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Background. This multicenter study aimed to validate the
ability of 18F-fluorodeoxyglucose positron emission tomogra-
phy/computed tomography (PET/CT) plus high-resolution
computed tomography (HR-CT) to predict the malignant be-
havior and prognosis of early adenocarcinomas of the lung.

Methods. We calculated maximum standardized up-
take values (maxSUV) from PET/CT images and ground-
glass opacity (GGO) ratios on HR-CT images before
complete surgical intervention in 610 patients with clin-
ical stage IA lung adenocarcinoma. Pathologic invasive-
ness and survival were compared with clinical factors and
radiographic findings including the maxSUV, which was
revised to correct for interinstitutional discrepancies that
confer limitations upon multicenter PET studies.

Results. Analyses of receiver-operating characteristic
curves revealed optimal maxSUV and GGO ratio cutoffs to
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predict recurrence of 2.9 and 25%, respectively. Both the
maxSUV and GGO ratio reflected tumor invasiveness,
nodal metastasis, recurrence, and patient survivals, and
were significant prognostic factors for recurrence-free and
cancer-specific survivals on multivariate Cox analysis
(all, p < 0.001). The combination of maxSUV andGGO ratio
is a better predictor of malignant tumor grade than either
alone.
Conclusions. The combination of maxSUV and GGO

ratio as well as each alone are important predictors of
prognosis in patients with clinical stage IA adenocarci-
noma of the lung and should be considered before select-
ing therapeutic strategies.

(Ann Thorac Surg 2013;96:1958–65)
� 2013 by The Society of Thoracic Surgeons
ecent progress in diagnostic imaging such as high-
Rresolution computed tomography (HR-CT) and in-
tegrated 18F-fluorodeoxyglucose (FDG) positron emission
tomography/computed tomography (PET/CT) as well as
the widespread application of screening using CT have
enhanced the discovery of small lung cancers, which are
predominantly biologically heterogeneous adenocarci-
nomas [1, 2] with unpredictable malignant aggressiveness
at the time of diagnosis [3, 4].

Adenocarcinoma in situ is histologically classified
by the World Health Organization as a noninvasive
adenocarcinoma having pure lepidic growth without
vascular, stromal, or pleural invasion. The components of
lepidic growth appear as areas of ground-glass opacity
(GGO) on HR-CT. Thus, the GGO ratio might be asso-
ciated with the grade of malignancy in adenocarcinomas.
Conversely, PET/CT that reflects the metabolic activity
and proliferative potential of tumors was first introduced
into clinical practice in the early 2000s and, with CT, it is
currently one of the best noninvasive modalities for
diagnosing cancer [5, 6]. The uptake of FDG is quantified
on PET/CT images based on maximum standardized
uptake values (maxSUV). Although maxSUV is widely
and increasingly used to diagnose, stage, and therapeu-
tically assess lung cancer, the malignancy grade of tu-
mors assessed by maxSUV has not been investigated in
detail and only a few small-scale studies have demon-
strated a role for PET/CT in assessing the biological ma-
lignancy of lung cancers [7]. A prospective multicenter
study was implemented but the findings were limited by
a short follow-up period [8, 9].
Here, we examined 5-year survival rates and compared

the ability of PET/CT and HR-CT to predict the malignant
behavior, prognosis, and recurrence of clinical early-stage
adenocarcinomas of the lung.
Patients and Methods

We enrolled 610 patients with clinical T1N0M0 stage IA
lung adenocarcinoma, for whom HR-CT and PET/CT
were followed by complete R0 resection between August
2005 and June 2010 at four institutes. Tumors were staged
according to the seventh edition of the TNM classifi
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Abbreviations and Acronyms

AUC = area under the curve
CT = computed tomography
FDG = 18F-fluorodeoxyglucose
GGO = ground-glass opacity
HR = high resolution
IRB = Institutional Review Board
maxSUV = maximum standardized uptake value
PET = positron emission tomography
RFS = recurrence-free survival
SUV = standardized uptake value
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cation of malignant tumors [10]. The Ethics Committees
and Institutional Review Board (IRB) at each participating
institution approved this multicenter study and the anal-
ysis of a prospective database (Hiroshima University
Hospital IRB, no. EKI-644; Kanagawa Cancer Center IRB,
no. KEN-31; Cancer Institute Hospital IRB, no. 2008-1018;
Hyogo Cancer Center IRB, no. H20-RK-15).

All patients were followed up from the day of surgery,
and assessed by a physical examination and chest radi-
ography every 3 months and by chest and abdominal CT
images every 6 months for the first 2 years. Thereafter,
they were assessed physically and with chest radiography
every 6 months and annual chest CT imaging.

Chest images were obtained using a 16-row multi-
detector CT, independently of the subsequent PET/CT
Table 1. Summary of Clinical Characteristics of Patients With cT

Clinical Characteristics
Patients
(n ¼ 610)

Max

�2.9/>2.9
(n ¼ 456/154)

Age, years, mean � SD 65.8 � 9.6 65.8 � 9.7/65.8 �
Sex

Male 268 182/86
Female 342 274/68

CEA, ng/mL
�5 549 425/124
>5 61 31/30

Tumor size, mm
�20 354 286/68
>20 256 170/86

Lymphatic invasion
Positive 89 32/57
Negative 521 424/97

Blood vessel invasion
Positive 104 30/74
Negative 506 426/80

Pleural invasion
Positive 66 20/46
Negative 544 436/108

Lymph node metastasis
Positive 41 13/28
Negative 569 443/126

CEA ¼ carcinoembryonic antigen; GGO ¼ ground-glass opacity; max
examinations. High-resolution images of the tumor were
acquired under the following conditions: 120 kilovoltage
peak, 200 mA, 2-mm section thickness, pitch 1, 1-mm to
2-mmsection thickness, 512� 512pixel resolution, scanning
duration 0.5 to 1 s, and spatial reconstruction algorithmwith
a 20-cm field of view and mediastinal (level, 40 HU; width,
400HU) and lung (level,�600HU;width, 1,600HU)window
settings. We defined GGO as a misty increase in lung
attenuation that did not obscure underlying vascular
markings, and the GGO ratio (%) as (1 � [maximum
dimension of consolidation of lung windows / maximum
dimension of tumor of lung windows]) � 100.
The patients fasted for at least 4 hours before receiving

an intravenous injection of 74 to 370 MBq FDG and were
then allowed to relax for at least 1 hour before FDG-PET/
CT scanning. Patients were excluded from PET/CT imag-
ing if blood glucose values before tracer injectionwere 150
mg/dL or greater. Images were acquired as fusion PET/CT
images using Discovery ST (GE Healthcare, Little Chal-
font, UK), Aquiduo (Toshiba Medical Systems, Tochigi,
Japan), or Biograph Sensation16 (Siemens Healthcare,
Erlangen, Germany) integrated PET/CT scanners. Low-
dose, unenhanced CT images of 2-mm to 4-mm thick
sections for attenuation correction and localization of le-
sions identified by PETwere acquired from the head to the
pelvic floor of each patient using a standard protocol.
Immediately after CT, PET covered the identical axial field
of view for 2 to 4 minutes per table position, depending on
the condition of the patient and scanner performance. All
1N0M0 Adenocarcinoma

SUV GGO Ratio

p Value
�25%/<25%
(n ¼ 334/276) p Value

9.6 0.9933 65.4 � 9.5/66.2 � 9.8 0.3044

0.0006 130/138 0.0061
204/138

<0.0001 319/230 <0.0001
15/46

<0.0001 206/148 0.0448
128/128

<0.0001 9/80 <0.0001
325/196

<0.0001 7/97 <0.0001
327/179

<0.0001 7/59 <0.0001
327/217

<0.0001 5/36 <0.0001
329/240

SUV ¼ maximum standardized uptake value.
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PET images with a 50-cm field of view were reconstructed
using an iterative algorithm with CT-derived attenuation
correction. Variations in SUV among institutions were
minimized using an anthropomorphic body phantom [11].
A calibration factorwas created by dividing the actual SUV
by the gauged mean SUV in the phantom background to
decrease interinstitutional SUV inconsistencies [12]. The
adjustment of the interinstitutional variability in SUV
narrowed the range (from 0.89 to 1.24, to 0.97 to 1.18) when
the maxSUV ratio was expressed as the maxSUV of each
institution relative to the maxSUV of the control
institution.

Statistical Analysis
Data are presented as numbers, ratios (%), or means �
SD, unless otherwise stated. Receiver-operating charac-
teristic curves of maxSUV and GGO ratios to predict
recurrence were generated to determine the cutoff value
that yielded optimal sensitivity and specificity using the
Youden index [13]. Recurrence-free survival (RFS) was
defined as the interval from the date of surgery until the
first event (relapse or death from any cause) or the last
follow-up visit. For cancer-specific survival, deaths that
were attributed to cancer were treated as deaths, and
survival durations were censored at the date of a patient
becoming lost to follow-up, or the date of death from
causes not considered as being due to the cancer. Survival
duration was analyzed using the Kaplan-Meier method,
and differences were assessed using the log rank test.
Independent variables for predicting RFS were deter-
mined using multivariate Cox proportional analyses. All
data were statistically analyzed using the Statistical
Package for Social Sciences software, version 20 (SPSS,
Chicago, IL).
ig 1. Area under the receiver-operating characteristics (ROC) curve
UC) for recurrence using (A) maximum standardized uptake value
axSUV) on 18F-fluorodeoxyglucose (FDG) positron emission
mography/computed tomography (PET/CT); and (B) ground-glass
pacity (GGO) ratio on high-resolution computed tomography.
ptimal cutoff of maxSUV and GGO ratio were 2.9 (AUC 0.816, 95%
onfidence interval [CI]: 0.771 to 0.861, p < 0.001) and 25% (AUC
.803, 95% CI: 0.759 to 0.846, p < 0.001), respectively, for predicting
currence according to ROC curves.
Results

Table 1 summarizes the clinical and pathologic charac-
teristics of the 342 (56%) female and 268 (44%) male pa-
tients (mean age 65.8 years). The diameter of the primary
tumor on HR-CT was 20 mm or less in 354 patients (58%)
and greater than 20 mm in 256 (42%). Lymphatic, blood
vessel, and pleural invasion and lymph node metastases
were pathologically confirmed in 89 patients (15%), 104
(17%), 66 (11%), and 41 (7%), respectively. The mean
follow-up period after surgery was 41.8 months, with a
disease recurrence rate of 9.5% (n ¼ 58).

The receiver-operating characteristic curves for predict-
ing recurrence and calculating the optimal cutoff values of
maxSUV and GGO ratio were 2.9 (area under the curve
[AUC] 0.816) and 25% (AUC 0.803), respectively (Fig 1). Both
the cutoff values of maxSUV and GGO ratio significantly
correlated with sex, carcinoembryonic antigen value, tumor
size, lymphatic invasion, blood vessel invasion, pleural in-
vasion, and lymph node metastasis (Table 1). We then
compared possible predictors of RFS with preoperative
clinical and radiographic factors (Table 2). Univariate ana-
lyses identified the maxSUV and GGO ratio as significant
determinants and carcinoembryonic antigen and tumor size
as marginally significant. Moreover, multivariate analysis
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demonstrated thatmaxSUV andGGO ratio were significant
independent determinants for RFS.
Significant differences in RFS (p < 0.001) were identi-

fied between tumors having a maxSUV of 2.9 or less
(5-year RFS ratio 95%) and greater than 2.9 (72%), and
between tumors with GGO ratios 25% or greater (98%)
and less than 25% (79%; Figs 2A, 2B). Likewise, maxSUV



Table 2. Univariable and Multivariable Analysis Using Cox Model for Recurrence-Free Survival

Factors Favorable Unfavorable

Univariable Analysis Multivariable Analysis

Hazard Ratio (95% CI) p Value Hazard Ratio (95% CI) p Value

Age, years �65.8 >65.8 1.05 (0.63–1.76) 0.856 0.95 (0.56–1.60) 0.849
Sex Female Male 1.05 (0.62–1.76) 0.864 0.74 (0.43–1.25) 0.259
CEA, ng/mL �5 >5 1.99 (1.01–3.94) 0.048 1.04 (0.51–2.08) 0.924
Size, mm �20 >20 1.61 (0.96–2.70) 0.069 1.07 (0.63–1.82) 0.810
MaxSUV �2.9 >2.9 7.52 (4.31–13.12) <0.001 3.23 (1.76–5.93) <0.001
GGO ratio, % �25 <25 17.24 (6.24–47.60) <0.001 9.53 (3.23–28.07) <0.001

CEA ¼ carcinoembryonic antigen; CI ¼ confidence interval; GGO ¼ ground-glass opacity; maxSUV ¼ maximum standardized uptake value.
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and the GGO ratio were significant prognostic factors for
cancer-specific survival (p < 0.001; Figs 2C, 2D).

We examined the relationship between maxSUV and
GGO ratio as predictors of pathologic tumor invasiveness
and recurrence status (Table 3). We classified the patients
based on GGO ratios and maxSUV, respectively, of 25%
or greater and 2.9 or less (n ¼ 319; group 1); 25% or
greater and more than 2.9 or less than 25% and 2.9 or less
(n ¼ 152; group 2); and less than 25% and greater than 2.9
(n ¼ 139; group 3). The frequencies of lymphatic, blood
Fig 2. Recurrence-free survival (RFS) curves according to (A) maximum st
(GGO) ratio. Significant differences in RFS (p < 0.001) were identified betw
95% [solid line]) and greater than 2.9 (n ¼ 154; 5-year RFS ratio 72% [do
(n ¼ 334; 5-year RFS ratio 98% [solid line]) and less than 25% (n ¼ 276;
according to (C) maxSUV and (D) GGO ratio. Cancer-specific survival (p <

less (n ¼ 456; 5-year survival 97% [solid line]) and greater than 2.9 (n ¼ 15
ratios of 25% or greater (n ¼ 334; 5-year survival 99% [solid line]) and le
vessel, pleural, and lymph nodal involvement as well as
recurrence were stratified by this classification. The RFS
(p < 0.001) also significantly differed among the groups
(5-year RFS rates in groups 1, 2, and 3: 99%, 88%, and
70%, respectively; Fig 3). These data show that both
maxSUV and the GGO ratio, especially in combination,
are important for predicting the malignant grade of
tumors and patient prognosis. Figure 4 shows examples
of HR-CT findings and FDG-PET/CT findings of tumors
in each groups.
andardized uptake value (maxSUV) and (B) ground-glass opacity
een patients with maxSUV of 2.9 or less (n ¼ 456; 5-year RFS ratio
tted line]), and between patients with GGO ratios of 25% or more
5-year RFS ratio 79% [dotted line]). Cancer-specific survival curves
0.001) significantly differed between patients with maxSUV of 2.9 or
4; 5-year survival 80% [dotted line]), and between patients with GGO
ss than 25% (n ¼ 276, 5-year survival 86% [dotted line]).



Table 3. Relationship Between Ground-Glass Opacity Ratio and Revised Maximum Standardized Uptake Value as Predictors for
Lymphatic, Blood Vessel, and Pleural Invasion, and Lymph Node Metastasis Factors and Recurrence Status

Relationships
Lymphatic Invasion
Positive/Negative

Blood Vessel Invasion
Positive/Negative

Pleural Invasion
Positive/Negative

LN Metastasis
Positive/Negative

Recurrence
Positive/Negative

Group 1 (n ¼ 319): GGO �25%
and maxSUV �2.9

6/313 (2%) 6/313 (2%) 6/313 (2%) 3/316 (1%) 3/316 (1%)

Group 2 (n ¼ 152): GGO �25%
and maxSUV >2.9; GGO <25%
and maxSUV �2.9

29/123 (19%) 25/127 (16%) 15/137 (10%) 12/140 (8%) 16/136 (11%)

Group 3 (n ¼ 139): GGO
<25% and maxSUV >2.9

54/85 (39%) 73/66 (53%) 45/94 (32%) 26/113 (19%) 39/100 (28%)

Group 1 versus Group
2, p value

<0.001 <0.001 <0.001 <0.001 <0.001

Group 2 versus Group
3, p value

<0.001 <0.001 <0.001 0.006 <0.001

GGO ¼ ground-glass opacity; LN ¼ lymph node; maxSUV ¼ maximum standardized uptake value.
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We assessed the impact of tumor size on maxSUV and
its association with patient prognosis. The receiver-
operating characteristic curves for recurrence identified
optimal maxSUV cutoffs of 1.5 (AUC 0.722), 2.4 (AUC
0.835), 2.9 (AUC 0.862), and 4.6 (AUC 0.746), respectively,
for tumors with diameters of 15 mm or less (n ¼ 180), 15 to
20 mm (n ¼ 174), 20 to 25 mm (n ¼ 150), and greater than
25 mm (n ¼ 106). These maxSUV cutoffs for groups
classified by tumor size sharply distinguished patients at
high risk and patients at low risk for recurrence (Fig 5).
Comment

A phantom study has revealed a powerful dependence
of SUV on image resolution, noise, and region of interest
methodology [14], and SUV variability might hinder di-
rect comparisons and the interchange of results gener-
ated at different institutions. Thus, multicenter trials
should have standardized protocols for acquisition,
reconstruction, and data analysis. The phantom study of
Fig 3. Recurrence-free survival (RFS) curves
according to groups classified by maximum
standardized uptake value (maxSUV) and
ground-glass opacity (GGO) ratio: group 1
(solid line), GGO 25% or greater and
maxSUV 2.9 or less (n ¼ 319); group 2
(broken line), GGO 25% or greater and
maxSUV greater than 2.9, or GGO less than
25% and maxSUV 2.9 or less (n ¼ 152);
and group 3 (dotted line), GGO less than 25%
and maxSUV greater than 2.9 (n ¼ 139).
Significant differences in RFS ratios were
identified (p < 0.001) among groups 1, 2,
and 3 (5-year RFS 99%, 88%, and 70%,
respectively).
Westerterp and colleagues [11] discovered differences in
SUV quantitation of as much as 30% among three in-
stitutions and that recovery coefficients obtained from
each were equal to within 15% after application-specific
calibration. Characteristics of the PET scanner and its
imaging methods differ according to the model; therefore,
it results in inevitable variations in SUV quantitation. In
this regard, we believed that we could resolve those
questions by using common phantom (NEMA body
phantom) conducting imaging with clinical imaging
methods at each center, finding out the variation of SUV,
calculating correction coefficient of each scanner, and
applying them to clinical data. We attempted to overcome
these limitations by using the same or similar image
reconstruction and data analysis software and SUV revi-
sion. Therefore, the variation in this study is probably
smaller than that generated by a multiinstitution trial
with larger differences. However, some limitations persist
even under relatively more ideal circumstances and
adjustments.



Fig 4. Examples of tumors on high-resolution computed tomography and 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed
tomography (PET/CT) in each group based on (left panels) ground-glass opacity (GGO) ratio and (right panels) maximum standardized
uptake value (maxSUV): (A) 2.0 cm tumor, GGO ratio 60%, maxSUV 0.9 (group 1); (B) 2.0 cm tumor, GGO ratio 80%, maxSUV 4.0 (group 2);
(C) 2.0 cm tumor, GGO ratio 20%, maxSUV 1.4 (group 2); and (D) 2.0 cm tumor, GGO ratio 20%, maxSUV 4.0 (group 3).
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Because the frequency of detection has increased and
the size of resected lung tumors has relatively decreased,
prediction of the biological features of small adenocarci-
nomas, especially lepidic growth component, has become
important for the selection of appropriate surgical op-
tions. Among the two major histologic subtypes of non-
small cell lung cancer, maxSUV of the primary tumor is
a powerful prognostic determinant for patients with
adenocarcinoma, but not squamous cell carcinoma [15],
probably because adenocarcinomas are highly heteroge-
neous. The positive ratio of FDG uptake in adenocarci-
nomas including a lepidic growth component is lower,
and adenocarcinoma in situ is more likely to escape
detection by PET/CT. Lower metabolic activity in ade-
nocarcinomas containing a lepidic growth component
should be secondary to the slower pace of adenocarci-
noma in situ proliferation compared with other invasive
adenocarcinomas, suggesting that higher metabolic ac-
tivity is linked to more malignant aggressiveness.

Preoperative understanding of the tumor behavior is
essential to select optimal surgical strategies, particularly
radical sublobar resection of small adenocarcinomas for
patients who can tolerate lobectomy. A large-scale and
long-term multiinstitutional investigation of the malig-
nant grades of small lung cancers using PET/CT has not
been conducted, and published series [8, 9] have the
serious limitation of a short postoperative observation
period. The present findings including survival data
imply that the maxSUV and GGO ratio and their com-
bination are potentially promising determinants for sur-
gical indications. The frequency of lymphatic, vessel, or
pleural invasion was 2% among tumors with GGO of 25%
or greater and maxSUV of 2.9 or less, which accounted for
almost half (319 of 601) of all clinical T1N0M0 adenocar-
cinomas, and the 1% incidence of nodal metastasis or
recurrence suggested that sublobar resection could be
considered.
We also examined the relationship between maxSUV

and tumor size in cT1N0M0 adenocarcinomas, although
the former is a more powerful determinant for grade of
malignancy. The findings that a larger tumor is associated
with a higher maxSUV indicates that the malignant
aggressiveness of a tiny adenocarcinoma with a lower
FDG uptake should be carefully considered. For example,
a tumor approximately 10 mm in diameter with a rela-
tively low maxSUV of approximately 2.0 might have high
malignant potential. The notion that PET/CT assessment
is useless for small adenocarcinomas of the lung must be
obliterated.
To understand the underlying significance of maxSUV

for determining the malignant grade of adenocarcinoma,
the remarkable difference in the relationships between
the maxSUV and the GGO ratio to the pathologic lepidic
growth component ratio should be taken into account.



Fig 5. Recurrence-free survival (RFS) curves according to maximum standardized uptake value (maxSUV). Significant differences in RFS rates
were identified between patients with maxSUV of 1.5 or less (solid line, 5-year RFS 99%) and greater than 1.5 (dotted line, 5-year RFS 86%),
between patients with maxSUV of 2.4 or less (solid line, 5-year RFS 97%) and greater than 2.4 (dotted line, 5-year RFS 68%), between patients
with maxSUV of 2.9 or less (solid line, 5-year RFS 98%) and greater than 2.9 (dotted line, 5-year RFS 65%), and between patients with maxSUV of
4.6 or less (olid line, 5-year RFS 92%) and greater than 4.6 (dotted line, 5-year RFS 67%), in adenocarcinomas of (A) 15 mm or less, (B) 15 to 20
mm or less, (C) 20 to 25 mm or less, and (D) greater than 25 mm, respectively.
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We emphasize that the extent of GGO areas on radio-
graphic findings closely correlated with pathologic find-
ings of lepidic growth, although maxSUV was less
associated with the lepidic growth proportion, that is,
more independent of the lepidic growth component. This
discrepancy can explain why the combination of the
maxSUV and GGO ratio is a vital predictor of the grade of
tumor malignancy.

In conclusion, the combination of maxSUV and GGO
ratio, as well as each alone, are important predictors of
prognosis for patients with clinical stage IA adenocarci-
noma of the lung and should be considered before
selecting therapeutic strategies.
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INVITED COMMENTARY
Uehara and colleagues [1] provide insight into the parallel
between computed tomography (CT) morphology and
positron emission tomography (PET) maximum stan-
dardized uptake value (maxSUV), suggesting increased
virulence in small lung adenocarcinomas, usually asso-
ciated with excellent prognosis. This prognostic associa-
tion of lower ground glass opacity (GGO) ratio and
increased maxSUV has not been clearly appreciated in
the literature. We salute the researchers’ efforts in
bringing this point forward in a convincing way. We are,
however, concerned with the “patient data set” and the
investigational methodology of this work. We are also
perplexed by the treatment recommendations of these
small, modestly PET positive lesions.

Patient data set concerns relate to the absence of a true
patient “denominator” in this multiinstitutional exper-
iuence with high-resolution CT and PET imaging. What
of similar pulmonary lesions that were followed rather
than operated upon? What is the prognosis for patients
either observed or operated on at a later date, once tumor
growth was appreciated? How many of these presumed
“high risk” pulmonary lesions were actually found to be
benign, false positive resections. Finally, it appears that
both stage 1A and stage 1B patients were grouped into
this analysis.

Methodology concerns relate to the relatively low
maxSUV values presumed to be indicative of aggres-
siveness, and the means of standardizing maxSUV be-
tween different institutions is suspect to us. The
subjective estimate of GGO ratio gives no description of
standardization by computer programming or central
interpretation. Also, how was the intermediate risk
“group 2” established and validated?

How do we use this information? Can we observe low
risk nodules primarily until change is noted, and recom-
mend early resection for high risk nodules? Vital infor-
mation regarding the lesion “denominators,” including
benign and malignant lesions, is missing in this analysis.
The survival difference between cautious “watching and
waiting” and immediate resection of these lesions is not
known.
Small adenocarcinomas with low GGO ratios and

modestly high PET maxSUV may be more aggressive;
however, we cannot accept the investigators’ “leap of
faith” that more aggressive pulmonary resection will
improve survival. Their suggestion that lobectomy is a
preferred treatment option for these small adenocarci-
nomas is contrary to their earlier work and ours
demonstrating equivalent survival with anatomic seg-
mentectomy or lobectomy for stage 1A lung cancer [2, 3].
Adjuvant chemotherapy for such stage 1 patients is un-
substantiated; however, we support further investigation.
So what now?
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