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Abstract: In this study we aimed toinvestigate the predictive value of maximum standardized uptake value (SUVmax) 
detected by fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) 
in stage I and II non-small cell lung cancer (NSCLC). The records of 240 NSCLC patients were analyzed retrospec-
tively. Clinicopathologic characteristics were evaluated to identify the independent factors that affect SUVmax. The 
diagnostic efficiency and optimal cut-off value of SUVmax were calculated by the receiver operating characteristic 
curve. Survival curves were estimated according to the Kaplan-Meier method and statistical differences were as-
sessed using the log-rank test. Univariate analysis showed that the gender, smoking history, tumor size, histology, 
lymphovascular invasion (LVI), visceral pleural invasion (VPI), p-T factor, p-N factor and p-TNM stage were correlated 
to SUVmax. Multivariate regression analysisidentified tumor size (P = 0.001), histology (P < 0.001), LVI (P = 0.023), 
and p-TNM stage (P = 0.027) as independent factors. SUVmax was a predictor for LVI and nodal metastasis with the 
highest diagnostic accuracy at a cut-off value of 7. Patients with SUVmax < 7 had significantly better relapse-free 
survival than those with SUVmax ≥ 7 (P < 0.001). While there was no significant difference in overall survival (OS) 
between the two groups (P = 0.107), patients with SUVmax < 7 had a higher 5-y OS rate than   those with SUVmax 
≥ 7 (86.3% versus 74.1%). In conclusion, preoperative SUVmax indicates the aggressiveness of the primary tumor, 
and shows a significant association with relapse after complete resection of early stage NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) is the lead-
ing cause of cancer-related deaths worldwide, 
with 5-year overall survival (OS) rates of only 
15% for NSCLC patients [1]. Surgical resection 
remains the primary and preferred treatment 
for early stage (I and II) NSCLC. However, even 
after complete resection followed by systemic 
lymph node dissection, survival outcomes still 
remain unsatisfied, with 5-year OS rates rang-
ing from 73% (stage IA) to 36% (stage IIB) [2]. 
Tumor relapse is the most common cause of 
treatment failure and the main obstacle for 
long-term survival, and as high as 30-40% 
patients eventually die of recurrent disease 
even with stage I disease [3]. Therefore, it is 
urgent to evaluate additional factors that may 

help identify the patients who are at high risk 
for relapse and could consequently benefit from 
more intensive treatment. A systematic review 
has revealed that increased tumor maximum 
standardized uptake value (SUVmax) measured 
by fluorine-18 fluorodeoxyglucose positron 
emission tomography/computed tomography 
(18F-FDG PET/CT) is associated with worse sur-
vival [4]. SUVmax can provide additional infor-
mation about the biological aggressiveness of 
primary tumors, and may potentially contribute 
to identifying patients with a high risk of relapse 
or death. Therefore, in the present study we 
examined the relationship of SUVmax to various 
characteristics and survival outcome, in order 
to evaluate the predictive value of SUVmax in 
patients with early stage NSCLC.
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Patients and methods

Patients

We retrospectively reviewed the clinical and 
pathological records of patients who under-
went preoperative 18F-FDG PET/CT scanning 

Concomitant CT data were used for attenuation 
correction of all PET images and anatomic 
localization of PET abnormalities. All PET/CT 
images were evaluated jointly and reviewed by 
two experienced nuclear medicine physicians. 
By manually placing a region of interest (ROI) 
over the tumor site, the activity concentration 

Table 1. Association between clinicopathologic characteristics and 
SUVmax

Variable No. of  
patients (%)

SUVmax (median and 
interquartile range) P-value

Gender < 0.001
    Female 79 (32.9%) 3.5 (1.6-6.9)
    Male 161 (67.1%) 5.5 (3.4-10.9)
Age (years) 0.993
    < 65 117 (48.8%) 4. 8 (2.7-9.9)
    ≥ 65 123 (51.2%) 4.9 (2.7-9.3)
Smoking history < 0.001
    No 76 (31.7%) 3.5 (1.7-5.9)
    Yes 164 (68.3%) 5.7 (3.3-11.0)
Tumour location 0.196
    Left upper lobe 59 (24.6%) 4.3 (1.8-9.6)
    Left lower lobe 37 (15.4%) 3.8 (2.3-7.2)
    Right upper lobe 86 (35.8%) 5.8 (2.9-10.8)
    Right middle lobe 8 (3.3%) 5.3 (2.6-11.1)
    Right lower lobe 50 (20.8%) 5.1 (3.4-9.0)
Tumor size (mm) < 0.001
    ≤ 20 88 (36.7%) 3.6 (1.5-5.4)
    > 20, ≤ 30 66 (27.5%) 4.8 (2.4-8.8)
    > 30 86 (35.8%) 9.5 (4.4-15.3)
Histology < 0.001
    Adenocarcinoma 168 (70.0%) 3.6 (1.8-6.8)
    Squamous cell carcinoma 57 (23.8%) 9.4 (5.6-13.7)
    Others 15 (6.2%) 8.8 (6.3-16.9)
Lymphovascular invasion < 0.001
    No 129 (53.8%) 3.6 (1.7-5.7)
    Yes 111 (46.2%) 7.7 (4.0-12.7)
Visceral pleural invasion < 0.001
    No 151 (62.9%) 3.9 (2.2-7.9)
    Yes 89 (37.1%) 6.3 (3.7-12.4)
p-T factor < 0.001
    T1 105 (43.8%) 3.4 (1.5-5.6)
    T2 119 (49.6%) 6.3 (3.8-11.5)
    T3 16 (6.7%) 5.8 (9.5-17.8)
p-N factor < 0.001
    N0 214 (89.2%) 4.3 (2.5-8.4)
    N1 26 (10.8%) 10.3 (7.0-14.3)
p-TNM stage < 0.001
    I 191 (79.6%) 4.0 (2.2-7.3)
    II 49 (20.4%) 11.5 (7.2-16.9)

before undergoing sched-
uled complete resection for 
NSCLC between June 2004 
and June 2014. Eligibility cri-
teria were (1) lobectomy and 
systematic lymph node dis-
section were performed 
without either microscopic 
or macroscopic residual tu- 
mor; (2) at least three hilar 
and interlobar lymph nodes 
and at least three mediasti-
nal stations (including the 
subcarinal station) lymph 
nodes were examined; (3) 
stage I or II NSCLC were his-
tologically confirmed accord-
ing to the 7th edition of the 
tumor, node, metastasis 
(TNM) staging manual [5]. 
Patients were excluded if 
they had received any neo-
adjuvant chemotherapy or 
radiotherapy, had any prior 
history of lung cancer, or 
died of complications within 
30 days after surgery. The 
study protocols were appro- 
ved by the institutional re- 
view board.

Measurements

18FDG-PET/CT was perform- 
ed using integrated PET/CT 
scanner (GE Discovery ST, 
GE Medical Systems, Mil- 
waukee, WI, USA). All pati- 
ents with 6-h fasting before 
the examination received 
intravenous administration 
of 18F-FDGat 7.4 MBq/kg 
body weight. Before injec-
tion, plasma glucose was 
measured and was less than 
200 mg/dL in all patients. 
PET images were obtained 
from base of the skull to mid-
thigh level 1 h after injection. 
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within the ROI was determined and expressed 
as SUVmax. SUVmax was corrected for the 
injected dose and the patient’s body weight by 
using the standard software tools provided with 
the scanners. 

All patients underwent anatomical lobectomy 
with systematic lymph node dissection in this 
series. Resected specimens were fixed in 10% 
formalin, embedded in paraffin, cut into 5-mm 
thick sections, and diagnosed by the patholo-
gists. The histological type was categorized 
according to the WHO classification system [6]. 
The tumor size was based on the longest diam-
eter reported by the pathologist. Lymphovas- 
cular invasion (LVI) was determinedif tumor 
cells were demonstrated in the lymphatic or 

blood vessel lumenby histologic examination. 
Visceral pleural invasion (VPI) was determined 
if tumor invaded beyond the elastic layer during 
elastic tissue staining according to the guide-
lines of the seventh edition of the TNM classifi-
cation [5].

Baseline demographic, clinical, and pathologi-
cal characteristics, and adjuvant therapy were 
obtained from our electronic medical record 
system. Survival data were collected from hos-
pital follow-up records and unfollowed patients 
had been called to obtain information about 
their conditions. Overall survival was defined as 
the duration from the date of surgery to the 
most recent follow-up or to the date of death, 
and relapse-free survival (RFS) was defined as 

Figure 1. A. Frequency distribution of SUVmax in 
patients with stage I and II NSCLC was skewed, with 
a median value of 4.8; B. Receiver operating char-
acteristic curve revealed that the optimal cut-off 
value forpredicting lymph node metastasis was a 
SUVmax of 7 (area under the curve 0.776; standard 
error 0.038); C. Receiver operating characteristic 
revealed that the optimal cut-off value forpredictin-
glymphovascular invasion was a SUVmax of 7 (area 
under the curve 0.728; standard error 0.033).
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the duration from the date of surgery to the 
most recent follow-up or to the date of recur-
rence or death. 

Statistical analysis

The continuous variables such as SUVmax, 
tumor size, and age were examined for normal-
ity and skewness. Normally distributed data 
were expressed as mean ± standard deviation. 
Non-normally distributed data were expressed 
as median and interquartile range. Student’s t 
test or One-way analysis of variance was per-
formed to compare continuous variables, chi-
square test or Fisher’s exact test was used to 
compare categorical variables between groups. 
Multivariate linear regression analysis was per-
formed to identify independent factors corre-
lated with SUVmax, Receiver operating charac-
teristic (ROC) curves were plotted to assess the 
area under the curve (AUC) and the optimal cut-
off values of predictive SUVmax yielding the 

marized in Table 1. The duration of follow-up 
ranged from 6 to 117 months with a median of 
45 months. SUVmax of primary NSCLC ranged 
from 0 to 36 with a median of 4.8 (interquartile 
range: 2.7-9.4) (Figure 1A). The median SUVmax 
was 4.8 for all patients, 3.6 for adenocarcino-
mas, 9.2 for non-adenocarcinomas, 4.0 for 
p-stage I and 11.5 for p-stage II.

Male patients had a higher mean SUVmax of 
primary tumor than female patients (7.96 vs. 
5.05, P < 0.001). Smokers had a higher mean 
SUVmax than non-smokers (7.89 vs. 5.10, P = 
0.001). There was no significant association 
between SUVmax and the age or the lobar dis-
tribution of tumors. Tumour size showed a cor-
relation with SUVmax. Larger tumors had a 
higher mean SUVmax than smaller tumors (P < 
0.001). Adenocarcinoma subtype had a lower 
mean SUVmax than squamous cell carcinoma 
(5.29 vs. 10.91, P < 0.001) and other subtypes 
(5.29 vs. 11.35, P < 0.001). Tumors with LVI 

Table 2. Multivariate linear regression analysis of SUVmax and clinicopathological characteristics

Variable
Unstandardized  

Coefficients
Standardized 
Coefficients t P-value 95% Confidence  

Interval (CI)
B Std. Error Beta

Gender 0.069 0.048 0.085 1.446 0.149 -0.025 to 0.164
Smoking history 0.079 0.048 0.096 1.633 0.104 -0.016 to 0.174
Tumor size 0.112 0.032 0.249 3.457 0.001 0.048 to 0.175
Histology 0.171 0.034 0.267 5.057 < 0.001 0.104 to 0.237
LVI 1.724 0.751 0.136 2.297 0.023 0.245 to 3.203
VPI 0.004 0.058 0.004 0.061 0.951 -0.110 to 0.117
p-T factor 0.030 0.064 0.048 0.475 0.635 -0.096 to 0.157
p-N factor 0.028 0.090 0.023 0.309 0.758 -0.150 to 0.206
p-TNM stage 0.175 0.079 0.185 2.223 0.027 0.020 to 0.330

Table 3. Receiver operating curve analysis of SUVmax to 
predict lymph node involvement

SUVmax
2 3 4 5 6 7 8 9 10

Sensitivity, % 100 96 96 85 80 77 70 58 50
Specificity, % 21 30 47 57 65 69 74 78 80
Youden index 121 126 143 142 145 146 144 136 130

Table 4. Receiver operating curve analysis of SUVmax to 
predict LVI

SUVmax
2 3 4 5 6 7 8 9 10

Sensitivity, % 91 85 75 68 60 58 49 40 35
Specificity, % 28 40 56 71 77 82 85 86 87
Youden index 119 125 131 139 137 140 134 126 122

maximal sensitivity and specificity. 
Survival curves were generated by 
Kaplan-Meier method and the signifi-
cance of differences between groups 
were evaluated by log-rank test. The 
software package SPSS version 20.0 
(IBM Corp, Armonk, NY, USA) was 
used for all statistical analysis. 
Differences were considered statisti-
cally significant when the P value was 
less than 0.05.

Results

A total of 240 patients met the inclu-
sion criteria, including 161 men and 
79 women (aged from 34 to 85 years, 
mean age 68 years). All patients’ clini-
copathologic characteristics are sum-
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had a higher mean SUVmax than tumors with-
out LVI (9.17 vs. 5.14, P < 0.001). Similarly, 
tumors with VPI had a higher mean SUVmax 
than tumors without VPI (8.40 vs. 6.18, P = 
0.008). T1 lesions had a lower mean SUVmax 
than T2 and T3 (4.73 vs. 8.39 vs. 11.67, P < 
0.001). Tumors with lymph node involvement 

had a higher 5-y OS rate than those with 
SUVmax ≥ 7 (86.3% vs. 74.1%).

Discussion

PET/CT has been widely used for the diagnosis 
andstaging of lung cancer [7]. SUVmax mea-

Table 5. The comparisons of characteristics between 
groups with SUVmax < 7 and SUVmax ≥ 77

Variable SUVmax < 7 
(n = 151)

SUVmax ≥ 7 
(n = 89) P-value

Age (years) 68.6 ± 10.0 66.8 ± 9.9 0.170
Tumor size (mm) 24.5 ± 13.6 40.6 ± 21.9 < 0.001
Gender 0.004
    Female 60 (39.7%) 19 (21.3%)
    Male 91 (60.3%) 70 (78.7%)
Smoking history 0.001
    No 60 (39.7%) 16 (18.0%)
    Yes 91 (60.3%) 73 (82.0%)
Tumour location 0.198
    Left upper lobe 38 (25.2%) 21 (23.6%)
    Left lower lobe 27 (19.7%) 10 (11.2%)
    Right upper lobe 46 (30.5%) 40 (44.9%)
    Right middle lobe 6 (4.0%) 2 (2.2%)
    Right lower lobe 34 (22.5%) 16 (18.0%)
Histology < 0.001
    Adenocarcinoma 126 (83.4%) 42 (47.2%)
    Non-adenocarcinoma 25 (16.6%) 47 (52.8%)
Lymphovascular invasion < 0.001
    No 104 (68.9%) 25 (28.1%)
    Yes 47 (31.1%) 64 (71.9%)
Visceral pleural invasion 0.004
    No 106 (70.2%) 45 (50.6%)
    Yes 45 (29.8%) 44 (49.4%)
pT factor < 0.001
    T1 85 (56.3%) 20 (22.5%)
    T2 61 (40.4%) 58 (65.2%)
    T3 5 (3.3%) 11 (12.4%)
pN factor < 0.001
    N0 145 (96.0%) 69 (77.5%)
    N1 6 (4.0%) 20 (22.5%)
pTNM stage < 0.001
    I 140 (92.7%) 51 (57.3%)
    II 11 (7.3%) 38 (42.7%)
Relapse < 0.001
    Yes 19 (12.6%) 33 (37.1%)
    No 132 (87.4%) 56 (62.9%)
5-y RFS rate (%) 80.2 58.9 < 0.001
5-y OS rate (%) 86.3 74.1 0.107

had a higher mean SUVmax than tumors 
without lymph node involvement (11.52 
vs. 6.46, P < 0.001). In addition, stage II 
NSCLC had a higher mean SUVmax than 
stage I (12.36 vs. 5.63, P < 0.001). 
Variables with a P-value of less than 
0.05 in univariate analysis were entered 
into the multivariate linear regression 
analysis to identify independent factors 
affecting SUVmax, and tumor size (P = 
0.016), histology (P < 0.001), and LVI (P 
= 0.023) were significant independent 
factors determining a raised SUVmax 
(Table 2).

The ability of SUVmax to predict lymph 
node involvement (N1-2) and LVI were 
depicted by the receiver operating curve 
shown in Figure 1B and 1C, respective-
ly. SUVmax provided predictive informa-
tion on nodal metastasis or LVI. To pre-
dict lymph node involvement, the AUC 
was 0.776 ± 0.038 (95% CI: 0.702-
0.850). To predict LVI, the AUC was 
0.728 ± 0.033 (95% CI: 0.663-0.792). 
The sensitivity and specificity of SUVmax 
using different cut-off value were given 
in Tables 3 and 4. The Youden index (the 
sum of the sensitivity and specificity) 
was calculated to find the best cut-off 
point, and the cut-off value of 7 was 
identified with the maximum Youden 
index to predict either nodal involve-
ment or LVI.

Next, we divided our patients into two 
groups according to the SUVmax cut-off 
value of 7. Comparisons of characteris-
tics between the two groups were sum-
marized in Table 5. Survival curves fol-
lowing resection showed that patients 
with SUVmax < 7 had significantly better 
RFS than those with SUVmax ≥ 7 (P < 
0.001) (Figure 2A). While there was no 
significant difference between the OS 
curves of the two groups (P = 0.107) 
(Figure 2B), patients with SUVmax < 7 
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sures the uptake of 18F-FDG by primary tumor 
and indicatesthe proliferation of cancer cells. 
Recently, 18F-FDG uptake has been reported as 
a prognostic factor in NSCLC [8, 9]. In the cur-
rent study, we analyzed the relationship of 
SUVmax to various characteristics of stages I 
and II NSCLC patients. Our study confirmed 
that preoperative SUVmax was significantly cor-
related with tumor size, histology, lymphovas-
cular status, and p-TNM stage after adjusting 
for confounding effects by multivariate analy-
sis. Moreover, our results indicated that 
SUVmax was a predictor for lymph node metas-
tases and LVI. Patients with SUVmax ≥ 7 had a 
higher risk of lymph node metastases, LVI, VPI, 
and postoperative relapse than those with 
SUVmax < 7. These results can be explained by 
the fact that the FDG uptake on PET/CT is cor-
related with the aggressiveness of the primary 
NSCLC, and higher SUVmax indicates greater 
chance of invasion and metastasis, which leads 
to higher risk of relapse. 

SUVmax is a semi-quantitative method of mea-
suring FDG accumulation. In this study, the 
tumor size is one of independent factors that 
affect SUVmax. Several studies reported that 
SUVmax was positively correlated with the 
tumor size, and smaller tumors had significant-

ly lower SUVmax than larger ones [10-12]. 
Another study confirmed a significant associa-
tion between the tumor size and SUVmax in 
stage I NSCLC, and patients with tumors ≤ 3 cm 
had lower SUVmax than those with tumors > 3 
cm [13]. The correlation of glucose transport-
er-1 (GLUT-1) expression with FDG uptake in 
NSCLC supports these findings [14, 15]. An 
increased tumor size is associated with 
increased expression of GLUT-1 on the mem-
brane of tumor cells and higher metabolism, 
leading to increased FDG uptake [16]. This fact 
could explain the positive correlation between 
the tumor size and SUVmax. Similarly, the het-
erogeneity in the expression of GLUT-1 could 
explain the results of a lower SUVmax for ade-
nocarcinoma than non-adenocarcinoma in pre-
vious studies [17, 18]. Ito et al. [19] found that 
GLUT-1 expressionwas lower and SUVmax was 
accordingly lower in adenocarcinomas than in 
squamous cell carcinomas. Additionally, GLUT-
1 is mainly located on the membrane of tumor 
cells in squamous cell carcinomas, more effec-
tive in FDG uptake than that located in the cyto-
plasm of tumor cells [14]. On the other hand, 
SUVmax is correlated with lung cancer cell pro-
liferation and tumor volume doubling time [20]. 
It is known that adenocarcinoma has a 
significantly slower growth rate than squamous 

Figure 2. Comparison of RFS and OS between stage I and II NSCLCpatients with SUVmax < 7 and SUVmax ≥ 7. A. 
Kaplan-Meier survival curves illustrated that patients with SUVmax < 7 presented a significant better RFS than 
patients with SUVmax ≥ 7 (P < 0.001); B. There was no significant differencein OS between patients with SUVmax 
< 7 and SUVmax ≥ 7 (P = 0.107).
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cell carcinoma and the median volume dou-
bling time of adenocarcinoma is 249-258 days, 
much longer than that of squamous cell carci-
noma (81-131 days) [21-23]. These facts could 
explain why SUVmax was lower in adenocarci- 
nomas.

In addition, we found that SUVmax of NSCLC 
was positively correlated to nodal status and 
TNM stage, consistent with what reported by 
Cerfolio et al. [24]. It has been demonstrated 
that SUVmax of the primary tumor is a risk fac-
tor for occult nodal metastasis in clinical stage 
I NSCLC [25, 26]. Consistent with previous 
studies [27, 28], we showed that the possibility 
of lymph node metastasis increased with 
SUVmax of the primary tumor. When SUVmax 
was higher than 7, the possibility of lymph node 
metastasis was 22.5%; but the possibilityof 
lymph node metastasis was only 4% when 
SUVmax was less than 7.

LVI reflects tumor aggressiveness, and might 
be a critical factor for metastasis and recur-
rence [29, 30]. It has been reported that LVI is 
a strong predictor for recurrence after com-
plete resection of early stage NSCLC [31]. 
Therefore, if patients could be stratified into dif-
ferent risk groups of LVI before surgery, the 
adequate selection of the optimal surgical pro-
cedure is easy. Limited resection might be per-
formed successfully for patients at low risk of 
LVI, but is not proper for those at high risk of 
LVI. However, it is difficult to preoperatively 
identify which patient has LVI. In this study, we 
found that SUVmax predicted the possibility of 
LVI. The probability of LVI was 71.9% when 
SUVmax was greater than 7, but was 31.1% 
when SUVmax was less than 7.

A number of studies have confirmed increased 
SUVmax of the primary NSCLC as a poor prog-
nostic factor [4, 32]. Goodgame et al. [33] 
reported that high preoperative SUVmax was 
an independent predictor of relapse in resect-
ed stage I NSCLC patients. Koo et al. [34] inves-
tigated the factors associated with recurrence 
after resection for stage I and II NSCLC, and 
SUVmax ≥ 4.5 was found to be an independent 
predictor of recurrence. Our results showed 
that SUVmax yielded prognostic information for 
patients with completely resected stage I and II 
NSCLC. When SUVmax was higher than 7.0, the 
relapse-free overall survival was significantly 
lower than for patients with less metabolically 

active tumors. The threshold SUVmax value of 
7.0 was determined in accordance with the 
best cut-off value predicting nodal involvement 
and LVI in our study. However, SUVmax quantifi-
cation, which depends on fasting duration, 
plasma glucose level, the interval between FDG 
injection and image acquisition, image recon-
struction, and selection of ROI, differs from one 
center to another. It is important to understand 
that the proposed threshold varies between 
different centers. Notably, we found no signifi-
cant difference in overall survival between the 
two groups. As patients will receive multidisci-
plinary treatment after relapse, therapeutic 
strategies including chemotherapy, radiothera-
py, and targeted therapy significantly prolong 
survival. Therefore, SUVmax may not provide 
prognostic information on overall survival.

In conclusion, we found that preoperative 
SUVmax of primary tumor is a powerful predic-
tor of nodal involvement and LVI in early stage 
NSCLC, and is associated with relapse-free sur-
vival after complete resection. SUVmax may 
indicate tumor aggressive behavior and enable 
us to identify early-stage patients with high risk 
of recurrences. Patients with high SUVmax 
should be considered for intensive treatment in 
order to reduce recurrences and improve sur-
vival outcomes, such as anatomical pulmonary 
resection followed by systematic lymph node 
dissection rather than limited resection, and 
may benefit from adjuvant chemotherapybe-
yond the standard TNM staging. As a retrospec-
tive and single institutional study, patient selec-
tion bias was unavoidable such as relatively 
small number of stage II patients. Further larger 
and prospective studies are needed to validate 
the predictive value of SUVmax in early stage 
NSCLC.
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