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Relationship between 18F-FDG PET/CT Semi-Quantitative 
Parameters and International Association for the Study 
of Lung Cancer, American Thoracic Society/European 
Respiratory Society Classification in Lung 
Adenocarcinomas
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Objective: To investigate the relationship between 18F-FDG PET/CT semi-quantitative parameters and the International 
Association for the Study of Lung Cancer, American Thoracic Society/European Respiratory Society (IASLC/ATS/ERS) 
histopathologic classification, including histological subtypes, proliferation activity, and somatic mutations.
Materials and Methods: This retrospective study included 419 patients (150 males, 269 females; median age, 59.0 years; 
age range, 23.0–84.0 years) who had undergone surgical removal of stage IA–IIIA lung adenocarcinoma and had preoperative 
PET/CT data of lung tumors. The maximum standardized uptake values (SUVmax), background-subtracted volume (BSV), and 
background-subtracted lesion activity (BSL) derived from PET/CT were measured. The IASLC/ATS/ERS subtypes, Ki67 score, 
and epidermal growth factor/anaplastic lymphoma kinase (EGFR/ALK) mutation status were evaluated. The PET/CT semi-
quantitative parameters were compared between the tumor subtypes using the Mann–Whitney U test or the Kruskal–Wallis 
test. The optimum cutoff values of the PET/CT semi-quantitative parameters for distinguishing the IASLC/ATS/ERS subtypes 
were calculated using receiver operating characteristic curve analysis. The correlation between the PET/CT semi-quantitative 
parameters and pathological parameters was analyzed using Spearman’s correlation. Statistical significance was set at p < 0.05.
Results: SUVmax, BSV, and BSL values were significantly higher in invasive adenocarcinoma (IA) than in minimally IA (MIA), 
and the values were higher in MIA than in adenocarcinoma in situ (AIS) (all p < 0.05). Remarkably, an SUVmax of 0.90 and a 
BSL of 3.62 were shown to be the optimal cutoff values for differentiating MIA from AIS, manifesting as pure ground-glass 
nodules with 100% sensitivity and specificity. Metabolic-volumetric parameters (BSV and BSL) were better potential 
independent factors than metabolic parameters (SUVmax) in differentiating growth patterns. SUVmax and BSL, rather than 
BSV, were strongly or moderately correlated with Ki67 in most subtypes, except for the micropapillary and solid predominant 
groups. PET/CT parameters were not correlated with EGFR/ALK mutation status.
Conclusion: As noninvasive surrogates, preoperative PET/CT semi-quantitative parameters could imply IASLC/ATS/ERS 
subtypes and Ki67 index and thus may contribute to improved management of precise surgery and postoperative adjuvant 
therapy.
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INTRODUCTION

Adenocarcinoma is the most frequent histologic type of 
lung cancer, accounting for approximately 50% of non-
small cell lung cancers (NSCLCs) [1]. The management 
and prognosis of lung adenocarcinoma depend on stage, 
histopathologic subtype, proliferation ability, and somatic 
mutations. According to the National Comprehensive 
Cancer Network (NCCN) Guideline Version 2.2020, for the 
treatment of lung adenocarcinoma, curative intent surgery 
is recommended for stage I–IIIA [2]. Accurate preoperative 
tumor staging is a prerequisite for successful operation. 
However, even if patients present with the same TNM stage, 
the prognosis after surgical resection varies greatly, raising 
the need for a precise preoperative classification. Together 
with the advent of personalized surgery and precise 
postoperative adjuvant therapy, the requirements are even 
stronger.

Traditional pathological classification has limited 
direction for surgery or postoperative adjuvant therapy 
because the terms bronchioloalveolar carcinoma and 
mixed subtype could not address the complex histological 
heterogeneity of lung adenocarcinoma [3]. The International 
Association for the Study of Lung Cancer, American Thoracic 
Society/European Respiratory Society (IASLC/ATS/ERS) 
classification made a distinction between preinvasive 
lesions (adenocarcinoma in situ, AIS) and minimally 
invasive adenocarcinoma (MIA) and IA, in part presenting 
substages of adenocarcinoma within the same stage [4]. 
Furthermore, IA was subclassified by its predominant 
pattern as lepidic, acinar, papillary, micropapillary, and 
solid, in part presenting consecutive tumor stepwise 
progression of lung adenocarcinoma [5]. Furthermore, the 
IASLC/ETS/ERS classification stressed proliferation activity 
and gene mutation state testing to improve molecular 
and prognostic correlations. To date, the IASLC/ETS/ERS 
classification could be considered a TNM-independent 
prognostic indicator [6-8], and there is a compelling need 
to develop preoperative noninvasive imaging surrogates.

Noninvasive 18F-FDG PET/CT imaging of fluorodeoxyglucose 
is widely used for staging and restaging of lung cancer, as 
recommended by the NCCN guidelines [2]. The metabolic 
features and characteristics captured in PET images may 
also indicate the underlying histopathologic classification 
associated with tumor biology [9]. Previous studies 
have demonstrated associations between the maximal 
standardized uptake value (SUVmax) and IASLC/ATS/

ERS subtypes in lung adenocarcinoma [9,10]. However, 
the results were inconclusive. Some of the reasons may 
be the fact that the single-voxel-based SUVmax measures 
demonstrate the tumor pixel with the highest uptake rather 
than the whole tumor [11-13]. Alternative quantitative 
metrics that consider not only SUVmax but also tracer 
uptake throughout the entire lesion have been proposed, 
such as metabolic tumor volume (MTV), which is defined 
as the total number of voxels within a volume of interest 
that have uptake above a predetermined SUV threshold, and 
total lesion glycolysis (TLG), calculated as MTV x SUVmean. 
Recent studies have identified volumetric parameters (MTV 
and TLG) as significant independent variables in predicting 
histological subtypes of esophageal cancer and other 
tumors [13-15]. However, MTV or TLG do not consider 
background activity; therefore, they are not accurate 
enough to delineate the boundaries of spatial heterogeneity 
intratumor or metabolically active tumor volume, especially 
for ground-glass nodules (GGN). Background-subtracted 
lesion activity (BSL) or background-subtracted volume (BSV) 
may be more informative to improve histological subtype 
classification [16-18].

This study aimed to investigate the relationship between 
PET semi-quantitative parameters (SUVmax, BSV, and BSL) 
and IASLC/ETS/ERS subtypes, Ki67 scores, and epidermal 
growth factor (EGFR) or anaplastic lymphoma kinase (ALK) 
mutation status using surgically resected specimens in a 
sizable cohort of lung adenocarcinoma.

MATERIALS AND METHODS

Patients
The ethics committee of Renmin Hospital of Wuhan 

University approved the protocol of this retrospective study 
and waived the requirement of obtaining informed consent 
(IRB No. 2019-X-70). From March 2011 to December 
2019, consecutive patients with newly diagnosed lung 
adenocarcinoma who underwent 18F-FDG PET/CT before 
surgery were enrolled. General and clinicopathological 
parameters including age, sex, shape of lung lesions, 
tumor diameter, and clinical TNM stage and IASLC/ATS/
ERS histologic subtypes at the initial staging PET/CT 
examination were obtained.

The inclusion criteria were single pulmonary nodule 
on PET/CT, high resolution CT (HRCT); thickness: 1 mm, 
therapeutic tumor resection within 1 month, postoperative 
pathologic analysis confirming clinical stage IA–IIIA 
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adenocarcinoma, and no history of severe liver disease, 
diabetes mellitus, or cancer. The exclusion criteria were any 
antitumor therapy, lesions that were difficult to measure, 
or poor image quality. A total of 527 patients were initially 
enrolled, and 108 patients were excluded from the analysis; 
95 received antitumor treatment, eight had lesions that 
were difficult to measure, and five had poor image quality. 
A total of 419 patients were included in the study.

 
18F-FDG PET/CT Acquisition and Imaging Evaluation

All patients underwent staging 18F-FDG PET/CT before 
surgery (see Supplement for details). All PET/CT and 
HRCT images were visually and semi-quantitatively 
reviewed independently by two experienced nuclear 
medicine physicians and radiologists with many years of 
experience in chest image interpretation and general PET/
CT on an Advantage Workstation (AW) 4.6 postprocessing 
workstation. A consensus was reached by discussion with 
two more experienced nuclear medicine physicians and one 
thoracic specialist in case of disagreement. The percentage 
of disagreement between the two readers was 10.9%.

Considering the impact of background, location of the 
lesion, motion artifacts, or image noise, the metabolic 
active volume of the primary tumor was delineated using 
a background-adaptive method as previously reported [18-
22]. Within the selected volume of interest, BSV and BSL 

were computed automatically using a GE AW 4.6. Tumor 
dimensions and morphological features were extracted from 
the HRCT images.

Histological Confirmation, Tumor Grading, and Molecular 
Analysis

Primary tumor resection specimens were used to 
determine each tumor’s histological subtype, the 
immunohistochemical index ratio of Ki67 (Ki67%), EGFR, 
and ALK mutation status using SNaPshot [23]. Histological 
subtypes of lung adenocarcinoma were classified according 
to the 2011 IASLC/ATS/ERS classification. Tumor staging 
at diagnosis was determined based on surgical pathology 
and PET/CT images. Ki67 is a nuclear protein common 
to proliferating human cells and can be detected 
immunohistochemically using the monoclonal antibody 
MIB-1. Advanced genetic analysis of the EGFR and ALK 
mutations, which were classified as positive or negative, 
was available in a subgroup of 194 and 287 patients, 
respectively. See Supplement for further details.

Statistical Analysis
Statistical analysis was performed using IBM SPSS 

Statistics for Windows (version 23.0; IBM Corp.). Qualitative 
variables were summarized using percentages, frequency, 
and quantitative variables using mean ± standard deviation. 

Table 2. Association between Clinicopathological Variables and PET/CT Semi-Quantitative Parameters
Characteristics SUVmax P BSV P BSL P

Sex < 0.001 0.098 < 0.001
Male 7.9 ± 5.1 13.8 ± 21.9 80.8 ± 225.9
Female 5.1 ± 4.6 10.3 ± 13.4 31.0 ± 66.0

Tumor stage < 0.001 < 0.001 < 0.001
IA 4.5 ± 3.9 6.9 ± 6.7 14.6 ± 18.2
IB + IIA 7.6 ± 4.7 19.6 ± 8.8 72.2 ± 58.9
IIB + IIIA 11.9 ± 4.6 26.4 ± 33.3 177.8 ± 318.2

Tumor size, cm < 0.001 < 0.001 < 0.001
≤ 3 4.9 ± 4.1 7.0 ± 6.4 17.7 ± 20.8
> 3 10.1 ± 5.4 29.3 ± 29.3 169.4 ± 293.0

Lymphatic metastasis < 0.001 0.123 < 0.001
Negative 5.0 ± 4.3 11.5 ± 17.9 44.2 ± 159.0
Positive 11.2 ± 4.5 11.7 ± 12.4 68.9 ± 70.2

Lung lesion patterns < 0.001 0.000 0.000
Pure GGN 1.3 ± 0.7 4.7 ± 6.6 6.4 ± 7.0
Subsolid nodules 2.3 ± 2.1 9.8 ± 8.5 11.3 ± 10.8
Solid nodule 5.9 ± 4.1 6.9 ± 6.1 18.5 ± 17.8
Mass 11.1 ± 5.0 27.7 ± 29.2 168.9 ± 285.7

Data are mean ± standard deviation. BSL = background subtracted lesion activity, BSV = background subtracted volume, GGN = ground-
glass nodule, SUVmax = maximum standardized uptake value
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Comparisons were performed using the Mann–Whitney U 
test to compare two groups and the Kruskal–Wallis test 
to compare multiple groups. The optimum cutoff point 
of PET/CT semi-quantitative parameters was calculated 
using the receiver operating characteristic curve analysis 
to differentiate between the IASLC/ATS/ERS subtypes. 
Spearman’s coefficient was used for the correlation analysis. 
Statistical significance was set at p < 0.05.

RESULTS

General, Clinicopathological, and PET/CT Semi-Quantitative 
Parameters and EGFR/ALK Mutation Status

Demographic data, clinicopathological, and PET/
CT semi-quantitative parameters in 419 IA–IIIA lung 
adenocarcinoma patients with different subtypes are 
summarized in Table 1. In detail, 419 lung adenocarcinoma 
lesions (37 pure GGN, 54 subsolid nodules, 238 solid 
nodules, and 90 mass-forming) were included from 419 
patients (150 males, 269 females; median age: 59.0 years; 
range, 23.0–84.0 years). The median diameter of the tumor 
was 2.0 cm (range, 0.4–7.5 cm). The tumor stage was as 
follows: stage I (n = 329, 78.5%) (IA1: n = 40; IA2: n = 
175; IA3: n = 88; IB: n = 26), stage II (n = 46, 11.0%) (IIA: 
n = 18; IIB: n = 28), and stage IIIA (n = 44, 10.5%). The 
419 tumors can be categorized into one of the subtypes 
of adenocarcinoma (22 AIS, 37 MIA, 322 IA, and 38 
variants of IA, including seven intestinal adenocarcinomas 
and 31 mucinous adenocarcinomas). IA lesions were 
subclassified into the following subtypes: 60 (18.6%) 
lepidic-dominant adenocarcinoma, 202 (62.7%) acinar-
dominant adenocarcinoma, 22 (6.8%) papillary-dominant 
adenocarcinoma, 30 (9.3%) solid-dominant adenocarcinoma, 
and 8 (2.5%) micropapillary adenocarcinoma. The median 
value of the hotspot Ki67 index was 17.4% (range, 1%–88%). 
18F-FDG PET/CT was performed before the operation in a 
median of 14 days (range, 1–30 days). The median SUVmax 
was 4.2 (range, 0.6–20.5), the median BSV was 6.5 cm3 
(range, 0.6–166.0 cm3), and the median BSL was 14.6 x 103 g 
(range, 1.2 x 103–188.6 x 103 g).

Association between Clinicopathological Variables and 
PET/CT Semi-Quantitative Parameters

We investigated the influence of clinicopathological 
factors on PET/CT semi-quantitative parameters (Table 2) 
and found that all clinicopathological parameters (except 
age) were significantly associated with SUVmax, BSV, 

and BSL. In detail, all variables were higher in males, 
in large-diameter pulmonary lesions (≥ 3 cm), compared 
with their corresponding cohorts. All variables of PET/
CT semi-quantitative parameters increased with tumor 
stage. According to the shape of the lesions, the values 
of SUVmax, BSV, and BSL went as mass > solid nodules > 
subsolid nodules > pure GGN. Almost all clinicopathological 
variables could be interpreted by differences in tumor stage 
and classification. 

Comparison of PET/CT Semi-Quantitative Parameters 
between IASLC/ATS/ERS Subgroups

We evaluated the association of PET/CT semi-quantitative 

Fig. 1. Box plots showing the distribution of semi-
quantitatively parameters of PET/CT associated with the 
histological subtype of adenocarcinoma (A-C). A = acinar 
predominant adenocarcinoma, AIS = adenocarcinoma in situ, BSL = 
background subtracted lesion activity, BSV = background subtracted volume, 
L = lepidic predominant adenocarcinoma, MIA = minimally invasive 
adenocarcinoma, P = papillary predominant adenocarcinoma, SUVmax = 
maximum standardized uptake value, S + M = solid and micropapillary 
predominant adenocarcinoma, V = variant adenocarcinoma
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parameters and the degree of tumor invasiveness (Fig. 1, 
Table 3), and found that SUVmax, BSV, and BSL values were 
significantly higher in IA (median: SUVmax, 6.8; BSV, 10.9 
cm3; BSL, 37.8 x 103 g) than in MIA (median: SUVmax, 1.9; 
BSV, 4.5 cm3; BSL, 6.9 x 103 g), and the latter were higher 
than those in AIS (median: SUVmax, 1.0; BSV, 1.6 cm3; BSL, 
2.1 x 103 g; all p < 0.05) (Fig. 2, Table 3).

Furthermore, PET/CT semi-quantitative parameters 
were compared between the different growth patterns 
(Supplementary Fig. 1, Tables 3, 4). All lepidic growth 
subtypes, including AIS, MIA, and lepidic predominant 
adenocarcinoma, had significantly lower SUVmax, BSV, 
and BSL values than the invasive non-lepidic growth 
subtypes (all p < 0.05) (Table 3). Lepidic predominant 
adenocarcinoma has the lowest SUVmax, BSV and BSL values, 
while solid predominant or micropapillary adenocarcinoma 
has the highest among invasive growth pattern-specific 
subtypes. PET/CT semi-quantitative parameters in AIS or 
MIA were lower than those in the lepidic predominant group 
(p < 0.01) (Table 3). Remarkably, an SUVmax of 0.90 and 
a BSL of 3.62 x 103 g were shown to be the optimal cutoff 
values to differentiate MIA from AIS that manifest as pure 
GGN with 100% sensitivity and specificity, with an area 
under the curve (AUC) of 1 (Table 4).

As presented in Table 3, volumetric parameters (BSV 
and BSL) were better potential independent factors than 

metabolic parameters (SUVmax) to distinguish growth 
patterns, especially for well-differentiated (AIS, MIA) 
or moderately differentiated adenocarcinoma (lepidic 
predominant, acinar predominant, papillary predominant) 
(all p < 0.05). However, SUVmax, BSV, and BSL could 
not distinguish between poorly differentiated (solid 
predominant and micropapillary adenocarcinoma) and 
papillary predominant.

We noticed that BSV and BSL could discriminate between 
acinar predominant and papillary predominant subtypes 
(AUCBSV = 0.804; AUCBSL = 0.718), which have similar 
biological behaviors.

However, the data for the variant subtypes were 
complicated. It was clear that the variant adenocarcinoma 
had a higher BSV than any other histological subtype, 
although no statistically significant differences were 
observed between the papillary predominant and variant 
groups (Supplementary Fig. 2, Table 3). Combining its 
significantly high BSV with inherent PET/CT imaging 
features may provide an important reference for the 
diagnosis of variant adenocarcinomas.

Correlation between PET/CT Semi-Quantitative Parameters 
and Proliferation Index Ki67 in Primary Tumors

Table 5 shows Spearman’s rank correlation results between 
the PET/CT semi-quantitative parameters and Ki67 value. In 

Table 3. Pairwise Comparisons of PET Semi-Quantitatively Parameters between Different Subgroups

Subgroups
SUVmax BSV BSL

Mean P Mean P Mean P
AIS vs. MIA 1.0 vs. 1.9 0.001 1.6 vs. 4.5 < 0.001 2.1 vs. 6.9 < 0.001
AIS vs. IA 1.0 vs. 6.8 0.000 1.6 vs. 10.9 < 0.001 2.1 vs. 37.8 < 0.001
MIA vs. IA 1.9 vs. 6.8 0.000 4.5 vs. 10.9 < 0.001 6.9 vs. 37.8 < 0.001
AIS vs. L 1.0 vs. 3.7 0.000 1.6 vs. 10.5 < 0.001 2.1 vs. 18.9 < 0.001
MIA vs. L 1.9 vs. 3.7 0.005 4.5 vs. 10.5 < 0.001 6.9 vs. 18.9 0.005
M vs. S 13.1 vs. 11.3 0.413 14.3 vs. 9.7 0.907 106.1 vs. 63.2 0.516
L vs. A 3.7 vs. 6.9 0.000 10.5 vs. 9.0 0.073 18.9 vs. 29.0 0.015
L vs. P 3.7 vs. 5.3 0.059 10.5 vs. 25.7 0.005 18.9 vs. 67.3 < 0.001
L vs. S + M 3.7 vs. 11.7 0.000 10.5 vs. 13.4 0.038 18.9 vs. 97.1 < 0.001
L vs. V 3.7 vs. 7.9 0.000 10.5 vs. 30.9 0.019 18.9 vs. 209.9 < 0.001
A vs. P 6.9 vs. 5.3 0.107 9.0 vs. 12.3 < 0.001 29.0 vs. 67.3 0.003
A vs. S + M 6.9 vs. 11.7 0.000 9.0 vs. 13.4 0.008 29.0 vs. 97.1 < 0.001
A vs. V 6.9 vs. 7.9 0.231 9.0 vs. 30.9 < 0.001 29.0 vs. 209.9 0.002
P vs. S + M 5.3 vs. 11.7 0.000 25.7 vs. 13.4 0.385 67.3 vs. 97.1 0.932
P vs. V 5.3 vs. 7.9 0.052 25.7 vs. 30.9 0.433 67.3 vs. 209.9 0.689
S + M vs. V 11.7 vs. 7.9 0.004 13.4 vs. 30.9 0.066 97.1 vs. 209.9 0.713

A = acinar predominant adenocarcinoma, AIS = adenocarcinoma in situ, BSL = background subtracted lesion activity, BSV = background 
subtracted volume, L = lepidic predominant adenocarcinoma, M = micropapillary adenocarcinoma, MIA = minimally invasive 
adenocarcinoma, P = papillary predominant adenocarcinoma, S = solid predominant adenocarcinoma, SUVmax = maximum standardized 
uptake value, S + M = solid predominant and micropapillary adenocarcinoma, V = variant adenocarcinoma
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all patients, semi-quantitative parameters (SUVmax, BSL, 
and BSV) derived from PET/CT were moderately or weakly 
related to the Ki67 value (ρ = 0.529, 0.375, and 0.474, 
respectively; p < 0.001). Metabolic parameters (SUVmax), 
rather than volumetric parameters (BSL and BSV), were 
correlated with Ki67 in almost all subtypes, except MIA 
(all p > 0.05). Impressively, BSV and BSL did not have 
a correlation with Ki67 in the micropapillary + solid 

predominant group.

Association between PET/CT Semi-Quantitative Parameters 
and EGFR/ALK Mutations in Primary Tumors

As shown in Table 1, the EGFR and ALK mutation rates 
were 78.9% and 3.5%, respectively. The rates according 
to the IASLC/ATS/ERS histological classification are 
also provided in Table1. We did not find any association 

Fig. 2. CT, PET, and PET/CT of AIS, MIA and invasive adenocarcinoma with low FDG uptake. 
A-C. Axial HRCT scan, PET, and PET/CT of adenocarcinoma in situ (A), minimally invasive adenocarcinoma (B), and invasive adenocarcinoma with 
predominant lepidic pattern (C) manifesting as pure ground-glass nodule with maximum standardized uptake value values of 0.7, 1.2, and 1.5, 
respectively. The corresponding Ki67 index of each subtype of lepidic growth subtype is 5%, 10%, and 15%, respectively.

A

B

C
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between PET/CT semi-quantitative parameters and EGFR/
ALK mutation status (Supplementary Table 1). There was 
no significant difference in PET/CT semi-quantitative 
parameters between the EGFR wild-type and EGFR mutant 
groups or between the ALK-positive and-negative groups.

DISCUSSION

According to the IASLC/ATS/ERS classification, lung 
adenocarcinoma is classified into more specific types 
and subtypes with different degrees of invasion and 
growth patterns, which present consecutive substages of 
lung adenocarcinoma. This spectrum of subtypes can be 
translated into various PET/CT presentations and features.

In this study, we found that PET semi-quantitative 
parameters can be used as noninvasive imaging surrogates 
to distinguish between MIA and IA (Fig. 2), which is 
consistent with several previous studies [24-26]. Notably, 
PET semi-quantitative parameters have the capability 
to differentiate AIS from MIA (p < 0.05), especially for 
persistent pure GGN lesions. Generally, on HRCT images, 
persistent pure GGN lesions are believed to correspond 
mainly to AIS and MIA in IALSC/ATS/ERS adenocarcinoma 
classification studies [27,28]; however, the difference 
in PET parameters was not so definite. In this study, 
SUVmax, BSV, and BSL values were significantly higher 
in the MIA group than in the AIS group (Fig. 1, Table 3). 
An SUVmax of 0.90 and a BSL of 3.62 were shown to 
be the optimal cutoff values to differentiate MIA from 
AIS manifesting as pure GGN with 100% sensitivity and 
specificity. Our analysis yielded the highest AUCs of 1.0 
in the aforementioned studies. Our result is not aligned 
with the previous study by Nakamura et al. [10], in which 
there were no significant differences in SUVmax between 
the MIA and AIS groups. One possible reason is that the 
number of patients included in the study by Nakamura et al. 
[10] was not large enough compared with our study. Their 
study included 14 patients with MIA and 12 patients with 
AIS, while our cohort included 37 patients with MIA and 
22 patients with AIS. Another possible reason is that we 
implemented a more accurate background-adaptive method 
to determine SUVmax, BSL, and BSV, in which tumor 
activity is considered regardless of location. Preoperative 
discrimination between AIS and MIA by PET/CT may help 
in the choice of operation method. Limited resection, the 
“sublobar” resection comprising anatomical segmentectomy 
or wedge excision, is recommended for AIS lesions, while Ta
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segmentectomy is recommended for MIA lesions. Regarding 
IA, lobectomy and systematic nodal dissection are generally 
recommended regardless of the IASLC/ATS/ERS classification 
subtypes.

We also observed the highest SUVmax in solid 
predominant adenocarcinoma and the lowest in lepidic 
predominant adenocarcinoma when investigating the five 
subtypes of IA, which is consistent with previous studies 
[29,30]. We also observed another impressive finding that 
BSV and BSL were better potential independent factors than 
SUVmax in differentiating growth patterns. Strong evidence 
to support the conclusion is that BSV and BSL values may be 
sufficient to differentiate acinar predominant from papillary 
predominant (p < 0.05), which are indistinguishable 
from SUVmax. Furthermore, our results showed that BSV 
in variant adenocarcinoma was significantly higher than 
in the others, which was first reported. The reasons may 
be partially due to tumor heterogeneity, partial volume 
effect, and biological tumor volume may hinder the exact 
assessment of tumor characteristics using SUVmax. Tumor 
invasiveness, heterogeneity, and cellularity as determinants 
of growth patterns could be reflected by biological tumor 
volume [15,31,32]. The metabolo-volumetric parameters, 
especially BSV, show the metabolically active component 
through the tumor volume and accurately define the 
biological tumor volume on PET images.

In many previous studies, SUVmax was reported to be 
positively correlated with Ki67 expression in patients 
with NSCLC [33-35]. However, no studies have focused 
on the correlation between glucose metabolism and 
Ki67 in lung adenocarcinoma. This study represents the 
relationship between the Ki67 score and 18F-FDG uptake 
in lung adenocarcinoma across IASLC/ETS/ERS subtypes. 

Our results suggested that metabolic parameters (SUVmax) 
were moderately correlated with the Ki67 index (mean 
and hotspot), whereas volumetric PET parameters (BSV) 
showed a weaker correlation. This effect is possibly due 
to the increased glucose uptake in highly proliferative 
cancers, resulting in high levels of SUVmax. Consistent 
with our findings, a high 18F-FDG avidity (SUVmax) was 
reported to be significantly associated with a high Ki67 
index in breast cancer [36-38], gliomas [39], and lymphoma 
[40]. When analyzing different histological subtypes, we 
found that better-differentiated lung adenocarcinoma 
(papillary, acinar, lepidic adenocarcinoma, and variant 
adenocarcinoma) had a better correlation between Ki67 
and PET semi-quantitative parameters than more poorly 
differentiated ones (micropapillary and solid predominant 
adenocarcinoma). The results may be explained by the 
higher intratumor heterogeneity, higher complexity of the 
intertumor microenvironment, and intercomponents in 
poorly differentiated adenocarcinoma.

Previous studies have investigated positive associations 
between PET semi-quantitative parameters and EGFR/ALK 
mutations in NSCLC [41-43], including adenocarcinoma 
[44,45]. In this study, our results on the distribution 
of the EGFR and ALK mutation status of each lung 
adenocarcinoma subtype are in line with those of other 
studies [46]. However, we found contradictory results from 
previous reports that PET semi-quantitative parameters 
were not correlated with EGFR/ALK mutation status in 
lung adenocarcinoma. Some of the reasons may be the 
result of highly heterogeneous histological subgroups. The 
relationship between EGFR mutation status and metabolic 
activity in lung adenocarcinoma needs to be validated in a 
larger cohort or a multicenter study.

Table 5. Correlation between Semi-Quantitatively Parameters of PET/CT and Ki67 Scores for Histological Subtypes

Characteristics Ki67 (Median, Range)
Correlation with Ki67*

SUVmax BSV BSL
AIS   4.8 (1–10) 0.818 (0.002) 0.131 (0.670) 0.229 (0.452)
MIA   7.8 (5–20) -0.281 (0.465) -0.205 (0.568) -0.115 (0.768)
Lepidic 10.0 (2–30) 0.360 (0.014) 0.401 (0.006) 0.459 (0.001)
Acinar 19.4 (1–88) 0.481 (< 0.001) 0.296 (0.007) 0.584 (< 0.001)
Papillary   9.4 (2–30) 0.778 (< 0.001) -0.393 (0.087) -0.215 (0.362)
Micropapillary + solid 16.3 (2–30) 0.361 (0.024) -0.366 (0.163) 0.073 (0.788)
Variants 20.1 (2–80) 0.440 (0.015) 0.527 (0.003) 0.577 (0.001)
All 18.2 (1–88) 0.529 (< 0.001) 0.375 (< 0.001) 0.474 (< 0.001)

*Data are Spearman correlation coefficients with the corresponding p values in parentheses. AIS = adenocarcinoma in situ, BSL = 
background subtracted lesion activity, BSV = background subtracted volume, MIA = minimally invasive adenocarcinoma, SUVmax = 
maximum standardized uptake value
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This study had some limitations. First, although this study 
included over 400 patients, the sample size of each group 
was not large enough. In the future, we need to continuously 
increase the sample size to give much more power to the 
18F-FDG metabolic characteristics to identify each IASLC/
ATS/ERS lung adenocarcinoma subtype. Second, the clinical 
implications of preoperative prediction of IASLC/ATS/
ERS classification using 18F-FDG PET/CT semi-quantitative 
parameters in guiding postoperative neoadjuvant therapy 
need to be validated in a large cohort in the future.

In conclusion, PET/CT semi-quantitative parameters 
can differentiate AIS, MIA, and IA. Volumetric parameters 
(BSV) and metabolic parameters (SUVmax) may reflect 
different growth patterns across subtypes and proliferative 
activity, respectively, while metabolo-volumetric parameters 
(BSL) may reflect both well. As noninvasive surrogates, 
preoperative PET/CT semi-quantitative parameters could 
imply IASLC/ATS/ERS subtypes and Ki67 index and thus may 
contribute to improved management of precise surgery and 
postoperative adjuvant therapy.
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