
NSCLCs that were not the dominant lesions among
multiple lung cancers. Additionally, we excluded
four patients who underwent surgery for recurrent
lesions. Finally, we included 855 patients (335 men
and 520 women; median age, 61.0 years [25th—75th
percentile, 54.3—68.0 years]). The clinical records of
these patients were reviewed, and clinical character-
istics, including sex and age, were recorded.

CT Image Analysis

One thoracic radiologist reviewed all the pre-
operative CT images. Lesion characteristics were
classified into two categories according to the pres-
ence of an inner solid portion: pure ground-glass
nodule (GGN) or part-solid nodule (PSN). The lon-
gitudinal diameters of the entire tumor and inner
solid portion were measured on axial CT images in
the lung window setting (window width, 1500 HU;
level, =700 HU) [19]. Previous studies based on
data from our SSN registry reported almost perfect
interreader agreement (weighted k = 0.861) for clas-
sifications of nodule type [18] and substantial to ex-
cellent intra- and interreader agreement (intraclass
correlation coefficient, 0.7-0.98) for size measure-
ments of the solid portion [19, 20]. Therefore, in this
study, we did not investigate intra- and interread-
er agreement for nodule-type classification or size
measurement. According to the solid portion size
on CT, SSNs were classified into four categories: no
solid portion, solid portion of 1 cm or smaller, sol-
id portion ranging from greater than 1 to 2 cm, and
solid portion ranging from greater than 2 to 3 cm.

AJR:214, March 2020

LN assessment was based on size, with a
short-axis diameter of 10 mm or greater defined
as abnormal [21]. Necrosis within LNs was con-
sidered a sign of malignancy regardless of size.
If mediastinal or hilar LNs contained nodular
or laminated calcification, they were considered

benign irrespective of size [22]. The presence of
intrathoracic metastasis (M1a) was assessed for
contralateral lung metastasis or pleural seeding
metastasis. The presence of distant metastasis
was assessed in the scanned upper abdomen and
bony thorax.

Inclusion criteria (n = 947)

- Pathologically confirmed lung

2003 and July 2015
» Subsolid nodule (PSN or pure

chest CT

adenocarcinoma between March

GGN) with solid portion size =3
cm on preoperative thin-section

Exclusion criteria

- 88 Patients who underwent
surgery for nondominant lesions
among multiple invasive or

preinvasive adenocarcinomas

y

+ 4 Patients who underwent surgery
because of lesion recurrence

| 855 Patients included

| 160 Patients with pure GGN |

|
v v

v

| 695 Patients with PSN

|
v v

72 Patients 88 Patients did not

underwent PET/CT undergo PET/CT

557 Patients 138 Patients did not

underwent PET/CT undergo PET/CT

Fig. 1—Flowchart illustrates selection of study population. PSN = part-solid nodule, GGN = ground-glass nodule.

Fig. 2—Representative case of false-negative FDG
PET/CT findings for lymph node (LN) metastasis in
60-year-old woman with non—small cell lung cancer.
A, Preoperative chest CT image shows 26.8-mm,
part-solid nodule with 21.0-mm solid portion in right
upper lobe.

B, Preoperative PET/CT image shows no abnormally
increased FDG uptake to suggest mediastinal LN or
distant organ metastasis. Patient underwent right
upper lobectomy 2 days after chest CT and 17 days
after PET/CT, and surgical pathology confirmed
presence of invasive pulmonary adenocarcinoma
with multistation N2 LN metastases.
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The general policy for preoperative FDG
PET/CT at our institution follows the current
guidelines [1]. However, imaging decisions were

Suh et al.

based on patient demographics or patient or clini-
cian preference. Preoperative FDG PET/CT was
performed in 629 of the 855 patients (73.6%) at
a median interval of 14 days (25th—75th interval,

TABLE I: Clinical and Lesion Characteristics

6-27 days) before lung cancer surgery. The FDG
PET/CT protocol has been previously described
[23]. Briefly, 8F-FDG (5.2 MBg/kg of body
weight) was administered IV 1 hour before FDG

Variable Group Who Did Not Undergo PET/CT (n=226) Group Who Underwent PET/CT (n=629) p
Sex 0.477
Male 94(41.6) 241(38.3)
Female 132(58.4) 388(61.7)
Age (y), median (IQR) 59.0(52.0-66.0) 62.0(55.0-69.0) 0.001
Pathology? <0.0001
Invasive adenocarcinoma 127(56.2) 551 (87.6)
Minimally invasive adenocarcinoma 41(18.1) 43(6.8)
Adenocarcinoma in situ 41(18.1) 23(3.7)
Atypical adenomatous hyperplasia 17(7.5) 12(1.9)
Lesiontype on CT <0.0001
Pure ground-glass nodule 88(38.9) 72(11.4)
Part-solid nodule 138(61.1) 557 (88.6)
Entire tumor size on CT (mm), median (IQR) 12.4(10.0-17.0) 19.0(14.0-25.0) <0.0001
Solid portion size on CT (mm), median (IQR) 3.0(0-6.0) 9.0(4.4-15.4) <0.0001
Solid portion size on CT <0.0001
0 cm (no solid part) 88(38.9) 72(11.4)
<lcm 112 (49.6) 260(41.3)
>1to2cm 22(9.7) 222(35.3)
>2to3cm 4(1.8) 75(11.9)
Pathologic staging
N <0.0001
0 179(79.2) 561(89.2)
1 0(0) 9(1.4)
2 0(0) 16(2.5)
Unknown 47(20.8) 43(6.8)
M <0.0001
0 179(79.2) 584(92.8)
1a 0(0) 1(0.2)
1b 0(0) 1(0.2)
Unknown 47(20.8) 43(6.8)
Surgery 0.963
No 0(0) 2(0.3)
Yes 226(100.0) 627(99.7)
Type of surgery <0.0001°
Lobectomy 124 (54.9) 527(83.8)
Segmentectomy 45(19.9) 49(7.8)
Wedge resection 57(25.2) 51(8.1)
Biopsy 0(0) 2(0.3)

Note—Unless otherwise indicated, data are numbers of patients with percentages in parentheses. IQR = interquartile range.
@Pathologic data include data for one patient who did not undergo surgery because of clinical multistation N2 disease.
bStatistical analyses are performed after excluding two patients who did not undergo surgery.
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TABLE 2: Comparison of Chest CT and PET/CT for the Detection of Lymph Node (LN) and Intrathoracic or Distant
Metastases in Patients Who Underwent Preoperative PET/CT and Between Patients Who Underwent
PET/CT and Those Who Did Not Undergo PET/CT After Propensity Score Matching

No. of Tumors

Performance Value (%)

Imaging Finding TP | TN | FP | FN Sensitivity Specificity PPV NPV Accuracy
Before matching
LN metastasis
ChestCT? 3 | 547 | 14 | 22 |12.0(3.9-31.3) | 97.5(95.8-98.5) | 17.7(5.8—42.71) | 96.1(94.2-97.4) | 93.9(91.6-95.5)
PET/CT2 11 | 457 | 104 | 14 |44.0(26.3-63.4)| 81.5(78.0-84.5) 9.6 (5.4-16.5) 97.0(95.0-98.2) | 79.9(76.4-82.9)
p 0.017 <0.0001 0.321 0.434 <0.0001
Intrathoracic or distant metastasis
ChestCT® 0 [583] 1 2 0(0-0) 99.8(98.8-100.0) 0(0-0) 99.7(98.6-99.9) | 99.5(98.4-99.8)
PET/CT® 0 [580| 4 2 0(0-0) 99.3(98.2-99.7) 0(0-0) 99.7(98.6-99.9) | 99.0(97.7-99.5)
p >0.999 0.214 >0.999 0.996 0.325
Subgr_oup _analysis according to solid
portion size
Solid portion<1cm
LN metastasis
ChestCT? 0 (286 9 3 0(0-0) 97.0(94.2-98.4) 0(0-0) 99.0(96.8-97.0) | 96.0(93.1-97.7)
PET/CT? 0 [258| 37 | 3 0(0-0) 87.5(83.2-90.8) 0(0-0) 98.9(96.5-99.6) | 86.6(82.2-90.0)
p >0.999 <0.0001 >0.999 0.9 <0.0001
Intrathoracic or distant metastasis
ChestCT? 0 (298| 0 0 0(0-0) 100.0(100.0-100.0) 0(0-0) 100.0(100.0-100.0) | 100.0(100.0-100.0)
PET/CT® 0 [297 | 1 0 0(0-0) 99.7(97.7-100.0) 0(0-0) 100.0(100.0-100.0) | 99.7 (97.7-100.0)
p >0.999 <0.0001 >0.999 >0.999 <0.0001
Solid portion>1to 3 cm
LN metastasis
ChestCT2 3 [261| 5 19 | 13.6(4.5-34.8) | 98.1(95.6-99.2) | 37.5(12.5-71.5) | 93.2(89.6-95.6) | 91.7(87.9-94.4)
PET/CT? 1 1199 | 67 | 11 |50.0(30.2-69.8)| 74.8(69.3-79.7) | 14.1(8.0-23.7) | 94.8(90.8-97.1) | 72.9(67.5-77.7)
p 0.014 <0.0001 0.105 0.481 <0.0001
Intrathoracic or distant metastasis
ChestCT2 0 [285| 1 2 0(0-0) 99.7 (95.7-100) 0(0-0) 99.3(97.3-99.8) | 99.0(96.8-99.7)
PET/CT? 0 (283 3 2 0(0-0) 99.0(96.8-99.7) 0(0-0) 99.3(97.2-99.8) | 98.3(95.9-99.3)
p >0.999 0.340 >0.999 0.994 0.481
After matching
LN metastasis
ChestCT® 0 [178] 1 0 NA 99.4(96.2-99.9) 0(0-0) 100.0(100.0-100.0) | 99.4(96.2-99.9)
PET/CT® 0 (158 ] 20 | 1 0(0-0) 88.8(83.2-92.6) 0(0-0) 99.4(95.7-99.9) | 88.3(82.7-92.2)
p (between two groups) NA 0.027 >0.999 <0.001 0.002
Intrathoracic or distant metastasis
ChestCT® 0 (179] 0 0 NA 100.0(100.0-100.0) NA 100.0(100.0-100.0) | 100.0(100.0-100.0)
PET/CT® 0 [178] 1 0 NA 99.4(96.2-99.9) 0(0-0) 100.0(100.0-100.0) | 99.4(96.2-99.9)
p (between two groups) NA >0.999 NA >0.999 >0.999

Note—Data in parentheses are 95% Cls. TP =true-positive, TN = true-negative, FP =false-positive, FN = false-negative, PPV = positive predictive value, NPV = negative

predictive value, NA = not applicable.
aln group who underwent PET/CT.
bIn group who did not undergo PET/CT.
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TABLE 3: Comparison of Clinical Variables Before and After Propensity Score Matching

Before Matching?® After Matching
Group Who Did Group Who Group Who Did Group Who
Not Undergo Underwent Not Undergo Underwent
Variables PET/CT(n=179) | PET/CT(n="586) p SMD | PET/CT(n=179) | PET/CT(n=179) p SMD
Female sex 100.0 (55.9) 358(61.1) 0.245 0.106 100.0(55.9) 93(52.0) 0.0923 | 0.078
Age (y), median (IQR) 60.0(53.0-67.0) 62.0(55.0-69.0) 0.011 0.230 | 60.0(53.0-67.0) 61.0(53.0-67.0) | 0.0027 | 0.077
Solid portion size on CT <0.0001 | 0.885 0.023
0 cm (no solid part) 61(34.1) 58(9.9) 61(34.1) 58(32.4)
<lem 92(51.4) 239(40.8) 92(51.4) 95(53.1)
>1to2cm 22(12.3) 215(36.7) 22(12.3) 22(12.3)
>2to3cm 4(2.2) 74(12.6) 4(2.2) 4(2.2)
LN metastasis 0.01 NA >0.999 | NA
No 179(100.0) 561(95.7) 179(100.0) 178(99.4)
Yes 0(0.0) 25(4.3) 0(0.0) 1(0.6)
Pathologic N category 0.019 NA >0.999 | NA
0 179(100.0) 561(95.7) 179(100.0) 178(99.4)
1 0(0.0) 9(1.5) 0(0.0) 0(0.0)
2 0(0.0) 16(2.7) 0(0.0) 1(0.6)
Multistation N2 metastases 0.203 NA NA
No 179(100.0) 577 (98.5) 179(100.0) 179(100.0)
Yes 0(0.0) 9(1.5) 0(0.0) 0(0.0)
Intrathoracic or distant metastasis >0.999 NA NA NA
No 179(100.0) 584(99.7) 179(100.0) 179(100.0)
Yes 0(0.0) 2(0.3) 0(0.0) 0(0.0)

Note—Unless otherwise indicated, data are numbers of patients, and data in parentheses are percentages. SMD = standardized mean difference, IQR = interquartile

range, LN =lymph node, NA = not applicable.

@Propensity score matching was performed among 765 patients in whom LN dissection or LN biopsy was performed.

PET/CT. Integrated FDG PET/CT was performed
using a PET/CT camera (Gemini, Philips Health-
care). Low-dose unenhanced CT for attenuation
correction and anatomic localization was per-
formed from the head to knees using a tube volt-
age of 120 kV; tube current of 50 mA; tube rota-
tion time of 0.75 second per rotation; pitch of 1.5;
and slice thickness of 6.5 mm, which matched the
PET image section thicknesses. Immediately after
CT, PET images were acquired at 150 seconds per
bed position in the 3D acquisition mode. PET and
CT images were coregistered, and foci showing
increased FDG uptake on LNs or distant organs
were recorded. FDG PET/CT interpretation was
included in the preoperative routine clinical pro-
cess; hence, an additional image review was not
conducted for this study. In clinical practice at our
institution, interpreting and reporting results of
PET/CT examinations of patients with suspected
or histopathologically confirmed lung cancer are
performed by one of six attending nuclear med-
icine physicians under the supervision of anoth-
er physician dedicated to cardiothoracic nuclear
medicine. All LNs in the thorax and extrathorac-
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ic regions with definitely discernible FDG uptake
were considered positive unless they showed high
attenuation (> 70 HU) or benign calcification (cen-
tral nodular, laminated, popcorn, or diffuse) on
unenhanced CT images [4, 22, 24].

Pathologic Diagnosis

All pathologic diagnoses were established us-
ing surgical specimens by attending pulmonary
pathologists at our institution. The longitudinal di-
ameter of the entire tumor was measured, and the
histologic grade was classified as follows: atypi-
cal adenomatous hyperplasia, adenocarcinoma in
situ, minimally invasive adenocarcinoma, or in-
vasive adenocarcinoma. In this study, we did not
perform pathologic T categorization based on the
lung cancer staging system in the 8th edition of
the TNM classification, because the size of inva-
sive adenocarcinoma components was not precise-
ly measured before the adoption of the 8th edition
of lung cancer staging system at our institution,
particularly for those with diameter greater than
1 cm. The presence and location of LN metastases
on the pathologic specimen were recorded.

Outcomes

The primary outcome was the diagnostic per-
formance of imaging studies (FDG PET/CT or
chest CT) for LN metastasis and intrathoracic or
distant metastasis per patient. Moreover, the pres-
ence of multistation ipsilateral mediastinal LN
metastasis (multistation N2) was assessed on the
basis of the pathologic results.

Statistical Analysis

Because clinical characteristics were expected
to differ between patients who underwent FDG
PET/CT and patients who did not undergo FDG
PET/CT, we used propensity score matching. The
propensity score was defined as the conditional
probability of undergoing FDG PET/CT given a
vector of measured covariates. A multivariable lo-
gistic regression model was used to estimate the
propensity score using the clinical characteristics
of sex and age and solid portion size on CT as co-
variates. We matched patients in the two groups
according to their propensity scores using the
nearest-neighbor method (caliper, 0.1) and com-
pared the diagnostic performance of FDG PET/CT

AJR:214, March 2020



Downloaded from www.gjronline.org by 65.21.193.86 on 03/07/22 from I P address 65.21.193.86. Copyright ARRS. For personal use only; all rights reserved

FDG PET/CT for Preoperative Staging of NSCLCs

TABLE 4: Statistical Models for the Differences in and Prediction of Lymph Node (LN) Metastasis

Metastasis Metastasis Adjusted
Variable Present Absent p Odds Ratio 95% ClI p Odds Ratio 95% Cl D
LN metastasis
No. of patients 25 740
Female sex 17(68.0)? 441 (59.6)2 0.525 1.4408 0.6139-3.3812 | 0.4015 1.3436 |0.5496-3.2851 | 0.5173
Age (y) 61.0(55.0-66.0)° | 62.0(55.0-68.0)° | 0.633 0.9854 0.9458-1.0266 | 0.4806 0.9621 | 0.9202-1.0060 | 0.0894
Lesion type on CT: part-solid 25(100.0)2 621(83.9)2 0.0292 5.7197 0.3032-7.1286 | 0.0168 NA NA NA
nodule
Entire tumor size on CT (mm) | 25.1(21.0-30.6)" | 17.7 (13.0—-24.0)® | <0.0001 1.0801 1.0414-1.1203 | <0.0001 NA NA NA
Solid portion size on CT (mm) | 18.3(12.0-25.5)° | 7.5(3.0-14.2)> | <0.0001 1.1555 1.0967-1.2174 | <0.0001 1.1625 | 1.1034-1.2248 |<0.0001
Multistation N2 metastases
No. of patients 9 756
Female sex 7(71.8) 451(59.7) 0.447 2.3670 | 0.4884-11.4708 | 0.2846 2.472 ]0.5006-12.2077| 0.2667
Age(y) 61.0(60.0-67.0)® [ 62.0(55.0-68.0)> | 0.566 1.0240 0.9527-1.1006 | 0.5196 1.013 | 0.9387-1.0931 | 0.7399
Lesion type on CT: part-solid 9(100.0) 637 (84.3)? 0.1955 1.1287 |-0.8047t06.1318| 0.2880 NA NA NA
nodule
Entire tumor size on CT (mm) |23.1(22.3-26.8)° | 18.0(13.1-24.0)* | 0.045 1.0454 0.9809-1.1143 | 0.1719 NA NA NA
Solid portion size on CT (mm) | 18.3(12.0-21.0) | 7.5(3.1-14.5) 0.006 1.1135 1.0287-1.2053 | 0.0078 1.1125 | 1.0264-1.2058 | 0.0095

Note—NA =not applicable.
aNumber (%) of patients.
bMedian (95% Cl).

in the group who underwent FDG PET/CT with
that of chest CT in the group who did not under-
go FDG PET/CT to detect LN, intrathoracic, and
distant metastases. To assess the degree of imbal-
ance, we calculated the standardized mean differ-
ence (SMD) between the two groups before and
after matching. The small absolute values of SMD
(< 0.2) for each covariate indicated that the two
matched groups were well balanced. We used R
statistical software (version 3.4.4, R Foundation)
and MedCalc (version 18.11, MedCalc Software)
for statistical analyses along with the Matchlt R
package for propensity score matching.

Normally distributed data were identified using
the Shapiro-Wilk W test. Continuous variables are
presented as the mean + SD for normally distribut-
ed data and as the median with interquartile range
for nonnormally distributed data and were com-
pared using the independent ¢ test or Mann-Whit-
ney U test according to normality. When compar-
ing the two matched groups, we used the paired
t test for normally distributed data and the Wil-
coxon signed rank test for nonnormally distribut-
ed data. We used chi-square statistics for compar-
ing categoric variables and the McNemar test for
the two matched groups. The diagnostic perfor-
mance of chest CT and FDG PET/CT in the group
who underwent FDG PET/CT was compared in
terms of detecting LN and distant metastases; in
addition, the diagnostic values of FDG PET/CT in
the group who underwent FDG PET/CT and the
diagnostic values of chest CT in the group who
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did not undergo FDG PET/CT after propensity
score matching were compared using the gener-
alized estimating equation. Subgroup analysis for
comparison of diagnostic performances between
chest CT and PET/CT for detecting LN and distant
metastases in the group who underwent PET/CT
was performed according to the solid portion di-
ameter (SSN with no solid portion or solid portion
with diameter of < 1 cm and SSN with solid por-
tion diameter of > 1 cm). To investigate the effects
of clinical or lesion-related characteristics and LN
or distant metastasis, we performed a logistic re-
gression analysis. The association between vari-
ables and the rate of LN or distant metastasis is
presented as an odds ratio (OR) with 95% CI. For
assessing the OR of each separate category for LN
metastasis, we used the Firth method to solve any
biased estimate. Probability values less than 0.05
were considered statistically significant.

Results
Patient Characteristics

The clinical and lesion characteristics are
summarized in Table 1. Patients who under-
went FDG PET/CT were older, had more in-
vasive adenocarcinomas, and had more PSNs
with a larger entire tumor size and larger sol-
id portion size on CT. Two patients did not
undergo surgery because disease was con-
sidered inoperable; both underwent preoper-
ative FDG PET/CT. One patient had a pri-
mary tumor of a PSN; CT showed an entire

tumor size of 32.1 mm and solid portion size
of 19.5 mm, and both chest CT and FDG
PET/CT showed multistation N2 LNs, which
were confirmed as metastases using endo-
bronchial ultrasound (EBUS)-guided LN bi-
opsy. The other patient had multiple SSNs in
bilateral lungs; CT showed the largest SSN to
have an entire tumor size of 36.4 mm and a
solid portion size of 24.4 mm. Therefore, giv-
en the possibility of multifocal lung adeno-
carcinomas, the patient received chemother-
apy. The remaining 853 patients underwent
subsequent surgery for subsolid NSCLCs.

CT Image Analysis

Among the lesions, 695 were classified
as PSNs and 160 as pure GGNs. Among the
695 PSNs, 372 had a solid portion of 1 cm or
smaller, 244 had a solid portion ranging from
larger than 1 to 2 cm, and 79 had a solid por-
tion ranging from larger than 2 to 3 cm. On
chest CT, LN metastasis was suspected in 20
patients and liver metastasis was suspected
in one patient.

FDG PET/CT for Detecting Lymph Node and
Intrathoracic or Distant Metastases

Among 586 patients who underwent FDG
PET/CT and subsequent surgical LN dissec-
tion or biopsy, LN metastases were present in
25 patients (N1 in nine and N2 in 16 patients),
and nine had multistation N2 disease (eight
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were confirmed by subsequent surgery and one
was diagnosed at EBUS-guided LN biopsy). On
FDG PET/CT, 115 patients were suspected of
having LN metastasis. The diagnostic perfor-
mance of FDG PET/CT for LN metastasis was
a sensitivity of 44.0% (11/25); specificity, 81.5%
(457/561); positive predictive value (PPV), 9.6%
(11/115); negative predictive value (NPV),
97.0% (457/471); and accuracy, 79.9% (468/586)
(Table 2 and Fig. 2). FDG PET/CT showed a
significantly higher sensitivity for detecting LN
metastasis than preoperative chest CT alone
44.0% vs 12.0%) but lower specificity (81.5%
vs 97.5%) and accuracy (79.9% vs 93.9%) (all,
p <0.05). The diagnostic performance of FDG
PET/CT for multistation N2 metastasis showed
a sensitivity of 33.3% (3/9); specificity, 95.5%
(551/577); PPV, 10.3% (3/29); NPV, 98.9%
(551/557); and accuracy, 94.5% (554/586).

Regarding M category, distant metastasis
was suspected on preoperative FDG PET/CT in
four of 629 patients in the group who underwent
PET/CT; however, all these lesions were even-
tually confirmed to be benign (osteoid lesion
for one bone lesion diagnosed using biopsy, no
change on follow-up imaging over 2 years for
the other two bone lesions, and leiomyoma for
the gastric LN diagnosed using surgery). One
intrathoracic metastasis (pleural seeding me-
tastasis) detected during surgery was not de-
tected on either preoperative chest CT or FDG
PET/CT. One distant metastasis was found in
the skull on postoperative brain MRI performed
4 days after surgery owing to the occurrence of
headache. This patient had NSCLC manifesting
as PSN (entire tumor size, 20 mm; solid portion
size, 14 mm) on CT and underwent preopera-
tive FDG PET/CT, on which the skull metasta-
sis was not detected. Therefore, among patients
who underwent preoperative FDG PET/CT, the
diagnostic performance of FDG PET/CT for in-
trathoracic or distant metastasis on a per-patient
basis showed a sensitivity of 0% (0/2); specifici-
ty, 99.3% (580/584); PPV, 0% (0/4); NPV, 99.7%
(580/582); and accuracy, 99.0% (580/586). No
significant difference was observed between the
two modalities in their diagnostic performance
for detecting intrathoracic or distant metastasis
(Table 2; p > 0.05).

LN metastasis was present in none of the
58 patients with no solid portion (pure GGN),
in three of the 239 patients (1.3%) with a sol-
id portion of 1 cm or smaller, in 12 of the 215
patients (5.6%) with the solid portion ranging
from larger than 1 to 2 cm, and in 10 of the 74
patients (13.5%) with the solid portion ranging
from larger than 2 to 3 cm. In SSNs withno or a
solid portion of 1 cm or smaller, FDG PET/CT
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showed a sensitivity of 0% (0/3); specificity,
87.5% (258/295); PPV, 0% (0/37); NPV, 98.9%
(258/261); and accuracy, 86.6% (258/298) for
detecting LN metastasis, with significantly
lower specificity (87.5% vs 97.0%) and accu-
racy (86.6% vs 96.0%) than did preoperative
chest CT alone (all, p <0.05). SSNs with a solid
portion larger than 1 cm showed a sensitivity
of 50.0% (11/22); specificity, 74.8% (199/266);
PPV, 14.1% (11/78); NPV, 94.8% (199/210); and
accuracy, 72.9% (210/288) for detecting LN
metastasis, with significantly lower specific-
ity (74.8% vs 98.1%) and accuracy (72.9% vs
91.7%) than did preoperative chest CT alone
(all, p < 0.05). No significant differences were
observed between the two modalities in their
diagnostic performances for detecting intratho-
racic or distant metastasis, both for SSNs with a
solid portion of 1 cm or smaller and SSNs with
a solid portion larger than 1 cm.

Preoperative Diagnostic Performances of FDG
PETI/CT in the Group Who Underwent PET/CT
and of Chest CT in the Group Who Did Not
Undergo FDG PET/CT for Lymph Node or
Distant Metastasis

We matched 179 patients in the group who
underwent PET/CT and 179 patients in the
group who did not undergo PET/CT (Table
3). All covariates were well balanced (SMD <
0.2) after propensity score matching. Before
matching, LN metastases were found in 25
patients (4.3%) in the group who underwent
PET/CT and in none (0%) of the patients
who did not undergo PET/CT (p = 0.01). In-
trathoracic or distant metastasis was present
in two patients (0.3%) in the group who un-
derwent PET/CT. After matching, LN metas-
tasis was present on pathologic examination
in one patient (0.5%) in the group who under-
went PET/CT (single-station N2 metastasis on
surgery) and in no patients in the group who
did not undergo PET/CT, without statistical
significance (p > 0.999). Intrathoracic or dis-
tant metastasis was absent in both groups after
matching. The diagnostic accuracy of FDG
PET/CT in the group who underwent PET/CT
for LN metastasis was lower than that of chest
CT in the group who did not undergo PET/CT
(Table 2; p = 0.002). Neither group showed
multistation N2 metastasis after matching.

Prediction of Lymph Node Metastasis Based
on Clinical and Lesion-Related Variables

For the association of clinical and lesion-
related variables between the presence of
LN metastasis in the pathologic specimen, a
significant increase in LN metastasis was ob-

served according to an increase in the solid
portion size (adjusted OR, 1.1625; 95% ClI,
1.1034-1.2248; p < 0.0001; Table 4). Solid
portion size on CT was the only significant
predictor of multistation N2 metastasis after
adjusting for other variables (adjusted OR,
1.1125; 95% CI, 1.0264-1.2058; p = 0.0095).

Discussion

Our study shows that preoperative FDG
PET/CT has lower diagnostic accuracy than
chest CT for LN metastasis in patients with
subsolid NSCLCs with solid portion sizes of
3 c¢cm or smaller on CT and that preoperative
FDG PET/CT has diagnostic performance
similar to that of chest CT for intrathorac-
ic and distant metastases. Solid portion size
is the only significant factor associated with
LN metastasis after adjusting for other clini-
cal and lesion-related features.

Current guidelines state that preopera-
tive NSCLC staging should include FDG
PET/CT because it reduces futile thoracoto-
mies by 20% [3, 25, 26]. However, this study
shows that FDG PET/CT may have limited
value in diagnosing LN, intrathoracic, and
distant metastases in patients with clinical
T1-category subsolid NSCLCs. Some of the
reasons are as follows.

First, FDG PET/CT has limited benefits in
detecting LN metastasis in clinical stage [A
lung cancer because of the low prevalence of
LN metastases and a high false-positive rate
[27, 28]. The subsolid lesion characteristic of
the primary tumor can substantially lower the
utility of FDG PET/CT; a previous study re-
ported very low sensitivity (11.1%) and low ac-
curacy (81.9%) of preoperative FDG PET/CT
for LN staging in patients with subsolid ade-
nocarcinomas that were 3 cm or smaller in en-
tire tumor size [15]. Our study showed similar
results in the broader population of patients
with NSCLC, wherein the clinical T category
was changed to the T1 category according to
the latest staging system, which is defined as
solid portion of 3 cm or smaller. We believe
our results are clinically relevant and expand
the knowledge in this field. Second, FDG
PET/CT could have limited diagnostic value
for detecting intrathoracic and distant metas-
tases in clinically early stage lung cancer be-
cause of the low probability of distant metas-
tasis. Our study included four false-positive
cases of distant metastasis on FDG PET/CT
and only two false-negative cases.

In addition to detecting overall LN me-
tastasis, preoperative diagnosis of multista-
tion N2 disease remains crucial for patient
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management. Unexpected N2 disease af-
ter surgery occurs in approximately 10% of
surgically resected NSCLCs, negatively af-
fecting patient prognosis; multistation N2
disease also has poorer survival rates than
does single-station N2 disease [29]. In our
study, except one patient who was consid-
ered to have multistation N2 disease based
on EBUS-guided LN biopsy, multistation N2
disease confirmed at surgery was correctly
diagnosed using preoperative FDG PET/CT
in only two of eight patients.

A few studies have reported that preopera-
tive FDG PET/CT offered little advantage in
staging NSCLCs presenting as pure GGNs
or ground-glass opacity (GGO)-predomi-
nant PSNs with small solid portions (> 50%
GGO portion in tumor diameter on CT) be-
cause of the low incidence of LN and distant
metastases [13, 14]. Our results show that the
low incidence of LN and distant metastases
and low diagnostic performance of preoper-
ative FDG PET/CT were observed not only
in the limited population of pure GGNs or
GGO-predominant PSNs, but also in clini-
cal T1-category subsolid NSCLCs including
SSNs with a solid portion larger than 1 cm.
Moreover, we found that the diagnostic per-
formance of FDG PET/CT for LN metastasis
was significantly lower than that of chest CT
both for intragroup comparison within the
group who underwent PET/CT and for inter-
group comparison with the group who did
not undergo PET/CT.

LN metastasis was significantly associat-
ed with larger solid portion size. Our results
emphasize the importance of solid portion
size in subsolid NSCLCs, which is consistent
with subcategorization of clinical T1 cate-
gory of subsolid NSCLCs according to the
solid portion size on CT in the lung cancer
staging system in the latest 8th edition of the
TNM classification. Moreover, we suggest
that careful review of preoperative chest CT
for assessing solid portion size and stratify-
ing the probability of LN or distant metasta-
sis may be beneficial in staging disease in pa-
tients with NSCLCs presenting as SSNs with
solid portions of 3 cm or smaller when de-
ciding the need for subsequent FDG PET/CT.

Our study has several limitations. First, be-
cause this study was a nonrandomized and
retrospective study, significant differences
were observed in clinical and lesion charac-
teristics among the patients who underwent
PET/CT and those who did not. Generally, the
use of FDG PET/CT is affected by multiple
factors, such as the entire tumor size or sol-
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id portion size on CT, regional practice pat-
tern, and patient demographics or econom-
ic status [30, 31]. To overcome this selection
bias, we performed propensity score match-
ing for adjusting multiple clinical and lesion-
related variables that could affect the results
and compared the diagnostic performances of
PET/CT and chest CT in the group who un-
derwent PET/CT and between the group who
underwent PET/CT and the group who did
not undergo PET/CT. Second, we could not
use the latest lung cancer staging system from
the 8th edition of the TNM classification for
pathologic staging because of our retrospec-
tive study design and because our study popu-
lation received treatment following the stan-
dard practices of that period. Third, we did
not additionally review the individual images
of PET/CT in this study, which may have af-
fected the diagnostic performance of PET/CT.

In conclusion, preoperative FDG PET/CT
has limited utility in detecting LN and distant
metastases in patients with subsolid NSCLCs
with a solid portion size of 3 cm or smaller.
Carefully reviewing preoperative chest CT
may be beneficial for the assessment of solid
portion size and stratification of the probabil-
ity of LN or distant metastasis.
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Introduction
1. What type of lung malignancy is associated with subsolid nodules? What feature of such nodules provides useful prognostic information?
What is the prevalence of subsolid pulmonary nodules? What is the incidence of non—small cell lung cancer?
2. What criterion is currently used to designate subsolid lung cancers as T1-category lesions in TNM staging?
3. What clinical question does this study set out to answer? Is this question timely and relevant to current diagnosis, staging, and management
of lung cancer?

Methods
4. What study design was used? What selection criteria were used? What were the exclusion criteria?
5. What categories were used to group the nodules evaluated in this study? How were lymph nodes deemed to be abnormal?
6. What rationale is provided for not evaluating interreader variability in this study?
7. What are the limitations of this study? Are these limitations adequately discussed?

Results
8. At what rates were lymph node metastases detected using PET/CT and with preoperative chest CT? Which modality was more sensitive
in detecting metastatic disease in the patient population studied?
9. What factor is found in this study to be associated with lymph node metastasis in the setting of lung cancer presenting as a subsolid nodule?
10. Are current preoperative staging recommendations supported by the results of this study?

Statistics

11. In this study, performance characteristics including sensitivity, specificity, positive predictive value, negative predictive value, and accu-
racy are used to discuss the diagnostic performance of PET/CT and preoperative chest CT. Briefly describe these in layperson’s language
such that a patient could understand why these are significant in discussing whether an imaging study is appropriate.

Discussion

12. What are the limited benefits the study ascribes to using PET/CT to stage T1-category non—small cell lung cancer?

13. Are the study results sufficiently strong that you would contact a clinical colleague ordering a PET/CT for a patient with a subsolid nodule
with features of a T1-category lung cancer to discuss using only preoperative chest CT for staging?

14. The results of this study speak to the utility of decision-support systems to guide clinicians to appropriate studies and highlights how spe-
cific they may need to be. How confident are you that your clinical colleagues will follow these guidelines if adherence is not compulsory?
What dilemmas may arise in decision-support systems for specific clinical situations such as the question of preoperative staging of T1-
category non—small cell lung cancers?

Background Reading
1. Kim TJ, Park CM, Goo JM, Lee KW. Is there a role for FDG PET in the management of lung cancer manifesting predominantly as ground-glass opacity? AJR 2012;
198:83-88
2. Ravenel JG, Rosenzweig KE, Kirsch J, et al. ACR Appropriateness Criteria noninvasive clinical staging of bronchogenic carcinoma. J Am Coll Radiol 2014;
11:849-856
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