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Abstract: Quantitative analysis of glucose consumption measured by maximum standardized uptake value (SU-
Vmax) in lung adenocarcinoma (LA) remains in discussion and metabolic information provided by FDG-PET is not 
included in cancer staging. The first aim of this work was to evaluate the correlation between SUVmax and different 
histologic subtypes of LA. The second aim was to establish the correlation between SUVmax and TNM, genetic mu-
tations and prognostic. Glucose consumption of primary tumor was quantified using SUVmax in 112 patients with 
histologically-confirmed LA. Specimens were classified according to the IASLC/ATS/ERS into in situ -AIS-, minimally 
invasive -MIA-, invasive (lepidic, papillary, acinar, solid and micropapillary) and invasive mucinous adenocarcinoma. 
Tumors were grouped according to three histological grades; low-grade: AIS, MIA, intermediate-grade: lepidic, acinar, 
papillary and high-grade: micropapillary, solid and mucinous. Comparisons between SUVmax and histologic sub-
types were performed with Kruskal-Wallis followed by a Dunn’s test. Overall (OS) and disease-free survival (DFS) 
were calculated. SUVmax was histologically-dependent (P<0.001): AIS 0.5±0.1, MIA 1.1±0.9 lepidic 3.3±3.1, acinar 
8.6±6.7, papillary 3.9±5.1, micropapillary 4.9±3.4, solid 10.4±5.4 and invasive mucinous 2.7±1.2. SUVmax was 
associated with TNM stage in stage IA and IB. SUVmax was significantly lower in patients with K-RAS and EGFR 
mutation. Low SUVmax was associated with low-grade histology and with a higher OS and DSF compared to high 
SUVmax (intermediate and high-grade histology). SUVmax on FDG-PET is a powerful information in the presurgical 
evaluation of LA patients. It provides prognostic data and should be considered in the staging algorithm of patients 
with LA.
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Introduction

Lung cancer is the leading cause of cancer-
related mortality worldwide and lung adenocar-
cinoma (LA) is the most frequently diagnosed 
subtype. Nowadays TNM stage is the strongest 
prognostic factor of LA and the main tool to  
tailor treatment. Traditionally LA staging has 
been mainly based on morphological criteria, 
although it is well known the importance of 
metabolic aspects in the cancer process [1, 2]. 
18F-fluorodeoxyglucose positron emission to- 
mography (18F-FDG-PET) has been included in 
the evaluation of lung cancer patients because 

of the key role of this technique in the detection 
of nodal and distance metastases [3-6].

LA is an example of tumor heterogeneity, with 
different cell subtypes coexisting within the 
same tumor, with different behaviours and dif-
ferent treatment outcomes. Quantitative analy-
sis obtained with 18F-FDG-PET could be useful 
information in the process of characterizing 
tumor heterogeneity.

Otto Warburg in 1924 described the increased 
uptake of glucose in the presence of oxygen by 
tumor cells, (“Warburg effect” or aerobic glycol-
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ysis) [7, 8]. Since then we have come a long way 
to integrate changes in glucose metabolism by 
tumor cells in the clinical study of the oncologi-
cal patient.

18F-FDG-PET is a molecular “in vivo” imaging 
technique used in the evaluation of oncological 
patients. FDG is a glucose analogue that is 
uptaked by tumor cells proportionally to their 
glucose consumption, which is increased fol-
lowing the Warburg effect. This metabolic infor-
mation has been correlated with cell differenti-
ation [9], proliferation [10], genetic expression 
[11], circulating tumor cells [12], hypoxia [13] 
and prognosis [14-18]. The maximum standard 
uptake value (SUVmax) is a widely used param-
eter to quantify glucose consumption by tumor 
cells.

The landscape of lung cancer pathology has 
been dramatically improved over the past 
decade, and is now driven by the principles of 
personalized medicine and genetics. In 2011, 
the International Association for the Study of 
Lung Cancer (ASLC), the American Thoracic 
Society (ATS) and the European Respiratory 
Society (ERS) proposed a new histological clas-
sification of lung adenocarcinoma. One of the 
significant changes of this new classification 
was that invasive adenocarcinomas are classi-
fied according to the predominant pattern after 
the use of comprehensive histologic subtyping 
to estimate the percentages of the various 
components in a semiquantitative fashion in 
5%-10% increments. The recognition patterns 
of adenocarcinoma are lepidic, acinar, papil-
lary, and solid [19, 20]. Some studies have 
shown a correlation between histological sub-
types of LA by IASLC/ATS/ERS classification 
and glucose consumption of the tumor, mea-
sured by FDG-PET. Moreover some studies 
have demonstrated that it is feasible to estab-
lish a grading criterion of these patients in high, 
intermediate and low grade glucose consumers 
with prognostic implications [21-26].

In this study we have assessed the correlation 
between the IASLC/ATS/ERS histological clas-
sification and SUVmax in a series of patients 
with LA undergoing elective surgical removal of 
the primary tumor in our center. Due to the het-
erogeneity of LA, the second predominant pat-
tern was also considered in this correlation. In 
addition, we explored the correlation between 

SUVmax and tumor stage, the molecular find-
ings and the prognostic value.

Material and methods

Patients

We performed a retrospective analysis of 112 
patients with histologically-confirmed LA in 
whom a whole-body. 18F-FDG PET/CT scanning 
was performed preoperatively between 2008 
and 2014. Disease stage was based on 7th edi-
tion of the American Joint Committee on Cancer 
tumor, node, metastasis (TNM), staging manual 
[1]. Clinical TNM stage was determined based 
on physical examination, CT scan, 18F-FDG PET/
CT, bronchoscopy and/or CT-guided biopsy and 
in some cases by means of mediastinoscopy. In 
situ subtype was not included in the stage and 
the survival analysis. Patients with clinical 
stage IIIB and IV were excluded from the study. 
Patients were followed for cancer recurrence 
and survival for a minimum of 16 months after 
surgery. Information was obtained by reviewing 
the medical records of all patients.

Imaging protocol of 18F-FDG PET scans

18F-FDG PET/CT was performed using integrat-
ed PET-CT scanner (Discovery ST, GE Medical 
Systems). Patients were fasted for a minimum 
of 6 h prior to the procedure. Patients with 
blood glucose concentrations exceeding 160 
mg/mL before radiotracer injection were 
excluded from the analysis. Images were 
obtained from base of the skull to mid-thigh 
level, 60 min after intravenous administration 
of 5.29 MBq/kg (0.14 mCi/kg).

18F-FDG. CT used for attenuation correction 
was followed by a PET study. PET images were 
reconstructed by using a standard ordered-
subset expectation maximization algorithm (20 
subsets, 2 iterations). PET/CT images were 
interpreted by an experienced specialist in 
nuclear medicine in association with a radiolo-
gist. For determination of SUVmax, a region of 
interest (ROI) was manually placed over the 
tumor site on the hottest transaxial slice. 
Activity concentration within the ROI was deter-
mined and expressed as SUV, where SUV is the 
ratio of the activity in the tissue to the decay 
corrected activity injected into the patient. All 
SUV measurements were normalized for patient 
body weight.). SUVmax was used as the refer-
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ence measurement, and was determined by 
considering the tumor uptake given by the max-
imum pixel value within a region of interest in 
the tumor. Primary lesions were considered 
pathological (i.e. positive) if there was a local-
ized area of higher FDG uptake than the sur-
rounding normal tissue. 

Histological evaluation

Tumors were classified according to the IASLC/
ATS/ERS classification as: (1) adenocarcinoma-
in-situ (AIS); (2) minimally invasive adenocarci-
noma (MIA); and invasive adenocarcinoma, 
which was further subdivided according the 
predominant pattern of growth into (3) lepidic 
predominant (LPA), (4) acinar predominant 
(APA), (5) papillary predominant (PPA), (6) micro-
papillary predominant (MPA), (7) solid predomi-
nant (SPA), and (8) invasive mucinous predomi-
nant (IMA). Tumors were grouped according to 
the histological tumor grade based on predomi-
nant subtype as: low grade (adenocarcinoma in 
situ, MIA or lepidic predominant adenocarcino-
ma), intermediate grade (papillary or acinar pre-
dominant) and high grade (micropapillary, muci-
nous or solid predominant) [27, 28]. We also 
considered the second pattern in the tumor as 
the second predominant pattern of growth.

Gene expression

All resected tumors were analyzed for genetic 
alteration including EGFR, K-RAS and ALK. 
EGFR and K-RAS were identified by polymerase 

chain reaction (PCR) (direct sequencing and 
Therascreen kit) and ALK rearrangement by 
fluorescence in situ hybridization (FISH) (Vysis 
ALK FISH break-apart kit). These are the mutat-
ed genes routinely detected in our centre, the 
rest of the tumors with other possible muta-
tions were considered “wild type”.

Statistical analysis

Comparisons between SUVmax and histologic 
LA subtypes were performed using the Kruskal-
Wallis test followed by a Dunn’s multiple com-
parison tests. The Mann Whitney-U test was 
used to assess differences when two groups 
were studied. Linear regression analysis was 
performed to evaluate the influence of the size 
of the tumor. Overall survival (OS) and disease-
free survival (DFS) were calculated using the 
Kaplan-Meier method. A p value <0.05 was 
considered statistically significant.

Results

Patient characteristics

Patient baseline demographic data and clinical 
characteristics are listed in Table 1. We anal-
ysed 81 men and 31 women, with a mean (± 
SD) age of 71±18.7 years. The median tumor 
size was 21.1 mm (range 4-58 mm). The most 
frequent subtype was acinar predominant 
(50%) followed by solid predominant (13%), lep-
idic predominant (13%), papillary predominant 
(13%), invasive mucinous predominant (6%), 
micropapillary predominant (4%) and in situ 

Table 1. Clinico-pathological characteristics of 112 patients with lung adenocarcinoma. Association 
between SUVmax of the primary tumor and IASLC/ATS/ERS subtypes, stage, disease free survival 
(DFS) and overall survival (OS) are showed

Subtype N (%) Female 
(%)

SUVmax
(mean)

Pathological stage (%) DFS (%) OS (%)
Is IA IB IIA IIB IIIA 4 years 4 years

AIS 4 (3.8) 2 (1.9) 0.5±01 4 (100) 100 100
MIA 4 (3.8) 2 (1.9) 1.1±0.9 4 (100) 100 100
LPA 13 (12.6) 6± (5.8) 3.3±3.1 8 (61.5) 2 (15.4) 1 (7.7) 0 2 (20) 77 84.6
APA 51 (50.5) 14 (13.6) 8.6±6.7 19 (35) 16 (33) 6 (12) 5 (10) 5 (10) 59 76
PPA 13 (12.7) 4 (3.9) 3.9±5.1 7 (53.8) 2 (15) 2 (15) 1 (7.7) 1 (7.7) 77 69
MPA 5 (4.4) 0 4.9±3.4 0 2 (40) 2 (40) 0 1 (20) 0 60
SPA 15 (13.4) 3 (2.9) 10.4±5.4 3 (20) 5 (33) 3 (20) 3 (20) 1 (7) 47 66
IMA 7 (6.2) 0 2.7±1.2 2 (28.5) 1 (14) 1 (14) 2 (28.5) 1 (14) 13 85
Total 112 (100) 31 (28) 4.81±5 4 43 28 15 11 11 56 75
AIS: adenocarcinoma-in-situ; MIA: minimally invasive adenocarcinoma; LPA: lepidic predominant; PAP: acinar predominant; PPA; 
papillary predominant; MPA: micropapillary predominant; SPA: solid predominant; IMA: invasive mucinous predominant.
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72.3-90.1) and the DFS 67.8 months (95% CI, 
58.1-77.3).

Association between SUVmax and histological 
grade

Significant differences (P<0.0001) between 
SUVmax and the different histologic subtypes 
were observed. Solid predominant subtype 
showed the highest SUVmax (mean SUVmax 
10.4±5.4) (Figure 1). In situ and MIA predomi-
nant subtype showed the lower mean SUVmax 
(mean SUVmax 0.5±0.1 and 1.1±0.9, respec-
tively; Table 1; Figure 2A).

Tumors with high or intermediate histological 
grade had a higher mean SUVmax 7.4±5.5; and 
7.6±6.6 respectively, compared with low histo-
logical grade SUVmax 2.4±2.7. Significant dif-
ferences in SUVmax were detected between 
the low histological grade and the other two 
groups (Figure 2B). Acinar predominant sub-
type showed a high variability SUVmax values. 
No differences were observed in SUVmax 
between solid and acinar subtypes. Due to the 
high variability in SUVmax observed in these 
patients, the second histological pattern was 

Figure 1. Correlation between histological adenocarcinoma subtype and 18F-
FDG uptake by tumor cells. The figure presents an example of solid adenocar-
cinoma (SPA) subtype. This subtype shows a highest FDG uptake: CT images 
(A), PET images, SUVmax 16.3 (B), PET-CT fusion images (C) and histological 
sample (D) in which high cellularity can be observed.

Figure 2. Maximum standardized value (SUVmax) 
of the different histological subtypes of lung adeno-

and MIA (both 4%) (Table 1). 
The mean follow-up was 45 
months (range 16-108 mon- 
ths). At the time of analysis, 
87 patients were alive, 67 of 
them (60%) without evidence 
of disease. The estimated 
median OS was 81.2 months 
(95% confidence interval [CI] 

carcinoma. Solid predominant 
(SPA) subtype showed the high-
est SUVmax (10.4±5.4), with 
lower SUVmax values for “in 
situ” subtype (AIS) (0.5±0.1) 
and minimally invasive adeno-
carcinoma (MIA) (1.1±0.9). Mu-
cinous subtype (IMA) had a low 
SUVmax 2.7±1.2) despite the 
fact of being included in the high 
histologic grade (A). Association 
between (SUVmax) of the differ-
ent histologic lung adenocarci-
noma grades (low, intermediate 
and high grade). Tumors with 
low-grade had the lowest SU-
Vmax (2.4±2.7). The inclusion 
of IMA in the high-grade group 
was the reason for the lack of 
significant difference between 
intermediate (7.6±6.6) and high 
grade (7.4±5.5) (B).
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analysed. This analysis showed a slight but sig-
nificant increase in SUVmax in patients with 

predominant acinar accompanied by a second 
growth pattern of intermediate or high grade 
(SUVmax 11.1±6.6) compared to those that 
were accompanied by a second pattern of low 
histological grade (SUVmax 7.24±6.5) (Figure 
3A).

Association between SUVmax and pathological 
tumor stage

Statistically significant differences in SUVmax 
between different stages were observed 
(P<0.0001). Stage IA had the lowest SUVmax 
(3.4±4.1) compared to the other stages. Similar 
SUVmax values were observed in stage IB 
(8.7±6.0), IIA (7.9±6.0, IIB (11.6±7.8) and IIIA 
(7.1±5.3). Figure 4 shows the SUVmax obtained 
in each pathological tumor stage. No differenc-
es were observed between negative nodal dis-
eases (stage IB SUVmax 8.7±6 and positive 
nodal involvement stage IIA SUVmax 7.9±6.0; 
P=0.160).

Association between SUVmax and gene muta-
tion

None gene mutation was detected in 67 
patients (wild-type group) but 24 patients had 
EGFR and 15 K-RAS mutations. Only 5 patients 
had rearrangement of ALK. One sample from 
one patient was not available for this study. 
Due to this distribution we considered only 
patients from the wild type group, EGFR and 
K-RAS mutations for statistical purposes. 
Significant differences (P<0.01) in SUVmax 
were obtained between EGFR (3.7±4.2), K-RAS 
(4.3±3.8) mutations and wild-type group 
(8.0±6.7) (Figure 5). Low SUVmax values were 
observed in EGFR mutation. The biological sig-
nificance of this observation is still unknown.

Association between SUVmax, histological 
grade and prognosis

As shown in Figure 5, DFS (P=0.02) and OS 
(P=0.06) at 4 years were 33% and 77%, respec-
tively, in patients with histologic high grade, 
57% and 64% in patients with histologic inter-
mediate grade (histological grades with higher 
SUVmax), and 80% and 87% in patients with 
histologic low grade (histological grade with 
lower SUVmax) (Figure 6). OS at 4 years was 
100% deaths in MPA, 34% in solid subtype, and 
15% in mucinous subtype.

Figure 3. Acinar predominant subtype accompa-
nied by a second growth pattern intermediate or 
high grade showed higher SUVmax (11.1±6.6) than 
acinar subtype accompanied by a second low grade 
growth pattern (7.2±6.5), P=0.028 (A). SUVmax in 
the acinar predominant subtype showed the stron-
gest correlated with tumor dimensions (B).

Figure 4. Statistically significant differences in SU-
Vmax were observed between the different TNM 
stages (3.4±4.1 for stage IA, 8.7±6.0 for stage IB, 
7.9±6.0 for stage IIA, 11.6±7.8 for stage IIB and 
7.1±5.3 for stage IIIA).
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Discussion

In the present study we investigated the corre-
lation between SUVmax and the histological 
subtype of LA, both with the predominant histo-
logical pattern and the accompanied pattern.

A positive correlation between glucose metabo-
lism of tumor cells assessed by 18F-FDG PET 
and the histological subtype of LA was found. 
Similar data have been recently reported by 
other authors [21-24]. Low mean SUVmax val-
ues were observed in AIS, MIA, LPA and IMA 
whereas high SUVmax values in APA, PPA and 
MPA were documented. The highest mean 
SUVmax was obtained in patients with the SPA 
subtype. Accordingly, low glucose uptake was 
associated to low grade histological profiles 
except in the case of IMA where a low SUV value 
was obtained despite a high grade profile 
(Figure 7). Mucinous adenocarcinomas have 
low cellular density and abundant mucin inside 
of them [29]. In this particular subtype, low 18F-
FDG uptake is expected and SUVmax is 
reduced. Our results are similar to those report-
ed by Nakamura et al. [21] except for IMA where 
a higher SUVmax value was obtained. 

Our findings showed different glucose con-
sumption (SUVmax) in different histologic 
grades [21-23]. Histology and SUVmax correla-
tion was affected by the prevalence of acinar 
pattern in this sample and the reduced number 
of cases for some specific subtypes, such as 
MPA (5 cases).

As a consequence, we classified our cases in 3 
main groups following prognostic histologic cri-
teria [27, 28]. AIS+MIA+LPA were included in 
the low grade group, APA+PPA in the intermedi-
ate grade group, and SPA+MPA+IMA in the high 
grade group. It was found that low SUVmax was 
clearly associated with the low grade histologi-
cal group. Interestingly, similar mean SUVmax 
were observed in both intermediate and high 
grade groups. However, it should be noted that 
data in the high grade group were different in 
SPA+MPA and IMA. All these histological grade 
profiles are included in the same group and the 
resulting mean value is the average between a 
high SUVmax values in SPA+MPA and a low 
SUVmax in IMA (Figure 2A). Inclusion of IMA in 
the high grade group caused that the differ-
ences in the glucose uptake between the inter-
mediate and high grade were not different. 
Differences between intermediate and high 
grade tumors were observed in two previous 
studies [23, 24]. However, in these two studies 
IMA tumors were excluded from the analysis. It 
is important to notice that SUVmax values can 
be similar between different grades. For exam-

Figure 6. Kaplan-Meier curves showing significantly 
better disease free survival (DFS) (P=0,02) and over-
all survival (OS) (P=0,06) at 4 years for in patients 
with low histologic grade tumors as compared to pa-
tients with intermediate and high grade suptypes.

Figure 5. Statistically significant difference in SUV-
max values between EGFR mutation (3.7±4.2), K-
RAS mutation (4.3±3.8) and wild-type (8.0±6.7).
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ple the SUVmax of LPA (low grade), PPA (inter-
mediate grade) and MPA (high grade) are 
almost the same. As it was discussed above 
SUVmax is gradual between grades but PET-
FDG can also be considered a complementary 
tool to differentiate histological subtypes such 
as SPA and IMA within the same grade.

As shown by other authors [21-24] we also 
found significant differences in SUVmax values 
and in the DFS and OS among the three groups 
(Figure 6). These results support that different 
LA subtypes and different histologic tumor 
grade have different glucose consumptions.

It is important to remark that a high histological 
variability in the accompanied pattern is often 
observed in the acinar subtype. Acinar subtype 
in our population was the most common and 
accounted for more than 50% of the cases. 
Taking into account this variability we decided 
to analyze the possible influence of the second 
accompanied pattern on SUVmax. A higher 
SUVmax was observed in tumors with a second 
histological pattern of intermediate or high 

TNM and SUVmax were observed. SUVmax val-
ues increased mainly in the initial states IA 
(SUVmax 3.4±4.0) and IB (SUVmax 8.6±6.0). 
These results are consistent with those report-
ed by Cerfolio et al. [22], which showed a 
SUVmax increase related to the T status 
increase in patients who were node negative. 
Two main factors could justify the correlation 
between glucose uptake and both stages: the 
tumor size (Figure 3B) and the predominant 
histological subtype. The mean size of IA tumors 
was 16 mm (stage IA <20 mm), and 29 mm in 
IB (stage IB 20-50 mm). Tumor size has been 
considered a critical factor that may affect 
SUVmax, especially in smaller lesions. The 
smaller lesions tended to have lower SUVmax 
than larger lesions of the same histologic 
subtype.

The predominant histologic subtype in stage  
IA was lepidic (61.5%), whereas in stage IB  
was solid (42%), and different SUVmax values 
may be expected in these two histological 
subtypes.

Figure 7. The figure presents an example of invasive mucinous adenocarcino-
ma (IMA) subtype. This subtype shows low FDG uptake, despite a high grade 
profile and a bad prognosis: CT images (A), PET images, SUVmax 3.2 (B), PET-
CT fusion images (C) and histological sample (D) in which low cellularity and 
mucin inside can be observed.

grade compared to those 
that were accompanied by a 
second lower grade subtype. 
This observation suggests 
that the SUVmax is not only 
the consequence of the  
predominant pattern but 
also the accompanied pat-
tern can also determine the 
SUVmax value. The clinical 
significance of this finding is 
unknown. Kadota el al. [23] 
reported similar results in a 
subanalysis of 18 patients 
with intermediate tumor gra- 
de who had higher SUVmax 
than the remaing patients. 
They found that this second 
pattern had a high-grade his-
tology or high mitotic count. 
Accordingly, it may specu- 
late that this second pattern 
with worse prognostic indica-
tors may be useful to guide 
the management of these 
tumors.

Significant differences bet- 
ween stage according to 
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Some publications have reported a higher 
SUVmax of the primary tumor in cases with 
lymph node involvement than in those without 
nodal involvement but this is a controversial 
argument [30, 31]. Muto el al. [31] obtained a 
different SUVmax in primary lung adenocarci-
noma without/with nodal metastases (SUVmax 
2.2 vs. 4.9, respectively). However, they did not 
found a correlation between SUVmax values 
obtained in N1 versus N2 involvement. They 
concluded that SUVmax is useful in predicting 
LN involvement but would not be useful in pre-
dicting the extent of disease. Other authors 
reported a trend of steady increase in SUVmax 
of primary NSCLC in N0 vs. N1 as well as in N0 
vs. N2 [32].

In our study, there were 14 patients with N1 
involvement and 9 with N2 involvement. With 
this limited amount of n values we could not 
establish a correlation between primary tumor 
SUVmax and nodal involvement or nodal exten-
sion. The majority of patients included in our 
study had negative preoperative results in the 
clinical staging process or at maximum N1 
involvement. Pathological study of resected 
lymph nodes showed a reduced number of 
tumor cells that were probably difficult to detect 
using PET. Muto et al. [31] proposed to omit 
lymph node dissection in cases where SUVmax 
of primary NSCLC was less than 1. In our series 
we reported a patient with SUVmax 0.5 and N2 
involvement. However, in the remaining patients 
with nodal involvement, the SUVmax of the pri-
mary lesion was higher than 1.4.

Higher SUVmax in the primary lesion was asso-
ciated with worse outcome. There was a signifi-
cant positive correlation between SUVmax and 
DFS in the three groups with different histologic 
prognosis (low, intermediate and high grade). 
DFS was significantly longer in the low histologi-
cal grade group as compared with intermediate 
or high histological grades. Also, OS was less 
favourable in patients with SUVmax >7. This 
might be a consequence of the worse histologi-
cal subtype, higher tumor size and higher stage 
among in patients with higher SUVmax values.

Conclusion

Lung adenocarcinoma represents a heteroge-
neous disease with different metabolic profiles 
and different behaviours in the different sub-
types. Quantitative analysis by SUVmax 18F-

FDG PET offers an approach of the glucose 
consumption in the primary lesion, providing 
information with prognostic value that improves 
the treatment planning in each particular LA 
case.

Consequently the quantitative analysis of glu-
cose consumption by tumor cell, measured by 
SUVmax, can be a criterion to be considered in 
the presurgical evaluation of these patients. 
Maybe metabolic profile of tumor cells should 
be incorporated into future LA staging together 
with other criteria.
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